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A crystalline mixed ester, 6-U-acetyl-2,3,4-tri-O-[( +)-3-methylvaleryl]-&D- 
glucopyranose, was obtained from Turkish tobacco by column chromatography and 
liquid-liquid partitions of a hexane extract. Saponification of the ester gave glucose, 
identified by paper chromatography, and acetic and 3-methylpentanoic (3-methyl- 
valeric) acids> identified by gas chromatography and by the formation of their 
p-phenylphenacyl esters. Exhaustive methylation of the mixed ester, followed by 
saponification of the methylated ester gave methyl @-D-glucopyranoside. Confirmation 
of the structure of the ester was provided by its synthesis from D-glucose, (+)-3- 
methylvaleric acid, and acetic acid in 43% yield. 

DISCUSSION 

Organic acids of low molecular weight are obtained from the volatile oils of 
tobacco’-‘, small amounts occurring seemingly in the free state’-3*g. However, these 
acids generally are found as esters of aliphatic alcohols, terpene alcohols, and poly- 
hydric alcohols, such as glycerol and D-giUCitO14-*. 

The isolation of 6- @acetyl-2,3,4-tri-0-[( +)-3-methylvaleryl]-/l-D-glucose marks 
the first time that D-glucose, esterified with low-molecular-weight fatty acids, has 
been isolated in a pure crystalline form from tobacco. The occurrence of this ester 
in Nature is unique, because it is a mixed ester which still exhibits reducing properties, 
and a naturally occurring sugar ester, esterified to the degree found in this compound, 
has never been reported. 

The glucose ester was isolated from a hexane extract of Turkish tobacco, grown 
in the Souyalassian region of Greece, as follows: the extract was partitioned between 
9:l methanol-water and hexane on a Podbielmak centrifugal extractor”, and the 
material from the 9:l methanol-water layer was chromatographed on a Magnesol- 
Celite column. The effluent was thoroughly fractionated by partitions and chromato- 
graphy to give the mixed tetraester of D-glucose. 

*Dedicated to the memory of Professor M. L. Wolfrom. 
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The i-r.-absorption spectrum (Fig. 1) of this compound showed that it was a 
sugar ester containing at least one free hydroxyl group. On saponification, the sugar 
moiety was identified as a ghtcose by paper chromatography with the procedure of 
Partridge’r and that of Hough, Jones, and Wadman12. Gas-liquid chromatography’3 
showed the acids to be mainly (a) six-carbon acid(s) with a small amount of acetic or 
formicacid. The acids were converted into theirp-phenyIphenacy1 esters by the method 
of Shriner and Fuson14, and separated chromatographicahy according to Kirchner, 
Prater, and Haagen-&nit”. p-Phenylphenacyl acetate and p-phenylphenacyl (-I-)-3- 
methylvalerate were obtained. 

100 i 

Wavelength in microns 

Fig. 1. Ix. spectrum of 6-U-acetyl-2,3,4-tri-U-[(+)-3-methylvaleryl]-8_D-glucose determined on 
a Nujol mull. 

Methyiation of the isolated D-glucose ester with methyl iodide and silver oxide16 
followed by saponification yielded methyl /3-r+ucopyranoside. This showed that 
only one free hydroxyl group was present and that it was attached to the C-I of the 
D-glucose molecule. This likewise indicated the presence of four ester groups. Further- 
more, the elementary analysis and the saponification equivalent (118) indicated the 
presence of three 3-methylvaleryl groups and one acetyl group. The position of the 
acetyl group was determined by synthesis, and the /3-D-configuration was established 
by mutarotation of the natural and synthetic products. 

The glucose ester, 6-0-acetyl-2,3,4-tri-O-[(-f)-3-methylvaleryl]-~-D-glucopyran- 
ose, was synthesized by a modification of the method used by Reynolds and Evans” 
for the synthesis of rl- and /J-D-glucose 1,2,3,4_tetraacetate and of the method of 
Wolfromand Christman” involving further esterification after detritylation. D-Glucose 
was converted into the 6-O-trityl derivative, which was further esterified with (+)-3- 
methylvaleryl chloride tc give 1,2,3,4-tetra-U-[( +)-3-methyIvaleryl]-6-O-trityl-D- 
glucose. The primary hydroxyl group at C-6 was regenerated by detritylation with 
hydrogen bromide, and then esterified with acetyl chloride. The (t)-3-methylvaleryl 
group was removed from the I-position with hydrogen bromide (more drastic condi- 
tions than in the detritylation). The resulting I-bromo compound was treated with sil- 
ver carbonate to give 6-0-acetyl-2,3,4-tri-U-[(+)-3-methylvaleryl]-cr-and-~-~-glucose. 
The /? anomer crystallized, whereas the CL anomer remained as a syrup. With time, the 
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a anomer mutarotated to the a,/?-equilibrium mixture from which an additional 
quantity of the /I anomer crystallized. The yield of the /3 anomer was 43% based on 
D-ghlcose. 

The synthetic product was shown to be identical with the ester isolated from 
tobacco. Thus, the structure of the isolated material has been unequivocally identified 
as 6-O-acetyl-2,3,4-tri-0-[( f)3-methylvaleryl]-B-D-glucopyranose. 

A small amount of a crystalline by-product was obtained from this synthesis. 
The i.r. spectrum and the elementary analysis suggested that it was 2,3,4,6-tetra-O- 
[( +)-3-methylvaleryl]-o-glucose, which was confirmed by synthesis. 

EXPERIMENTAL 

General. - All melting points were determined with a Fisher-Johns melting- 
point apparatus. Melting points and boiling points were uncorrected. The elementary 
analyses were performed by Huffman Microanalytical Laboratories, Wheatridge, 
Colorado. 

Isolation am-i identification of 6-O-acetyi-2,3,4-tri-0-[( +)-3-methylvalery&/?-D- 

glucopyralzose from tobacco. - The tobacco (55 kg) was shredded on a small cutting 
machine and extracted three times in a stainless-steel column with hexane at 30”. The 
combined hexane extracts were concentrated to 40 gallons on a Turba-Film evaporator. 
The hexane extract was passed through a Podbielniak extractor” where it contacted 
a stream of 9:l methanol-water. The methanol-water extract was concentrated to 
a small volume on the Turba-Film evaporator, and water was removed .at 45-50” 
under 28 mm pressure to give an oil (yield 438 g). 

This material was divided into three parts (125, 153, and 160 g, respectively). 
Each of these was dissolved in 1: 1 hexane-ether (500 ml) and the solution was passed 
through a column of Magnesol-Celite (5: 1) prewashed with 1:l hexane-ether (1000 ml). 
Development was effected with the same solvent mixture (6-8 liters). The column of 
adsorbent was extruded after collecting 6 1 of effluent, and cut into 3 sections as 
indicated by the colored zones. The sections were eluted with methanol, and the 
solvent was removed under reduced pressure. The combined yields from the three 
columns were: 70 g from effluent (Fraction A), 120 g from bottom zone (Fraction B), 
172 g from middle zone (Fraction C), and 29 g from top zone (Fraction D). Total 
yield was 391 g (89%). 

Fraction A was partitioned between three 800-ml layers of hexane and four 
800-ml layers of 9:l methanol-water. Evaporation under diminished pressure of the 
combined lower layers yielded a syrup (47.4 g). It was dissolved in 1:l hexane-ether 
(800 ml) and divided into 8 fractions (each 100 ml). Each fraction was passed through 
a silicic acid column (14 x 8 cm) which had been activated by washing with 0.2, 1 .O, 
0.8, and 1.0 vol. (solvent needed to wet the entire column) of ether, 1:l ether-acetone, 
ether, and hexane, respectively. The column was developed with hexane-ether 
solutions; the amount of ether was increased from 10% to loo%, as needed to elute 
the material from the column. After evaporation of the solvent, similar syrupy 
fractions of the 8 separate chromatograms were combined according to their i.r. 
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s_oectra: 1.4 g (Fraction 1), 8.9 g (Fraction 2), 22.5 g (Fraction 3), and 10.5 g 
(Fraction 4). 

The material from Fraction 3 was partitioned between 25 lOO-ml hexane-ether 
(3:l) layers and 25 100-r& methanol-water (3:l) layers, with an H. 0. Post counter- 
current-distribution apparatus lg After evaporation at 50” under diminished pressure, . 

the material from upper layers 3-12,13-l 6, and 17-22 was combined to give Fractions 
A, B, and C (3.13 g, 1.95 g, and 2.38 g, respectively). Fractions A and B partially 
crystallized, and were filtered off after the addition of pentane. More crystalline 
material was obtained from the filtrate and Fraction C. Recrystallization from hexane 
of the total solid obtained gave needles (1.2 g), m.p. 104106”, [a]? +30.21” (~4.7, 
chloroform), [a]g + 15.45 + + 54.50” (c 4.0, 4:l methanol-water), constant after 
25 h. This substance also gave a positive Somogyi” test for reducing sugars. 

Anal. Calc. for C,,H,,Oro: C, 60.44; H, 8.58; Mol. wt. 516.6. Found: C, 60.16, 
60.41; H, 8.56, 8.61; Mol. wt., 415 (with dec.; Rast method). 

To a solution of the ester (100 mg) in methanol, cooled to -2O”, was added a 
solution of 0.2M sodium methoxide in methanol (0.3 ml). After being kept at - 20” for 
62 h, acetone (6 ml) was added. A white solid precipitated. It was filtered off, dissolved 
in methanol, and the solution was concentrated under diminished pressure to give 
a syrup (29.5 mg). The fdtrate was concentrated to give the sodium salts of the acids. 

Identification of the sugar moiety. - The syrup was chromatographed according 
to the method of Partridge l1 along with D-glucose, D-ribose, D-xylose, D-arabinose, 
and D-rhamnose, on Whatman No. 1 paper with 4:l.l:l.g butyl alcohol-ethanol- 
water (v/v) for 40 h. The spots were revealedI by spraying with a saturated solution 
of p-anisidine hydrochloride in butyl alcohol followed by drying at 100”. The syrup 
gave only one spot which coincided exactly with D-glucose. It was compared in a 
second chromatogram with maltose, sucrose, D-fructose, D-mannose, and D-glucose, 
and gave one spot coinciding with D-glucose. 

Identification of acids. - The sodium salts of the acids were converted into the 
methyl esters by heating at reflux with methanol (10 ml) containing 10 drops of con- 
centrated sulfuric acid. The esters were chromatographed on a Perkin-Elmer Vapor 
Fractometer, Model 154-B with a column (1 m) packed with purified Celite con- 
taining 20% of the adipate polyester of d&(2-hydroxyethyl) ether 13. The chromato- 
gram showed the presence of methyl acetate (or methyl formate) and (a) methyl ester(s) 
of a C, acid_ 

To a solution of the ester (100 g) in acetone (15 ml) cooled to 0” was added 
O.lhr sodium hydroxide (25 ml), and the mixture was kept for 2 h at 0”. It was 
neutralized with 0.1~ hydrochloric acid (phenolphthalein). A control experiment 
was performed with glucose (33 mg) instead of the glucose ester to correct for any 
acid formation due to the action of alkali on the glucose portion. The saponification 
equivalent was found to be 118.2. 

The sodium salts of the acids were recovered, dissolved in water (2 ml), and 
neutralized -with two drops of dilute hydrochloric acid. Ethanol (5 ml) and pphenyl- 
phenacyl bromide (200 mg) were added and the solution was heated at reflux for 1 h. 
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The reaction mixture was evaporated to dryness. The residue was dissolved in benzene 
and the solution was chromatographed on a silicic acid column (14 x 2 cm) according 
to the procedure of Kirchner, Prater, and Haagen-Smit”. The column was developed 
with 1: 1 hexane-benzene, and fractions of 20 ml were collected. Fractions 4-6 yielded 
p-phenylphenacyl (+)-3-methylvalerate (5 1 mg), m.p. 46” (lit2’: m.p. 47”). This m-p. 
was not depressed when the product was mixed with an authentic sample prepared 
from (+)3-methylvaleric acid. Fractions 8 and 9 gave 11 mg of p-phenylphenacyl 
acetate, m-p. 110-l II”. A mixed melting point with an authentic sample gave no 
depression. The i.r.-absorption spectra of both esters were identical with those of 
the corresponding authentic samples. 

Methylation of the ester16. - A mixture of the ester (300 mg), methyl iodide 
(2 ml), and silver oxide (200 mg) was warmed (oil bath) with vigorous stirring. 
Additional methyl iodide (2-ml portions) was added periodically over two days. 
Ether was added, the suspension was filtered, and evaporation of the filtrate gave a 
syrup (300 mg). The i-r. spectrum showed no hydroxyl peak. The methylated product 
was saponified in acetone (25 ml) at 0” with 0.1~ sodium hydroxide (49 ml). After 
neutralization with 0.1,~ hydrochloric acid and evaporation to dryness under 
diminished pressure, the residue was dissolved in water (20 ml) and the solution was 
deionized by successive passage through (6 x 1.2 cm) columns of Amberlite IR-120 and 
Duolite A-4. The final effluent was concentrated to dryness under reduced pressure 
to give a syrup (100 mg). This was dissolved in abs. ethyl alcohol and the solution 
was chromatographed on a (6 x 1.2 cm diameter) column of Florex XXX-Celite 
(5:1 by wt.) prewashed with abs. ethyl alcohol (50 ml). The column was developed 
with abs. ethyl alcohol and 25-ml fractions were collected. On the basis of the i-r. 
spectra, fractions 3-6 were combined, dissolved in ethyl alcohol, and kept to crystallize. 
Recrystallization from ethyl alcohol gave methyl j&D-glucopyranoside (60 mg), m.p. 
112-l 13’, [a]“d - 32.5” (c 3.0, water). A mixed m-p. with an authentic sample22 gave 
no depression. The i.r. absorption spectra of both products were identical. 

( -I-)-3-Methylualeryl chloride. - Attempts to resolve racemic 3-methylvaleric 
acid according to the methods of Levene and Marke?3 were unsatisfactory for our 
purpose. The dextrorotatory 3-methylvaleric acid (120 g), a known constituent of 
tobacco, was obtained from tobacco (70 kg) according to the procedure of Sabetay 
and Panouse4, b.p. 196”, [a]g5 +7.40” (lit.‘? b-p. 196198”, [a]~+7.94). 

(f)3-Methylvaleric acid (20 g) was mixed with thionyl chloride (13 ml) and 
kept for 15 h. The product was distilled on a short glass helices-packed column to 
give (+)3-methylvaleryl chloride, b.p. 140-142”. 

1,2,3,4-Tetra-0-[( +)-3-methyZzmZeryl]-6-0-trityl-D-glucose. - D-Glucose (5 g), 
powdered and dried over phosphorus pentoxide, and chlorotriphenylmethane 
(8 g recrystallized from acetyl chloride by the procedure of Reynolds and Evans”), 
were dissolved in anhydrous pyridine (45 ml) by continuous shaking for 5 h. The 
solution was kept for 15 h and freshly prepared (+)3-methylvalery! chloride (16 g) 
was added carefully. After being kept for 7 h at room temperature, the reaction 
mixture was poured into ice-water (200 ml), and the aqueous mixture was extracted 
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twice with equal portions of ether. The ether extracts were combined, concentrated, 
decolorized with Darco G-60, and dried with sodium sulfate. Removal of the ether 
under reduced pressure gave a crude syrup product (25 g, incompletely dry). 

1,2,3,4-Terra-0-[( +)-3-methyfvalery&D-ghicffse. -The trityl ester was dissolved 
in acetic acid (60 ml) and the solution was cooled in an ice bath. Acetic acid (12 ml) 
saturated with hydrogen bromide gas at 0” was added. Bromotriphenylmethane 
precipitated and was immediately removed by filtration. The filtrate was quickly 
poured into ice-water (300 ml) and thoroughly stirred. The oily layer was dissolved 
in ether, decolorized with Darco G-60, and dried with sodium sulfate. Evaporation 
gave a noncrystalline product (17 g), contaminated with a small percentage of 
triphenylcarbinol. 

6-O-Acety&1,2,3,4-tetra-0-[( +)-3-met?zyhJalery&D-gkose. -The crude 1,2,3,4- 

tetraester was immediately dissolved in anhydrous pyridine (25 ml) and treated with 
acetyl chloride (4 ml). After being kept for 4 h at room temperature, the reaction 
mixture was poured into ice-water (200 ml). The solid product was dissolved in 
ether, the solution was decolorized with Darco G-60, and dried with sodium sulfate. 
After filtration, evaporation of the filtrate under reduced pressure gave a crude 
syrup (16.4 g). 

6-0-Acetyl-2,3,4-&i-O-( f-)-3-me~~l~~Vnle~~~-D-glucopyranosyl bromide. - The 
mixed ester just described was dissolved in l,l,Ztrichloroethane (25 ml). Acetic acid 
(15 ml) saturated at 0” with hydrogen bromide was added, and the mixture was kept 
for 24 h. The solvents were removed under diminished pressure, and benzene was added 
to form an azeotrope with acetic acid to yield 16.5 g of crude product. The free 
(+)-3-methylvaleric acid was not removed from the product at this time. 

6-O-Acetyl-2,3,4-tri-0-[( -I-)-3-methyZvaZeryZ$j3-D-glucose. - The glycosyl brom- 
ide was dissolved in acetone (45 ml), water (1 ml) and freshly prepared silver 
carbonate (9 g) were added, and the mixture was shaken continuously on a water 
bath for 7 h at 50”. The mixture was filtered through a short column (7 cm x 1.5 cm) 
containing a mixture of Darco G-60, Celite, and sodium sulfate (1:l:l). The filtrate 
was concentrated to give an almost colorless syrup (14.5 g) still containing one-mole 
equivalent of (+)3-methylvaleric acid. 

This crude product was dissolved in pentane and kept for 15 h at - 15”, whereby 
1.1 g of material crystallized. Recrystallization from hexane gave fluffy white needles, 
m-p. 105-106”; [a]? +30.90” (c 2.32, chloroform), [a]:: + 16.01+ + 55.00” (c 1.82, 
4:l methanol-water, constant after 25 h). A mixed melting point with the glucose 
ester isolated from tobacco showed no depression. The crude mother liquor of the 
product described above had [a]g + 50.90 --, + 39.52” (c 5.0, 9: 1 methanol-water). 
It was partitioned between 40 lo-ml layers of pentane and 40 lo-ml layers of 3:1 
methanol-water. The solvent was removed from the upper and lower layers under 
reduced pressure, and the material in these layers was combined according to their 
i.r.-absorption spectra. The material in lower layers 15-39 and upper layers 25-39 
were combined (6.1 g) which gave additional crystalline product (5_ 1 g), for a total 
yield of 6.2 g (43% based on D-glucose). 
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Lower layers O-14 yielded a material (3.6 g) which contained mostly (+)-3- 
methylvaleric acid. Upper layers O-4 gave 1.8 g of syrup which showed a weak i.r. 
absorption for a hydroxyl group. This indicated that the reactions involving the 
formation of a free hydroxyl group on C-l were incomplete. 

Upper layers 5-24 gave a material (80 mg) which crystallized. Recrystallization 
from hexane gave 52 mg of crystals, m-p. 52-53”. The i-r. spectrum of this material 
suggested that it was 2,3,4,6-tetra-O-[( +)-3-methylvaleryll-D-glucose, formed by the 
incomplete tritylation, or by detritylation in the initial esterification step. This 
substance was then synthesized as described below. A mixed melting point of 2,3,4,6- 
tetra-O-[( +)-3-methylvaleryl]-D-glucose and of the crystalline material from upper 
layers 5-24 gave no melting-point depression. 

2,3,4,6-Tetra-0-[(+)-3-met~zy~vaZery~-D-g~ztcose. - D-Glucose (2 g) was mixed 
with anhydrous pyridine (24 ml) and heated on the steam bath for 30 min. On cooling, 
(+)-3-methylvaleryl chloride (8 ml) was added. The mixture was heated for 1 h at 
60”, and then poured into cold water (200 ml). The ester was extracted with ether; 
the ether solution was washed with 5% sulfuric acid (10 ml) and water (20 ml), and 
dried with sodium sulfate. Subsequent removal of the ether gave 5.65 g of the glucose 
ester. The i.r. spectrum showed no hydroxyl group. The penta(methylvaleryl)- 
glucose was dissolved in l.l,Ztrichloroethane (6 ml) and treated For 2 h with acetic 
acid (6 ml) saturated with hydrogen bromide at 0”. Toluene (15 ml) was added, and 
the mixture was concentrated under diminished pressure to give the glycosyl bromide 
(4.5 g). This compound was dissolved in dry acetone (10 ml) and the solution was 
cooled to 0”. Freshly prepared silver carbonate (2 g) and water (0.25 ml) were added. 
The reaction mixture was continuously stirred for 45 min at O”, heated for several min 
at 55” and then filtered. The filtrate was concentrated to a syrup, which partially 
crystallized at - 15”. The crystalline product was filtered and recrystallized from 
hexane-petroleum ether, m-p. 52-53”, [cx]~: -I- 22.67 + + 62.00” (c 3.0, 4: 1 methanol- 
water, constant after 27 h)_ 

Anal. Calc. for C30H52010: C, 62.91; H, 9.51. Found: C, 63.14; H, 9.09. 
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BENZOYL DERIVATIVES OF D-GLUCONOLACTONES 

AND THEIR REACTION WITH ALCOHOLS* 
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de 

Benzoylation of D-glucono-l&lactone and D-glucono-l,Slactone afforded the 
corresponding tetra-O-benzoyl derivatives. They showed the optical rotation and 
i-r. spectral absorption characteristic for I,4 or 1,5-lactones, respectively. Opening 
of the lactone ring was effected by treatment with alcohols to give tetra-O-benzoyl- 
D-gluconates having an unesterified hydroxyl group at C-Q or C-5, respectively. 

-uLTs - DjscussxoN 

Benzoylation of D-glucono-l&lactone and D-glucono-1,5-lactone afforded the 
corresponding tetra-O-benzoyl derivatives, which showed the optical rotation and 
i.r. spectral absorption’ characteristic for 1,4 or 1,5-lactones, respectively. 

The fact that the 2,3,4&i-tetra-O-benzoyl-D-glucono-1,5-la&one (1) could be 
obtained by direct benzoylation of the 1,5-lactone is of interest, since almost all 
known derivatives of 1,5-lactones have been obtained by oxidation of the correspond- 
ing aldose derivatives2=‘. Upson and Bartz4 reported that the acetylation of D-ghtcono- 
1,5-lactone in the presence of zinc cl&ride gave a tetra-O-acetyl-D-@conic acid 
monohydrate. 

C’/ 
,c 

&O ’ 

CH,O0Z HCOBZ CH,OBZ 
1 ‘OR 

G 

oBzo\=o ROH_ BZOfH 

I 
HCOBz 

BzOCH 

OBZ 

I 
Bi!OCH 

=o-----_, 
HCOBZ 

GC 

ROH 
I 

820 
I 

HCOH 

OBZ 
I 

HCOH OBz HCOBz 

I 
2 

I 
1 CH20BZ CH,OBZ 

3R= Me 5R=Me 
4F=Ef 6R=Et . 

On benzoylation of D-glucono-l&lactone, the 2,3,5,6-tetra-U-benzoyl-D- 
glucono-l&lactone (2) was obtained. When the crude product was dissolved in 

*Dedicated to the memory of Professor M. L. Wqlfrom. 
**Research Fellow of the Consejo NacionaI de Investigaciones Cientfficas y T&micas. 
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methanoI, opening of the lactone ring took place, and after a few days crystalline 
methyl 2,3,5&i-tetra-O-benzoyl-D-gluconate (5) was obtained. Treatment of the 
benzoylated lactone with ethanol afforded the crystalline ethyl ester (6). The opening 
of the lactone ring was probably catalyzed by traces of acid that still remained in 
the crude product. Ethyl 2,3,5,6-tetra-O-benzoyl-D-gluconate (6) was also obtained 
by heating at boiling pure 2 in ethanol containing a catalytic amount of hydrogen 
chloride until dissolution. However, the reaction was slow and was completed only 
after ten days. As reported for the unsubstituted lactones’, opening of the 1,5-lactone 
ring was faster than that of the 1,4-lactone. Alcoholysis of 1 was completed in a 
few hours, and it could be easily followed by t.1.c. on silica gel, as the ester having 
one hydroxyl group free has a much lower R, value than the benzoylated lactone. 

The n.m.r. spectra of substances 3-6 were measured in chloroform-d. They 
all showed the presence of four O-benzoyl groups (T 2.1, 2.6). The methyl ester 
protons appeared at T 6.35 for compound 3 and at r 6.4 for 5. The ethoxy carbonyl 
group of both ethyl esters (4 and 6) was observed as a triplet of intensity 3 at r 8.88, 
and as a quartet of intensity 2 at r 5.9. 

As Horton and Wander6 reported for other acyclic derivatives of sugars, 
H-3 is the lowest-field signa for all four compounds. This signal appeared as a 
triplet at T 3.7, J 3.2 Hz for substances 3 and 4, whereas it was superposed with the 
H-5 signal, at a higher field, for compounds 5 and 6, because of the stronger deshielding 
effect of the adjacent benzoate group at C-4 of 3 and 4 compared with the hydroxyl 
group of substances 5 and 6. The H-2 signal showed as a sharp doublet at r 4.38, 
J1,3 3.2 Hz. In the spectra of 3 and 4 the H-2 doublet overlapped the H-4 signal. At 
higher field, all derivatives showed a 3-proton multiplet due to the superposed signals 
of H-6, H-6’, and the proton at the carbon atom attached to the unesterified hydroxyl 
group (H-5 for 3 and 4, and H-4 for 5 and 6). All four compounds showed a broad 
signal centered at r 7.1, due to the hydroxyl proton, which disappeared on deuteration. 

The partially benzoylated esters having a free hydroxyl group at C-4 or C-5 
couId be used as intermediates for the preparation of sugar derivatives having a 
particular substituent at C-4 or C-5. 

EXPEIUMETTfAL 

General. - Melting points were determined with a Thomas-Hoover apparatus 
(Arthur Thomas Co., Philadelphia, Pennsylvania) and are uncorrected. Specific 
rotations were measured with a I-dm tube. Infrared spectra were recorded with a 
Perkin-Elmer Infracord spectrophotometer. N.m.r. spectra were determined in 
deuteriochloroform with tetramethylsilane as the external reference, by using a Varian 
A-60 spectrometer. T.1.c. was performed on Silica Gel G (E. Merck, Darmstadt, 
Germany) using 1:V ethyl acetate-benzene as the mobile phase; the materials were 
detected with iodine vapor or by spraying with 5% ethanolic sulfuric acid, followed 
by heating for 10 min at 110-120”. 

i&3,4,6-Terra-0-benzoyl-D-glucono-Z,5-iactone (1). - To a suspension of 
D-glucono-I ,5-lactone (1 .O g) in anhydrous pyridine (5 ml), cooled to 0”, was added 
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with stirring benzoyl chloride (4.5 ml). After being shaken for 90 min at room 
temperature, the mixture was poured with stirring into ice-water. The gum that 
separated was washed several times with water by decantation until it solidified; 
yield 4.2 g (84%). The dry product was washed with cold ether to remove benzoic 
acid, and was recrystallized from benzene to give needles, m.p. 178-179”, [a];” 
+ l-12.9 (6 min)++90.0 (4 h)+ + 19.3” (after 51 h, c 0.8, 90% acetone). This muta- 
rotation is comparable to that of 2,3,4,6-tetra-0-methyl-D-glucono-1,5-lactone for 
which Haworth and coworkers7 reported [$,* + lOl+ +29.6O (after 8 h,water). 
I r data: ~2~” 1755 (1,5-lactone) and 1720 cm- ’ - . (benzoate carbonyl), no hydroxyl 
peak. 

Anal. Calc. for C,4H,,0,0: C, 68.68; H, 4.41. Found: C, 69.00; H, 4.70. 
2,3,5,6-Tetra-0-benzoyl-D-giucono-l,4-Zactone (2). - D-Glucono-I &lactone 

was prepared by heating at reflux D-glucono-1,Wactone in acetic acid according to 
Isbell and Frush*. The lactone was recrystallized fromp-dioxane; m.p. 134-135”, [c&j’ 
+65.2 (13 ,min)+ t62.3” (after 24 h, c 1, water), in agreement with the reported 
values. This compound (1 g) was added with stirring to a mixture of benzoyl chloride 
(5 ml) and pyridine (5 ml) cooled to 0”. After being shaken for 2 h at room temper- 
ature, the reaction mixture was poured into ice-water. The oil formed was wasbed 
several times with ice-water, and then dried in a vacuum desiccator; yield 4.16 g 
(83.7%). The product was soluble in ether and benzene. The chromatographically 
pure compound, RF 0.69, had [rx]‘, +44.5” (c 0.6, 90% acetone): the rotation did 
not change after three days. 1-r. data: v~~C’ 1790 (1,6lactone) and 1720 cm- ’ 
(benzoate carbonyl), no hydroxyl peak. 

Anal. Calc. for C34H26010: C, 68.68; H, 4.41. Found: C, 68.87; H, 4.40. 
hIethyl 2,3,4,6-terra-O-benzoyZ-D-gZuconate (3). - Compound 1 (630 mg) was 

dissolved by shaking with 50 ml of methanol containing two drops of ether saturated 
with hydrogen chloride. After 3 h, only one spot, RF 0.44, was detected. The solution 
was poured into cold dilute sodium hydrogen carbonate, and an amorphous solid 
precipitated, yield 620 mg (93%). The product could not be crystallized, and it was 
purified by precipitation with water from a methanolic solution. The chromato- 
graphically pure compound, RF 0.44, had [a]? t20.2” (c 1, chloroform); i.r. data: 
YE:: 3450 (OH), 1720 (benzoate carbonyl), and 1750 cm-’ (Et ester carbonyl); 
n.m.r. data: T 2.1, 2.6 (20-proton multiplets, 4 Bz), 3.7 (l-proton triplet, J 3.2 Hz, 
H-3), 3X54.45 (2 proton multiplet, H-2:4), 5.18-5.52 (3-proton multiplet, H-5,6,6’), 
6.38 (3-proton singlet, OMe), and 7.05 (l-proton broad signal, disappears on 
deuteration, OH). 

Anal. Calc. for C15H30011: C, 67.08; H, 4.79. Found: C, 66.80; H, 4.62. 
Ethyl &3,4,6-tetra-O-benzoyl-D-glrrconate (4). - After a solution of compound 1 

(200 mg) in abs. ethanol (20 ml) had been heated for 2 h at reflux, t.1.c. showed one 
main spot (RF 0.33) and a faint spot corresponding to the starting material that 
disappeared after 24 h at room temperature. The syrup, obtained on evaporation 
of the ethanol under reduced pressure, was soluble in cold ethanol, ether, and benzene, 
and could not be induced to crystallize. Chromatographically pure 4 was obtained 
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as an amorphous solid by precipitation with water from the ethanolic solution; 
it showed [a]? + 14.8” (c 0.8, chloroform); i.r. data: 6:: 3400 (OH), 1720 (benzoate 
carbonyl), and 1750 cm-’ (Et ester carbonyl); n.m.r. data: r 2.1, 2.6 (20-proton 
multiplets, 4 Bz), 3.7 (l-proton triplet, J 3.2 Hz, H-3), 3.85-4.5 (2-proton multiplet, 
H-2,4), 5.2-5.8 (3-proton multiplet H-5,6,6’), 5.9 (-proton quartet, J 7 Hz, CH, of 
Et0 carbonyl), 7.2 (l-proton broad signal that disappeared on deuteration. OH), 
and 8.88 (3-proton triplet, Me). 

Anal. Calc. for C36H32011: C, 67.49; H, 5.03. Found: C, 67.10; H, 4.94. 
MethyZ 2,3,5,6-tetra-O-benzoyl-D-gluconate (5). - Crude compound 2, obtained 

from 1 g of D-glucono-l&lactone, was dried in a desiccator, and then dissolved in 
boiling methanol. Crystals appeared in the solution after approximately one week at 
room temperature. They were filtered off, and on being kept, more product was 
obtained from the mother liquors. Total yield 2.33 g (53%) in five crops. Pure 5 
was obtained by recrystallization from benzene, m.p. 182-183”, [a];’ +35.5” (c 1, 
chloroform); i-r. data: I& “W 3450 (OH), 1720 (henzoate carbonyl), and 1750 cm-’ 
(Me ester carbonyl); n.m.r. data: T 2.1,2.6 (20-proton multiplets, 4 Bz), 4.05 (2-proton 
multiplet, H-3,5), 4.38 (l-proton doublet, J2,3 3.2 Hz, H-2), 4.85-5.7 (3-proton 
multiplets, H-4,6,6’), 6.4 (3-proton singlet, OMe), and 7.1 (l-proton broad signal 
that disappeared on deuteration, OH). 

Anal. Calc. for Cs5Hs00rI: C, 67.08; H, 4.79. Found: C, 67.14; H, 4.95. 
E?hyZ 2,3,5,6-terra-O-be~zoyl-o-gluconate (6). - Compound 2 (100 mg) was 

dissolved by boiling in ethanol (10 ml) containing one drop of ether saturated with 
hydrogen chloride at 0”. The reaction was followed by t.1.c.; after 10 days at room 
temperature, the spot of & 0.69, corresponding to the lactone, had completely 
disappeared, and a spot of R, 0.37 was detected. After pouring the solution into an 
equal volume of dilute sodium hydrogen carbonate, a crystalline product was obtained ; 

yield 60 mg (58%), mp. 170-172”. Recrystallization from 2:3 ethanol-acetone gave 
pure 6, m.p. 175”, [a]h3 +30.7” (c 0.8, chloroform); ix. data: vzi 3450 (OH), 1720 
(benzoate carbonyl), and 1750 cm- ’ (Et ester carbonyl); n.m.r. data: r 2.1, 2.6 
(20-proton multiplets 4 Bz), 4.05 (2-proton multiplet, H-3,5), 4.4 (l-proton doublet, 
Jz,3 3.2 Hz, H-2), 4.85-5.65 (3-proton multiplet, H-4,6,6’), 5.92 (2-proton quartet, 
J 7.1 Hz, CHP of Et0 carbonyl), 8.88 (3-proton triplet, Me ), and 7.1 (l-proton broad 
signal that disappeared on deuteration, OH). 

Anal. Calc. for CsBHJ2011: C, 67.49; H, 5.03. Found: C, 67.92; H, 5.03. 
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_4BsTRAcT 

5-Thio-D-glucopyranosyl phosphate was prepared by reaction of the acetylated 
glycopyranosyl bromide with silver diphenyl phosphate followed by hydrogenolysis 
of the phenyl groups and deacetylation. 5-Thio-D-glucopyranose 6-phosphate was 
prepared from methyl 5-thio-2,3,4,6-tetra-O-ltrimethylsilyl)-~-r-D-glucopyranoside by 
preferential removal of the trimethylsilyl group at O-6 by methanolysis, phosphoryl- 
ation with diphenyl phosphorochloridate, and removal of the trimethylsilyl and 
phenyl groups. Both phosphates were obtained crystalline as their dicyclohexyl- 
ammonium salts. 

INTRODUCTLON 

In recent years this laboratory has been interested in the biochemistry of 5-thio- 
D-glucose. During the course of this work it became evident that 5-thio-a-D-gluco- 
pyranosyl phosphate (4) and 5-thio-D-glucose 6-phosphate (10) would be useful 
products to examine as enzyme substrates. Consequently the synthesis of these 
compounds was undertaken. 

RESULTS AND DISCUSSION 

Because of the thermal sensitivity’ of 5-thio-D-glucopyranose pentaacetate’, 
its fusion with phosphoric acidi could not be used to produce 5-thio-u-D-gluco- 

pyranosyl phosphate. Consequently, the older reaction2 of an acetylated glyco- 
pyranosyl bromide with silver diphenyl phosphate was used. The resulting 2,3,4,6- 
tetra-O-acetyl-5-thio-x-D-glucopyranosyl diphenyl phosphate (3) was obtained crystal- 
line_ Integration of the n.m.r. spectrum gave the expected number of protons. The 
H-l resonance appeared as a quartet centered at 7 3.34. It showed a Jnl,r coupling 
of 8.5 Hz and JH_l,H__ , coupling of 2.5 Hz. The n.m.r. spectrum of a-D-glucopyranosyl 
phosphate in deuterium oxide exhibited the same type of quartet for the H-l resonance, 

*Dedicated to the memory of Professor M. L. Wolfrom. 
iCalled 110% phosphoric acid, Matheson, Colemann, and Bell, East Rutherford, N. J., U. S. A. 
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with its center at T 4.63 and with coupling constants JH_l,P of 7.5 Hz and JH_1,H_2 
of 3 Hz. o-Aldopyranoses in the CZ conformationshow spin-spin coupling constants 
for H-l, H-2 in equatorial-axial relation of about 3 Hz. Thus, the weak coupling 
for the sulfur-containing sugar is indicative of the a-o anomeric configuration. Its 
high positive specific optical rotation ( + 136”) was evidence also for an a-B structure. 

The phenyl ester groups were removed by hydrogenolysis over platinum and 
the acetyl groups by saponification with lithium hydroxide solution. The product 
was separated as the barium salt and converted into the crystalline dicyclohexyl- 
ammonium salt. 

For the preparation of 5-thio-B-glucopyranose 6-phosphate, methyl 5-thio- 
a-D-glucopyranoside3 was used as the starting material. This was first converted 
into the tetra(trimethylsilyl)ether 4. The trimethylsilyl group at C-6 was preferentially 
removed by methanolysis’ and the product wasphosphorylatedby diphenyl phosphoro- 
chloridate. Removal of the trimethylsilyl groups in refluxing methanol and 
removal of the phenyl groups by hydrogenolysis over platinum provided the mono- 
phosphoric ester, which was isoIated as the crystalline dicyclohexylammonium salt. 

EXPERIMENTAL 

General. - Thin-layer chromatography was used for monitoring reactions and 
estimating the purity of products. The ascending technique was employed with 
5 x 13 cm and 2.5 x7.5 cm glass plates coated with Silica Gel* G according to the 
method described by Whistler, Lamchen, and Rowel16. Components were located 
on thin-layer slides by spraying with 5% sulfuric acid in ethanol and then charring 
by heating on a hot plate. Quantitative column chromatography was made on 
silica geli. Irrigants used were: A, benzene+thyl acetate; B, hexane-ethyl acetate; 
C, chloroform-methanol; D, ethanol-ammonium hydroxide-water. Ratios represnt 
parts by volume. All chemicals were reagent grade. 

Melting points were determined on a Fisher-Johns melting-block apparatus_ 
N.m.r. spectra were obtained with a Varian Associates A-60 instrument at 40”. 
Signal positions were taken from tetramethylsilane as an internal standard. Optical 
rotations were determined on a Perkin-Elmer 141 recording polarimeter. Solutions 
were concentrated on a rotary evaporator at less than 40” under diminished pressure. 

2,3,4,6-Tetra-O-acetyl-5-t~lio~-D-gltrcopyra~zosyl dipherayl phosphate (3). - 
Syrupy 2,3,4,6-tetra-O-acetyl-5-thio-D-glucopyranosyl bromide’ (2, 5.4 g) was dis- 
solved in 20 ml of dry benzene and 5 g of powdered silver diphenyl phosphate7 was 
added. The mixture was refluxed for 1 h on a steam bath with exclusion of light 
and moisture. Silver salts were removed by centrifugation and washed with dry 
benzene. The benzene solution was concentrated to a syrup, which was dissolved 
in chloroform and treated with activated charcoal. 

*Brinkman Instruments, Inc., Westbury, N. Y. 11590, U. S. A. 
*J. T. Baker ChemicaI Co.. Philippsburg, N. J., U. S. A. 

Cufbohyd. Res., 13 (1970) 15-21 



PHo.w~u~s OF S-THIO-D-CSW~ITRKN~SRANOSE 17 

After filtration from charcoal and removal of the chloroform, the product 
was dissolved in dry ethanol and crystallized at -5”; yield 4.1 g (56% from com- 
pound 1), m.p. 94-95”. Recrystallization from ether-hexane gave crystals having 
m.p. 96-97”, [c@ + 136.2” (c 2.05, chloroform). 

Anal. Calc. for CZ6HZ90,,PS: C, 52.35; H, 4.90; P, 5.19; S, 5.38. Found: 
C, 52.36; H, 4.86; P, 5.00; S, 5.60. 

The n.m.r. spectrum showed identified signals at z 2.47 (singlet, two Ph groups), 
3.94 (quartet, JH_1.H_2 2.5 Hz, JH_l,p 8.5 Hz, H-l), 7.91 (singlet, three COCH,), 
and 8.19 (singlet, COCH,). 

S-TiCo-mbglucopyranosylphosphate (4). - Into a 50-ml round-bottomed flask 
equipped with a magnetic stirring bar was placed 0.65 g of 2,3,4,6-tetra-O-acetyl-5- 
thio-cr-D-glucopyranosyl diphenyl phosphate (3), 0.65 g of platinum oxide (Adams’ 
catalyst), and 12 ml of anhydrous methanol. The gas inside the apparatus was 
partially removed by evacuation and was replaced with hydrogen. After repeating 
this process, the reaction mixture was kept under a slight pressure of hydrogen gas 
and stirred vigorously for 1 h. The catalyst was removed by filtration and washed 
with methanol. The filtrate was neutralized with dilute sodium hydrogen carbonate 
solution and concentrated. Lithium hydroxide solution (2h1, 3 ml) was added and the 
mixture was kept for 16 h at 25”. Cations were removed by slowly passing the solution 
through a water-jacketed column of IR-120 @If) ion-exchange resin (5 ml) at 15”. 
The effluent was collected in a flask containing 3 ml of freshly distilled cyclohexyl- 
amine and the column was washed with water until the effluent was neutral. Excess 
cyclohexylamine was removed by the addition of water and subsequent evaporation 
under diminished pressure until the odor of the amine could not be detected. The 
volume was adjusted to about 5 ml and crystallization was subsequently induced 
by the careful addition of acetone until incipient turbidity developed. Fluffy white 
crystals of the cyclohexylammonium salt formed upon standing. They were isolated 
and dried in a vacuum desiccator over phosphorus pentaoxide; yield 0.468 g @go/,), 
[a]g5 + 136.6” (c 3.02, water). 

Anal. Calc. for C,,H,,N,O,PS-H,O: C, 43.89; H, 8.39; N, 5.69. Found: 
C, 43.64; H, 8.30; N, 5.52. 

The titration curve obtained by reaction of the product 4 with barium hydroxide 
showed two inflections, similar to those given by a-D-glucopyranosyl phosphate. 

Methyl 2,3,4,6-tetra-O-acetyZ-S-thio-a-~-~-gIucopyra~oside. - Oxygen was 
removed from a sodium methoxide solution (60 mg of sodium in 50 ml of anhydrous 
methanol) by bubbling dry nitrogen gas through it. 5-Thio-D-glucose pentaacetate 
(1, 3.5 g) was added to the solution and the mixture was stirred with a magnetic bar 
at 25’ under nitrogen. Deacetylation, which was monitored by t.1.c. (irrigant C, 3:l) 
was complete within 10 min, affording 5-thio-D-glucose, which was not isolated. 
Excess methanol-washed IR-120 (H+) ion-exchange resin (15 ml) was added, which 
removed the sodium ions and supplied the acid catalyst for glycosidation. Stirring 
was continued for 3 days at 25” under nitrogen. The resin was removed by filtration 
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and washed several times with methanol until no product could be detected by t.1.c. 
(irrigant C, 3:1) in the wash. The methanol solutions and washings were concentrated 
to a syrup, which was dried in a vacuum desiccator over calcium chloride for 30 h. 

The above product, a mixture of the CL-D and B-D anomers of 5, was acetylated 
in 30 ml of anhydrous pyridine with 20 ml of acetic anhydride at 25”. The reaction 
was complete after 3 h as shown by t.1.c. (irrigant C, 3:l). Excess acetic anhydride 
was destroyed by cooling the reaction mixture and adding 15 ml of methanol. After 
30 min the reaction mixture was poured into 800 ml of ice and water and the products 
were extracted with three 200-ml portions of toluene. The toluene extracts were 
washed with two 300-ml portions of ice-cold 5% (w/v) sodium hydrogen carbonate 
solution and then with 10% (w;v) aqueous sodium chIoride solution (4 x200 ml). 
The separated toluene solution was dried over anhydrous sodium sulfate and con- 
centrated to a syrup. 

The U-D and 8-D anomers were separated into three fractions on a silica gel 
coIumn with irrigant I?, 7:3; yields: CL-D anomer (2.06 g), P-D anomer (0.37 g), mixture 
of anomers (0.45 g); total isolated yield, 2.9 g (9 I%)_ The pure anomers were crystal- 
lized from ether-hexane. 

Methyl 2,3,4,6-tetra-U-acetyl-5-thio-sr-D-glucopyranoside (6) had m.p. 98-99”, 
[LYJ&~ +224.8” (c 1.8, chloroform). 

Anal. Calc. for C15HZ209S: C, 47.61; H, 5.86; S, 8.47. Found: C, 47.65; 
I-i, 5.92; S, 8.60. 

MethyI 2,3,4,6-tetra-O-acetyi-5-thio-P-D-glucopyranoside had m.p. 92-93”, 
[LY]~’ -26.9” (c 1.85, chloroform)_ 

Anal. Calc. for CIgHZ20$: C, 47.61; H, 5.86; S, 8.47. Found: C, 47.73; 
H, 5.84; S, 8.55. 

Methyl 5-thio-a-u-ghrcopymoside (5). - Methyl 2,3,4,6-tetra-U-acetylJ-thio- 
a-D-glucopyranoside (3.33 g) was dissolved in 30 ml of anhydrous methanol and a 
catalytic amount of sodium methoxide (20 mg of sodium in IO ml of methanol) was 
added with stirring. After 30 min the solution was neutralized with 1 ml of TR-120 
@I’) ion-exchange resin. The resin was removed by filtration and washed repeatedly 
with methanol_ Concentration of the filtrate and washings afforded the pure product 
in quantitative yield as a syrup which crystallized on standing; m.p. 124-125”. 
RecrystalIization from methanol raised the melting point to 126”; [br]$’ +326.3” 
(c 1.61, methanol). 

Anal. Calc. for C,H,*OSS: C, 39.99; H, 6.71; S, 15.25. Found: C, 40.05; 
H, 6.64; S, 15.23. 

The B-D anomer was deacetylated as described above. The product, obtained 
in quantitative yield, did not crystallize from absolute ethanol, methanol, ethyl 
acetate, or methanol-chloroform, but formed a gel in each trial; [a]? -51.4” 
(c 2.7, methanol). 

Methyl 2,3,4,6-tetra-O-ltrinret/~ylsiiyi~-S-t~io-~-~-g~ucopyra~~oside (6). - To a 
solution of 2.3 g of methyl 5-thio-a-D-glucopyranose (5) in 90 ml of dry pyridine 
were added 4 ml of hexamethyldisilazane and 10 ml of chlorotrimethylsilane. The 

Curbohyd. Res., 13 (1970) 15-21 



PHOSPHATES OF S-THIO-D-GLUCOPYRANOSE 19 

resulting milky mixture was shaken, allowed to stand for 10 min, and then concen- 
trated to a thick, white syrup. Dry hexane was added, the salts were removed by 
filtration and were washed with small portions of hexane. The clear filtrate was 
concentrated to a syrup that was methanolyzed directly to remove the primary 
trimethylsilyl group. 

Methyl 5-thio-2,3,4-tri-O-(trimetfzyisilyl)-a-D-gIucopyr~oside (7). - The above 
syrup was dissolved in 230 ml of dry methanol and cooled to 0”. A solution of 127 mg 
of potassium carbonate in 40 ml of dry methanol was added with stirring. The 
temperature was maintained at 0” and the reaction was monitored by t.1.c. (irrigant B, 
6: 1). After 70 min the catalyst was neutralized by addition of 0.11 ml of glacial 
acetic acid. Since the product did not crystallize from methanol-water, methanol, 
or ethanol, the solution was concentrated to a syrup. Water and alcohol were removed 
by evaporation with anhydrous pyridine (40 ml). Insoluble salts were removed by 
filtration and were washed with anhydrous pyridine. Pyridine (40 ml) was added 
to the filtrates and washings, and the solution was concentrated to a thick syrup 
to remove alcohol and moisture. This syrup was phosphorylated without further 
purification. 

Methyl 5-thio-a-D-glucopyranoside 6-diphenyl phosphate (8). - To the above 
syrup in 10 ml of dry pyridine at 0” was added 2.7 ml of diphenyl phosphorochloridate, 
dropwise, with stirring. The reaction was monitored by t.1.c. with irrigant B, 6:l. Since 
the product, methyl S-thio-2,3,4-tri-O-trimethylsilyl-a-~-glucopyranoside 6-diphenyl 
phosphate, moved at about the same rate as the starting material, a mixture of the 
starting material and reaction mixture was used for comparison. After 1 h at 0”, 
SO ml of toluene was added and the reaction mixture was washed with 75 ml of ice- 
cold 5% (w/v) sodium hydrogen carbonate solution. The separated toluene layer 
was washed with 5% (w/v) aqueous sodium chloride solution until neutra1, dried 
over anhydrous sodium sulfate, and concentrated to a syrup. Attempted high-vacuum 
distillation at 3.5 x 10e3 mtorr resulted in degradation of the product. Attempts at 
crystallization were unsuccessful. Therefore, the product was de(trimethylsilyl)ated 
by dissolving in SO ml of methanol, water was added until turbidity appeared, and 
the mixture was refluxed for 10 min. The solution was concentrated to a syrup, 
which was purified by silica gel column chromatography with irrigant B, 6:l. The 
resulting product (8) did not crystallize; yield: 3.1 g (80%) from 5, [a];’ + 130.7” 
(c 2.0, chloroform). 

Methyl 5-thio-a-D-gkcopyranoside 6-phosphate (9). - Methyl 5-thio-a-o-gluco- 
pyranoside 6-diphenyl phosphate (8, 0.50 g) was dissolved in 10 ml of methanol and 
1 g of platinum oxide (Adams’ catalyst) was added. The flask was partially evacuated 
and hydrogen gas admitted. After repeating this process twice the reaction mixture 
was shaken vigorously for 6 h at 25” under a slight overpressure of hydrogen. The 
catalyst was removed by filtration and the titrate was concentrated to a syrup. 
Water (10 ml) was added and the solution was treated with activated charcoal. 
After removal of the charcoal the barium salt of 9 was formed by addition of 400 mg 
of barium acetate. After removal of insoluble material by centrifugation, the barium 
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salt was precipitated by the gradual addition of three volumes of ethanol at 5”. After 
the mixture had been kept overnight in the refrigerator, the precipitate was collected 
by centrifugation, dissolved in water, and insoIub1e material removed by centri- 
fugation. The product was converted into the cyclohexylammonium salt by passing 
it through a cooled, 3-ml column of IR-120 (Hf) ion-exchange resin. The effluent 
was collected in a flask containing 3 ml of freshly distilled cyclohexylamine. Excess 
cyc1ohexyIamine was removed by evaporation under diminished pressure until the 
odor of the amine could not be detected. The syrup was dissolved in a minimum 
quantity of methanol, and acetone was carefully added to incipient turbidity. After 
being kept at 25” crystals formed, which were isolated by flhration and dried over 
phosphorus pentaoxide in a vacuum desiccator; yield 0.34 g (62%), [a]65 +123” 
(c 1.29, water). 

Anal. Calc. for C,,H,,N,O&+H,O: C, 45.05; H, 8.56; N, 5.53; P, 6.11; 
S, 6.33. Found: C, 44.98; H, 8.40; N, 5.72; P, 6.28; S, 6.52. 

Titration of the product 9 with barium hydroxide gave a curve showing two 
inflections, similar to that given by D-glucose 6-phosphate. 

Periodate oxidation’ of 9 was considered complete after 32 h when the periodate 
consumption slowed considerably and the production of formic acid leve!ed off. 
It was found that 2.8 moles of periodate per mole of sample were consumed and 
0.8 to 1.1 moles of formic acid per mole of sample were produced. Periodate con- 
sumption in excess of that required for glycol cleavage was attributed to oxidation 
of the sulfur atom’. 

5-Thio-D-gIucopyranose 6-phosphate (10). - To 0.20 g of methyl 5-thio-ol-D- 
gIucopyranoside 6-phosphate (9) in 5 ml of water was added 1.5 ml of IR-120 (H+) 
ion-exchange resin and the mixture was refluxed under a nitrogen atmosphere, as 
were all operations and manipulations of this compound_ The progress of the reaction 
was followed by t.1.c. (irrigant D, 5:3:1). After 6 h traces of starting material persisted, 
but another impurity, presumed to be a disulflde, continued to increase. Therefore, 
the reaction mixture was cooled and the resin was removed and washed by filtration. 
Barium acetate (150 mg) was added to the filtrate, which was concentrated to a 
small volume. After removal of insoluble material by centrifugation, the barium 
salt of 10 was precipitated by the gradual addition of three volumes of ethanol at 5”. 
After 2 h at 5” the precipitate was collected by centrifugation, dissolved in water, 
and any soluble material was removed by centrifugation. The cyclohexylammonium 
saIt was formed by passing the barium salt through a cooled column of IR-120 (H+) 
ion-exchange resin (2 ml) and collecting the effluent in a flask containing 1 ml of 
freshly distihed cyclohexylamine. Excess cyclohexylamine was removed by addition 
of water and subsequent evaporation under diminished pressure until the smell of 
amine could not be detected. The product, in a small volume of water, was crystallized 
by carefully adding acetone to incipient turbidity. The crystals, which formed at 25q 
were isolated by filtration and dried over phosphorus pentaoxide under vacuum; 
yield. 71 mg (38%). Examination by t.1.c. (irrigant E, 5:3:1) revealed that the crystals 
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contained traces of impurities, one of which could not be removed by recrystallization 
from water-acetone. 

Anal. Calc. for C,BH,,N,OaPS: C, 45.56; H, 8.28; N, 5.90. Found: C, 45.00; 
H, 8.25; N, 5.68. 

The product 10 was titrated with barium hydroxide yielding 
two inflections, similar to that obtained with D-glucose 6-phosphate. 
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ABTR4CT 

Crystalline 1,3,4,6-tetra-O-benzyl-D-fructofuranose (4) has been obtained in 
60% overall yield from D-frUCtOSe through the following steps: D-fructose+methyl 
D-fructofuranoside+methyl tetra-O-benzyl-D-fructofuranosided4. The new D-fructo- 
furanose derivative has been further characterized through the preparation of a 
p-nitrobenzoate, a p-phenylazobenzoate and a benzoate - all crystalline derivatives. 
To contim the structure of 4, it was also made through the hydrolysis of octa-0- 
benzylsucrose and by the partial oxidation of 1,3,4,6-tetra-O-benzyI-D-mannitol (ll); 
the preparation of 11 and of two crystalline derivatives therefrom is described. 

DlSCUSSION 

During a general study of the chemistry of the ketoses, 1,3,4,6-tetra-O-benzyl- 
D-fructofuranose (4) was required. Initial attempts to prepare 4 from D-fructose (1) 
were patterned after the route used earlier for the conversion of D-arabinose into 
2,3,5-tri- O-benzyl-D-arabinose’ - 3. A crude mixture of syrupy methyl D-fructo- 
furanosides (2), obtained directly from D-fructose (l), was benzylated and the product 
(3) was hydrolyzed under relatively mild conditions (aqueous acetic acid at ca. 92”) 
to yield a crude, amorphous tetra-O-benzylhexulose from which cr==stalline p-nitro- 

HA R& 
1 

RQ 
1 

2,R= H 4,R=CH2Ph : RI= H 
3.R = Ct+Ph 

S,R= CH2Ph ; R 
, 9 

= C-C6H,- NO2 (,d 

6.R= CyPh ; 
9 

R’= C-C6HdN2Ph lpi 

7.R=CH2Ph : R’= Bz 

8,R=CH2Ph i R ‘= AC 

benzoyl(5) andp-phenylazobenzoyl(6) esters were prepared. To provide unequivocal 
proof that the syrupy product was indeed 1,3,4,6-tetra-O-benzyl-D-fructofuratiose (4), 

*Dedicated to the memory of Professor M. L. Wolfram. 
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two further and wholly independent syntheses of this substance were undertaken. 
The readily accessible cyclic acetal 2,5-O-methylene-o-mannito14 (9) was converted 
into its crystalline tetrabenzyl ether (10) and the acctal bridge was cleaved by acidic 
hydrolysis in the presence of phloroglucinol. The 1,3,4,6-tetra-O-benzyl-D-mannitol 
(11) thus prepared proved to be a readily crystallizable substance; it was further 
characterized through its dibenzoate (12) and p-phenylazobenzoate (13). 

The end-to-end symmetry of mannitol makes the hydroxyl groups in 1,3,4,6- 
tetra-O-benzyl-D-mannitol (11) equivalent. It was expected that oxidation of one 
of these hydroxyl groups would be followed very rapidly by hemiacetal formation, 
effectively protecting the second hydroxyl group from further oxidation and yielding 
1,3,4,6-tetra-O-benzyl-D-fructofuranose. Actually, the oxidation of 11 with methyl 
sulfoxide-acetic anhydride’ proved to be a somewhat complex reaction, although 
its progress couId readily be monitored by polarimetry and by t.1.c. Preparative 
chromatography of the crude product allowed isolation (in 14% yield) of a product 
which proved to be identical with that obtained earlier from D-fructose. In addition, 
two other amorphous products were separated. One of these had the properties 
expected of a 2-O-acetyl-l,3,4,6-tetra-@benzyl-D-fructofuranose (8); the other had 
the elemental composition of a (methylthio)methyl 1,3,4,6-tetra-O-benzyl-D-fructo- 
furanoside (14). 

%$OR H&OR 

OkH 1 
I 

I 
R’OCH 

ROCH 
I 

ROCH PhC+OCH, 0 

I CH2 __L -4; 
OCH,SMe 

HCOR 

--J 

I 
HCOR 

v 

PhCH,O 

I 

CU20CH2Ph 

HCO I 

I 
HCOR’ PhCH,O 

I 
H2COR H&OR 14 

9.R= H 11, R=CHzPh ; R’= H 

10.R = CH2Ph 12,R=CHZPh ; R’= Bz 

0 
13, R=CH$=h ; R’= &-_C6H4N2Ph (p) 

Another approach to the synthesis of 1,3,4,6-tetra-O-benzyl-D-fructofuranose (4) 
was to use the D-fructofuranoside, sucrose (15). Because this disaccharide is markedly 
labile toward alkali, it cannot be benzylated with benzyl chloride and potassium 
hydroxide. However, the Kuhn-type of alkylation, with benzyl bromide, barium 
oxide, and silver oxide in NJ&dimethylformamide, was successfully applied to 
sucrose (15) by Tate and Bishop6 and this procedure was repeated in the present 
work- The octa-CLbenzylsucrose (16) was obtained, after chromatography, as a 
syrup having the appropriate elemental composition. Hydrolysis of 16 was effected 
in a mixture of water, acetic acid, and sulfuric acid at 65”, the highly insoluble 
2,3,4,6-tetra-O-benzyl~-D-glucopyranose’ (17) crystallizing directly from the reaction 
mixture in quantitative yield. Chromatography of a sample of the material remaining 
in the mother liquor led to the crystallization, for the Grst time, of 1,3,4,6-tetra-0- 
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benzyl-D-fructofuranose (4). With seed crystals available, the syrupy products 
obtained from D-fructose (1) and from 1,3,4,6-tetra-O-benzyl-o-mannitol (ll) readily 
crystallized, and it was then found possible to obtain crystalline 4 from D-fructose 
in 60% overa yield. A crystalline beuzoate (7) and an amorphous acetate (8) were 

OR 
15,R= H 

16,R= CH2Ph 
I?. R=CH>Ph 

prepared from crystalline 4; the optical rotation of the latter derivative ([&’ + 13-O”, 
chloroform) was reasonably close to that of the amorphous acetate aa];’ +9.7”, 

chloroform) obtained as a byproduct in the methyl sulfoxide-acetic anhydride 
oxidation of 1,3,4,6-tetra-O-benzyl-D-mannitol (ll). 

The preparation of 1,3,4,6-tetra-0-benzyl-D-fructofuranose (4) from 1,3,4,6- 
tetra-0-benzyl-D-mannitol (11) and from sucrose (15) constitutes unequivocal proof 
of its structure. Crystalline 4 shows a very slight dextromutarotation when dissolved 
in chloroform or in aqueous p-dioxane, but convincing evidence for the anomeric 
configuration of this substance as well as of the various esters of. 4 reported here 
(5-S) is not presently available. Some chemical properties of 4 will be reported in a 
future communication. 

FXPERIMENTAL 

General methods. - MeIting points are equivalent to corrected values. Qualita- 
tive t.1.c. was carried out on Silica Gel GF (250 ,um, Analtech, Inc., Wilmington, Del.), 
with the solvent systems specified. Components were detected with a Gelman-Camag 
universal U.V. lamp Model 51402 and also by spraying with 10% sulfuric acid and 
heating. Preparative t.1.c. was performed on Silica Gel GF-254 (2 mm, E. Merck AG, 
Darmstadt). Column chromatography was carried out with Silica Gel No. 7734 
(0.05-0.20 mm) of E. Merck. 

1,3,4,6-Tetra-0-benzyl-D-fructofuranose (4) from D-fructose (1). - D-Fructose 
(45.0 g) was added to anhydrous methanol (900 ml) and the mixture was stirred at 
room temperature until the sugar was largely dissolved. Concentrated sulfuric acid 
(3.4 ml) was added cautiously and stirring was continued for 25 min, by which time 
the solution gave but a very faintly positive Fehling test. Amberlite IR-45 (CO;-) 
(60 g) was added and the suspension was stirred for 5 rnin before being poured onto 
a column (4 x 44 cm) of Amberlite IR45 (CO:-). When the solution had passed 

through the column, the resin was washed with methanol (1 Iiter), the washings 
being added to the main soIution. The solution was then evaporated in vacua at 35” 
(bath) to a syrup to which was added benzyl chloride (125 ml) and powdered potas- 
sium hydroxide (50 g). Tb e mixture was stirred and heated to 115-120”; whiIe stirring 
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and heating were continued, more potassium hydroxide (175 g) was added over the 
course of 20 min. Inasmuch as the reaction is exothermic, the source of heat was 
removed from time to time in order to maintain the temperature at 115-l 16”. When 
addition of the potassium hydroxide was complete, the heating and stirring were 
continued for 5.5 h; the mixture was then cooled slightly and subjected to steam 
distillation for co. 3 h in order to remove benzyl chloride and benzyl alcohol. The 
mixture (CQ. 1 liter) was then cooled and the two phases \vere separated_ The aqueous 
layer was extracted with four lOO-ml portions of dichloromethane and the combined 
extracts were added to the organic layer which was then washed with water (1 liter) 
containing ca. 35 ml of acetic acid. (Omission of the acetic acid leads to the formation 
of intractable emulsions). The aqueous extract was washed with four lOO-ml portions 
of dichloromethane, these extracts being added to the main organic solution. Moisture 
was removed from this solution with magnesium sulfate and the solution was filtered 
through a layer of decolorizing carbon. Evaporation of the solution in oacuo, even- 
tually at cc. 1 mmHg and 140” (bath), gave a syrup (124 g) which was dissolved in 
acetic acid (500 ml). Water (120 ml) was added and the cloudy suspension was heated 
on a steam bath, becoming a clear solution as it warmed. After 2 h at 92” (steam 
bath), the solution was examined by t.1.c. (I:4 ether-benzene) and hydrolysis of the 
benzylated glycoside (3) was found to be complete_ Cooled to room temperature, 
the mixture was diluted with water (1 liter) and the crude product was extracted 
with four 150~ml portions of dichloromethane. The combined extracts were shaken 
gently with water (1 liter) containing sodium hydrogen carbonate (80 g) until the 
evolution of carbon dioxide had ceased”. The organic layer was separated and washed 
with water (1 liter). Moisture was removed with magnesium sulfate and the solution 
was evaporated i/r racuo (35” bath) to a thick syrup (125 g) which was dissolved, 
without heating, in isopropyi ether (437 mi, 3.5 mI/g). The solution was cooled to 
-5” and seeded with crystals of 1,3,4,6-tetra-0-benzyl-o-fructofuranose (4), obtained 
as described later in this paper. The solution was kept at -5” and stirred from time 
to time over the course of several days as crystallization progressed, When crystal- 
lization appeared to have ceased, a chilled mixture of pentane (25 ml) and isopropyl 
ether (50 ml) was stirred into the mass and the solid was removed by filtration, the 
crystals being washed at - 5” with a chilled mixture of pentane (50 ml) and isopropyl 
ether (100 ml) and then dried thoroughly in uaczto at room temperature: yield, 81.1 g 
(60x), m-p. 39-41”. For recrystallization, the 1,3,4,6-tetra-0-benzyl-D-fructofuranose 
was dissolved in isopropyl ether (324 ml) without heating. The solution was filtered 
through a layer of decolorizin, = carbon (Darco X, 3 g) and the carbon was washed 
with 81 ml of isopropyl ether (to make a total of 5 ml/g); the solution was then 
cooled to - 5” and seeded. The mixture was stirred from time to time over the course 
of 2 days as crystallization progressed. A chilled mixture of pentane (50 ml) and 
isopropyl ether (100 ml) was stirred into the crystalline mass and the pure product 

*Owing to the serious foaming which can take place at this stage, it is advisable to conduct the 
operation in a capacious vessel; the authors used a 6-l ikk. 
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was removed by filtration and dried in vacua at room temperature; yield 70 g, m.p. 
42-43”, [LX];’ +6-S+ t8.7” (25 h, c 1.43, chloroform); [a];’ -3.3+ f-5.7” (equi- 
librium, 28 h, c 1.07, 1:9 water-p-dioxane.) 

Anal. Calc. for C,,H,,O,: C, 75.53; H, 6.71. Found: C, 75.63; H, 6.90. 
1,3,4,6-Tetra-O-benzyl-2-O-p-?~itrobet~zoyl-o-fructofuranose (5). - p-Nitro- 

benzoyl chloride (0.34 g) was added to pyridine (2.5 ml) and the mixture, cooled 
to -S’, was stirred while 1,3,4,6-tetra-0-benzyl-D-fructofuranose (0.5 g) was added. 
Stirring of the reaction mixture was continued at -5” overnight; t.1.c. (I:4 ether- 
benzene) then showed the acylation to be incomplete. The mixture was brought to 
room temperature and stirred for a day; t.1.c. then showed the reaction to be complete, 
two products having been formed in approximately equal quantities. The reaction 
mixture was worked up in conventional fashion to give a syrup (0.55 g) which was 
dissolved in a mixture of acetone (2.5 ml) and methanol (7 ml). At +5” crystalli- 
zation progressed rapidly to give 0.28 g (45%) of 5. Recrystallized from acetone- 
methanol, the product had m.p. 66-67” and [a];’ +35.7’ (c 1.77, chloroform). 

Anal. Calc. for C41H39N09. - C, 71.40; H, 5.70; N, 2.03. Found: C, 71.24; 
H, 5.69; N, 1.98. 

Prior to the crystallization of 1,3,4,6-tetra-0-benzyl-D-fructofuranose (4), the 
p-nitrobenzoate (5) was obtained through p-nitrobenzoylation of crude, syrupy 4, 
the yield of 5 being 29%, based on D-fructose. 

1,3,4,6-Tetra-O-ben~yI-2-O-p-phe~?y~a~obeitroe (6). - A mix- 
ture of 1,3,4,6-tetra-0-benzyl-D-fructofuranose (4,2.0 g), p-phenylazobenzoyl chloride 
(2.0 g), and pyridine (10 ml) was stirred for 2 days at room temperature. T.1.c. (I:4 
ether-benzene) then showed the presence of two major colored products as well as 
of a trace of a third colored product; starting material was absent. A few drops of 
water were added and the reaction mixture was left at room temperature for 15 min 
to decompose the excess of p-phenylazobenzoyl chloride. Dichloromethane (20 ml) 
was added and the solution was washed with 1.5~ sulfuric acid, the p-phenylazo- 
benzoic acid thus precipitated then being removed by filtration. After being washed 
successively with aqueous sodium hydrogen carbonate solution and with water, the 
solution was dried with magnesium sulfate and evaporated in vacua to a syrup (2.6 g) 
which was dissolved in acetone. On standing at - 5” overnight, the solution deposited 
1.5 g (54%) of fine needles, m.p. 123-124”. Recrystallization from acetone failed 
to change this m-p.: the pure substance (6) had [z]L’ f34.6” (c 1.0, chloroform). 

Anal. Calc. for C47H44NZ0,: C, 75.38; H, 5.92; N, 3.74. Found: C, 75.29; 
H, 5.95; N, 4.04. 

Compound 6 may be prepared directly from crude. syrupy 4, the yield of 6 
from D-fructose then being 26%. 

2-O-Benzoyl-Z,3,4,6-tetra-O-benzyZ-D-fnlctofuranose (7). - Crystalline 4 (5.0 g) 
was added to a chilled mixture of benzoyl chloride (1.7 ml) and pyridine (6 ml) and 
the resulting mixture was kept for 26 h at room temperature; t.1.c. (11:l benzene- 
ether) then showed that 4 was no longer present. The mixture was worked up in 
conventional fashion to yield, from absolute alcohol solution, 1.75 g (29%) of 
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crystalline product. After recrystallization from isopropyl alcohol, the material had 
m.p. 52-54” and [a]26) + 37.0” (c 2.5, chloroform). 

Anal. Calc. for C,,H4,0,: C, 76.37; H, 6.25. Found: C, 76.23; H, 6.09. 
Z-O-Acetyl-1,3,4,6-fefra-0-benzyl-D-jkctofiranose (8). -A solution of 4 (2.00 g) 

in a mixture of acetic anhydride (2.5 ml) and dry pyridine (10 ml) was heated for 
3 h at 100”; examination by t.1.c. (51 benzene-ether) then showed the presence of 
only a small amount of 4. The reaction mixture was worked up in conventional 
fashion to yield a crude product which was subjected to preparative t.1.c. (5: 1 benzene- 
ether) to yield a major component (0.83 g, 38%) which was rechromatographed and 
finally obtained as a clear syrup which was dried for 8 h at 0.1 m_m and 100’: [a];’ 
+ 13” (c 2.4, chloroform). 

And. Calc. for C,,H,sO,: C, 74.20; H, 6.57. Found: C, 73.95; H, 6.59. 
1,3,4,6-Tetra-O-benzyl-2,5-O-methylene-D-mannitoi (10). - A well-stirred mix- 

ture of 2,5-O-methylene-D-mannito14 (9, 15 g), benzyl chloride (150 ml) and powdered 
potassium hydroxide (75 g) was slowly heated at 115-125” and kept for 4.5 h in this 
temperature range (stirring being continued). The mixture was cooled, water (500 ml) 
was added, and the whole was subjected to steam distillation for 3.5 h. Again the 
mixture was cooled and now the organic (lower) layer was removed in a separator-y 
funnel. The aqueous layer was washed with five lOO-ml portions of ether, the extracts 
being added to the organic layer. The latter was extracted with three lOO-mI portions 
of water, a few ml of acetic acid being added to break the emulsion which formed. 
Moisture was removed with magnesium sulfate and the solution was evaporated 
in vacua to a syrup (39.2 g) that was dissolved in methanol (70 ml). Crystallization 
was allowed to progress, first at room temperature and then at -5O, to give 31 g 
(72%) of product, m.p. 54-56”, which appeared homogeneous by t.1.c. (1:25 ether- 
dichloromethane). The material was dissolved in isopropyl ether (2 ml/g) and the 
solution was treated with decolorizing carbon; crystallization was allowed to proceed 
at -5” and the crystals were washed with chilled I:2 pentane-isopropyl ether to 
give 30 g of pure 1,3,4,6-tetra-O-benzyl-2,5-O-methylene-~-mannito~ (lo), m-p. 
55-56”. Further recrystallization failed to change this m-p. and yielded material 
having [a];’ -6.6” (c 1.02, chloroform). 

Anal. Calc. for C3sH3s06: C, 75.78; H, 6.91. Found: C, 75.52; H, 6.98. 
1,3,4,6-Tetra-0-benzylh-mannitol (11). - The hydrolytic cleavage of the 

methylene acetal (10) was patterned after a procedure described by Wolfrom, Lew, 
and Goepp*. Tetra-O-benzyl-2,5-O-methylene-D-mannitol (10, 20 g) and phloro- 
glucinol (38 g) were dissolved in p-dioxane (1100 ml) and the solution was diluted 
with 0.6~ hydrochloric acid (770 ml). The reaction mixture was boiled gently under 
reflux, the progress of the hydrolysis being monitored by t.1.c. with 1:4 ether- 
dichloromethane. After 21 h, concentrated hydrochloric acid (81 ml) was added and 
the heating was continued for a further 10 h. The cooled mixture was then evaporated 
in vacua at 35” (bath) to a dry, crystalline mass which was shaken with dichloro- 
methane (200 ml) at room temperature. Unchanged phloroglucinol was removed by 
filtration and washed with more (100 ml) dichloromethane; the combined filtrate 
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and washings were washed with aqueous sodium hydrogen carbonate solution and 
then with water. Moisture was removed with magnesium sulfate and the solution 
was filtered through a small amount of decolorizing carbon and evaporated in vacuu 

to a syrup (17.3 g), which was dissolved in a mixture of ether (100 ml) and pentane 
(130 ml). Crystallization progressed at - 5” to give 15.1 g (77%) of product in two 
crops; recrystallized from ether-pentane and then from isopropyl ether, the pure 
l&&6-tetra-O-benzyk-mannitol (11) had m-p. 55-56” and [a]:’ +31.2” (c 0.87, 
chloroform). 

AnaL Calc. for C,,H,,O,: C, 75.25; H, 7.06. Found: C, 75.20; H, 6.96. 
2,5-Di-O-benzo~~Z-Z,3,4,6-tetra-O-benzyl-D-m~~~nitoI (12). -A mixture of 1,3,4,6- 

tetra-O-benzyl-D-mannitol (11, 100 mg), benzoyl chloride (0.1 ml), and pyridine 
(0.5 ml) was heated for 2 h at 45” and the cooled reaction mixture was then diluted 
with water. Rubbed with fresh water, the precipitated syrup crystallized: yield, 78 mg 
(57%). Recrystallized twice from alcohol, the product had m.p. 68-69” and [a];5” 

+ 15.4” (c 1 .O, chloroform). 
Anal. Calc. for C48H4608: C, 76.78; H, 6.18. Found: C, 76.78; H, 5.93. 
1,3,4,6-Tetra-O-benzyl-2,5-di-O-p-pheny/azobenzoy~-D-~z~nitol (13). - A mix- 

ture of 1,3,4,6-tetra-O-benzyl-D-mannitol (11, 200 mg), p-phenylazobenzoyl chloride 
(360 mg) and pyridine (1 ml) was heated for 1.3 h at 45” and then cooled. Water 
was added and the product was extracted with dichloromethane; after washing the 
extract with cold 1.5M sulfuric acid it was filtered (to remove p-phenylazobenzoic 
acid) and washed with sodium hydrogen carbonate solution. Moisture was removed 
with magnesium sulfate and the solution was evaporated in vacua to a syrup to which 
ethanol (15 ml) was added. On standing at room temperature, the mixture afforded 
fine needles: yield, 240 mg (68%). The crude product thus obtained was stirred with 
isopropyl ether (6 ml) and the insoluble solid (30 mg) was removed by filtration. 
The filtrate was concentrated in vacua to dryness and the residue was dissolved in 
dichloromethane (1 ml); absolute ethanol (10 ml) was added, and crystallization was 

allowed to progress; yield 190 mg, m.p. 62-63”, [&,’ - 15.0“ (c 1.15, chloroform). 
Anal. Calc. for C,,H,,N20,: C, 75.14; H, 5.68; N, 5.84. Found: C, 75.25; 

H, 5.90; N, 5.95. 
The oxidation of 1,3,4,6-terra-0-benzyl-n-mannitol (11) tvith methyi sulfxide- 

acetic anhydride. - In a preliminary experiment, a solution of 11 (2.05 g) in methyl 
sulfoxide (90 ml) was diluted with acetic anhydride (60 ml) and the optical rotation 
of the resulting reaction mixture was observed in a I-dm tube at 20”; the rotation is 

plotted in Fig. 1 as a function of time. At 125 min (A), 198 min (B), 231 min (C), 
389 min (D), and 50 h (E) a small portion of the reaction mixture was removed and 
treated with 40 times its volume of water. The aqueous layer was separated from 
the syrup and extracted with dichloromethane; both the syrup and the dichloro- 
methane extract together were examined by t-k. (1:l ether-carbon tetrachloride). 
At time A, 1,3,4,6-tetra-U-benzyl-D-mannitol (11) preponderated, the 1,3,4,6-tetra- 
O-benzyl-D-fructofuranose (4) representing less than ca. 5% of the mixture; at 

time B, the same two components were detected, the 4 then representing ca. 20% 
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of the mixture. At time C, 11 and 4 were present in approximately equal quantities 
and were accompanied by traces of an acetate of 4 (see below). By time D, no 11 

Fig. 1. Optical rotation of 1,3.4,6-tetra-O-benzyl-u-mannitol (ll) in methyl sulfoxide-acetic anhydride. 

could be detected; the mixture was approximately 50% 4, 30% of an acetate of 4, 
and 20% of a compound which was assumed to be a (methylthio)methyl 1,3,4,6- 
tetra-O-benzyl-D-fructofuranoside (14, see below). By time E, the 4 had disappeared, 
leaving 14 and the acetate of 4 in a ratio of approximately 3:7. 

Acetic anhydride (57 ml) was added to a solution of 11 (1.92 g) in methyl 
sulfoxide (85 ml)_ When the optical rotation of the resulting mixture was close to 
the minimum (4.3 h), the solution was poured into ice-water (800 ml). The mixture 
was extracted with dichloromethane and the extract was washed thoroughly with 
aqueous sodium hydrogen carbonate solution. Moisture was removed with magne- 
sium sulfate and the solution was evaporated itz uamo to a syrup which was dissolved 
in methanol. Methanolic barium methoxide was added to cleave the acetate of 4 
(t.1.c.); the methanolic solution was evaporated in tyacuo to give a semi-crystalline 
mass which was subjected to preparative t.1.c. (I:6 ether-benzene). The band having 
the migration rate of 4 was eluted with ether and the eluate was evaporated to give 
crystalline material which was recrystallized from isopropyl ether to yield 268 mg 
(14%) of 4, m-p. 41-42”; a mixture m.p. with 4, derived from D-fructose as described 
earlier, was undepressed. 

A reaction, similar to that described above, was carried out with 199.1 mg of 11 
and halted after 4.75 h. The syrupy product was subjected to preparative t.1.c. 
(I :I ether-carbon tetrachloride) and separated into three bands. The slowest-moving 
component (56.6 mg) was 4; the middle band afforded a component (48.3 mg) which 
had [c&’ +9.7” (c 1.3, chloroform) and strong absorption at 1700 cm- ’ (neat). 
After treatment of this material with barium methoxide in methanol solution, it was 
examined by t-k. (I:1 ether-carbon tetrachloride) and then found to be chromato- 
graphicalijr identical with 4. The fastest-moving band yielded a syrupy material 
(51.4 mg) which had [LY]~ +6” (c 2.4, chloroform) and an i.r. spectrum devoid of 
carbonyl and hydroxyl absorption. Its elemental composition is consistent with the 
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conclusion that it is a (methylthio)methyl 1.3,4,6-tetra-U-benzyl-D-fructofuranoside 

(14). 
Anal. Calc. for CXBHS,O,S: C. 71.97; H, 6.71; S, 5.34. Found: C, 72.12; 

H, 7.01; S, 5.33. 
Octa-O-ben~~&~~se (16). - Sucrose (15) was benzylated in NJ&dimethyl- 

formamide solution with benzyl bromide, barium oxide, and silver oxide as described 
by Tate and Bishop6, the temperature of the stirred mixture being kept for 3 h at 
50-55”. After removal of the excess of the reactants, the crude product was chro- 
matographed on a column of silica gel, benzyl ether and benzyl alcohol being eluted 
with 1:5 isopropyl ether-cyclohexane. The octa-0-benzylsucrose (16) was eluted 
with 1:l isopropyl ether-cyclohexane and obtained as a syrup which showed [z];’ 
+38.6” (c 1.31, chloroform); liL6 [LY]~’ + 31.6” (c 1.65, chloroform), [oil? +38.6” 
(c 1.62, chloroform) ‘. 

Anal. Calc. for CG8H7 ,O, I: C, 76.81; Ht 6.64. Found: C, 76.74; H, 6.17. 
Hydrogenolysis of a small sample of 16 over a palladium catalyst readili led 

to the isolation of crystalline sucrose. 
The hydrolysis of octa-0-benzyhcrosee (16). - Octa-0-benzylsucrose (16, 5.4 g) 

was dissolved in glacial acetic acid (50 ml) and the solution was heated at 65” (water 
bath) and stirred while 2h1 sulfuric acid was added in 4-ml portions, care being taken 
to avoid the precipitation of a syrup. After 10 min, 12 ml of the dilute sulfuric acid 
had been added and the precipitation of crystalline 2.3,4,6-tetra-U-benzyl-X-D- 
glucopyranose (17) began. Crystallization was allowed to proceed in the stirred 
mixture over the course of 6 h at 65”, 251 sulfuric acid being added cautiously from 
time to time (to a total of 26 m!) without precipitating syrup. Finally, the reaction 
mixture was stirred overnight at room temperature and the 2,3,4,6-tetra-O-benzyl- 
cc-D-giucopyranose (17) was removed by filtration: 2.8 g (102%). Recrystallized from 

hot propyl alcohol, the 17 (2.1 g, 76%) had m.p. and mixture m.p. 153-154” and 
[a]‘, + 19.1” (c 1.57, chloroform); lit.’ [a];’ +21.2 +0.6” (c 3.5, chloroform). 

The filtrate remaining after the removal of the 2,3,4,6-tetra-O-benzyl-r-D- 
glucopyranose was diluted with water and extracted with dichloromethane. The 
extract was washed successively with aqueous sodium hydrogen carbonate solution 
and with water. Moisture was removed with magnesium sulfate and the solution 
was evaporated in uacuo (35” bath) to a syrup (1.8 g) which was dissolved in isopropyl 
ether and seeded* to give 1,3,4,6-tetra-0-benzyl-D-fructofuranose (4); yield, 0.48 g 
(17%). After recrystallization from isopropyl ether at - 5”, the product (0.25 g) 
had m.p. 42-43”; a mixture m-p. with a sample of 4, prepared from D-fructose as 

described earlier, was undepressed. 

*A sample of the material from a similar preparation was chromatographed on a column of silica 
gel with 1:l ether-carbon tetrachloride. Saturated solutions of the chromatographically homoge- 
neous product in pentane and in hexane gave the first crystals of 4 when they were kept for several 
days at +5”. 
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DIPHENYL DITHIOACETALS OF D-RIBOSE, D-XYLOSE, 
AND D- AND L-ARABINOSE. 
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DIPHENYL DITHIOACETAL* t 
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(Received November Znd, 1969) 

ABS-IRACT 

D-Ribose, D-xylose, D-arabinose, and L-arabinose have been converted in good 
yield into their respective diphenyl dithioacetals, 1, 5, 8, and 3. The tetraacetate 4 
of 3 adopts a planar, zigzag conformation in chloroform solution, but the D-x~Z~ 
analog 6 and D-ribo analog 2 adopt conformations that have no parallel 1,3-inter- 
actions of acetoxyl groups. A crystalline diisopropylidene acetal7 was obtained from 1. 
On treatment with a strong base, the corresponding acetal 9 from the D-arubino 
derivative 8 underwent elimination of acetone to give the ketene diphenyl dithioacetal 
10, characterized as its crystalline 3-p-nitrobenzoate 11 and its remarkably stable 
3-methyl ether 12. 

INTRODUCTION 

The uncatalyzed addition of benzenethiol to chloral was reported3 in 1870, 
although the product was neither characterized nor identified. In 1885, Baumann 
demonstrated the formation of diphenyl dithioacetals from pyruvic acid, acetone, 
benzaldehyde, and chlora14, and the use of this reaction in natural-product chemistry 
was demonstrated in 1887 with the preparation of the 3-(diphenyl dithioacetal) of 
3,7,11-trioxocholanic acid’. Seven years later, Emil Fischer6 reported the preparation 
of dialkyl dithioacetals of sugars, and stated that benzenethiol does not react with 
aldoses. This assertion was repeated’ in 1909. 

In 1958, El-Hewehi * challenged Fischer’s dictum, and reported the isolation 
of the crystalline diphenyl dithioacetal of D-galactose by mercaptolysis of lactose. 
Treatment of D-ribose with benzenethiol in the presence of zinc chloride and hydro- 
chloric acid, followed by acetylation and distillation of the product, gave an unspeci- 
fied yield of an oil that was identified as tetra-O-acetyl-D-ribose diphenyl dithioacetal 
on the basis of carbon and hydrogen analyses. In 1965, Horton and Wander2 briefly 
noted the preparation of crystalline dipheny1 dithioacetals of D-ribose and L-arabinose, 

*Dedicated to the memory of Professor M. L. Wolfram. 
iThis paper is part 4 of a series entitIed “Conformation of Acyclic Derivatives of Sugars”. For part 3, 
see ref. 1. For a preliminary report of part of this work, see ref. 2. 
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and, in the following year, Zissis, Clingman, and Richtmyer’ described the diphenyl 
dithioacetals of D-glucose and D-mannose. 

This report describes in detail the preparation of diphenyl dithioacetals of 
D-ribose, D-xylose, and D- and L-arabinose, together with three O-acetyi and two 
O-isopropylidene derivatives, and also describes a 1,Zelimination reaction to give 
a ketene ditbioacetal derivative that was noted briefly in the preliminary report’. 

DISCUSSION 

Preparation of diphenyl dithioacetak - Conversion of D- and L-arabinose 
into their crystalline diphenyl dithioacetals 8 and 3, respectively, proceeded satis- 
factorily with benzenethiol and concentrated hydrochloric acid within - 1 h at room 

temperature, to give the products in 70% yield. The D-xylose analog 5 was obtained 
similarly; a crystalline sample was first obtained by saponification of the tetraacetate 6 
of 5. Richtmyer et al.’ reported that an extended time of reaction was required for 
preparation of the dipheny1 dithioacetals of D-giucose, D-mannose, and D-galactose. 
The crystalline diphenyl dithioacetal of D-ribose (1) was obtained by the general 
procedure used for 3,5, and 8, but careful recrystallization was necessary for removal 
of a second component (a mixture of thioglycosides) from the reaction product. 

HC(SPh)z HC(SPh)a 
I I 

HCOR HCOR 
I I 

HCOR ROCH 
I I 

HCOR ROCH 

I I 
HzCOR HzCOR 

HC(SPh)n 
I 

HCOR 
I 

ROCH 
I 

HCOR 

I 
HnCOR 

lR=H 3R=H 5R=H 
ZR=Ac 4R=Ac 6R=Ac 

Acetylation of 1, 3, and 5 with acetic anhydride in pyridine gave the corre- 

sponding tetraacetates 2,4, and 6 in excellent yield; the L-arabino and D-xylo products 
4 and 6 were crystalline, but the D-ribo analog 2 was obtained after distilIation as 
an extremely viscous, colorless oil. 

Conformational anarysis of acetyiated diphenyZ dithioacetals. - The confor- 
mations of the three acetates in solution were examined by n.m.r. spectroscopy. 

I’n previous reports from this laboratory’*‘O~‘l, it has been shown that acyclic 
sugar chains in solution tend to adopt a pIanar, zigzag arrangement” of carbon 

atoms, unless such a conformation would lead to a 1,3-eclipsed interaction of polar 
substituents”’ ‘. The latter interaction, which resembles the sylt-diaxial arrangement 
in a disubstituted, &membered ring-system, has been shown to be a powerful 
destabilizing factor, forcing the molecule to adopt a “sickle” conformation, resulting 
from rotation about a carbon-carbon bond, in order to relieve the 1,3-interaction. 
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Such a situation has also been observed in the solid state for the ribitol chain in 
riboflavini2, and recently, in the crystallographic work of Jeffrey and coworkers, 
for ribitoll’ and xylitol14. 

The acetates 2, 4, and 6 in chloroform-d gave n.m.r. spectra that were readily 
analyzed by the methods already reported’, and the observed chemical-shift and 
spin-coupling data for protons on the backbone chain are recorded in TabIe I, together 

TABLE 1 

CHEhUCAL SHIFTS AND COUPLING CONSTANTS FROhl lOO-MHz P.M.R. SPECTRA, IN CHLOROFORhl-d, 

OF TJZ-I-RA-o-ACETYL-D-EUBOSE DIPHENYL DITHIOACETAL (2), TETRA-O-ACETYL-L-ARABINOSE DIPHENYL 

DITHIOACETAL (4)). l-E-IRA-O-ACETYL-D-XYLOSE DIPHENYL DITHIOACETAL (6), AND THBIR DIETHYL 

ANALOGS 

Tetra-O-acetylpentose dithioacetal 

D-ribo D-xylo L-arabino 

DiethyP DiphenyI DiethyP Diphenyl Diethyla Dip!tenyl 

6.2 3.6 5.2 3.0 8.3 5.4 
5.7 7.2 5.9 7.0 2.8 3.1 
3.6 3.7 4.2 3.1 7.9 8.5 
3.1 3.8 4.3 5.1 2.9 3.8 
7.7 7.3 6.6 7.2 6.0 5.2 

12.0 12.2 11.8 11.9 12.3 12.8 

H-l 
H-2 
H-3 
H-4 
H-5 
H-5’ 
Acetate= 

6.01 
4.67 
4.37 
4.62 
5.55 
3.89 
7.89 
7.95 
7.97 
8.00 

5.51 6.02 
4.53 4.65 
4.26 4.26 
4.67 4.62 
5.70 5.67 
5.93 5.99 
8.06 7.96 (6) 
8.09 7.98 
8.12 (6) 8.02 

5.59 6.09 5.46 
4.58 4.70 4.61 
4.22 4.28 4.19 
4.62 4.87 4.91 
5.77 5.70 5.81b 
6.13 5.98 5.92b 
7.95 7.92 7.93 
7.99 7.93 7.99 
8.02 7.99 8.06 
8.09 8.00 8.38 

“Data from ref. 1. bBy ABX analysis. qhree-proton singlets, unles; otherwise noted in parentheses. 

with corresponding data’ for the diethyl dithioacetal analogs. By comparison of 
the spin coupiings in the three acetates 2,4, and 6, and of those in the diethyi analogs, 
it may be seen that there is very little difference in the magnitudes of corresponding 
couplings, except for the value of .J1,+ By the arguments already presented1 for the 
diethyl analogs, the favored conformation of tetra-O-acetyI-L-arabinose diphenyl 
dithioacetal (4) may be formulated as the planar, zigzag arrangement 4a, corre- 
sponding to maximum relief of steric interactions between small-medium-large sets 
of groups along each carbon-carbon bond without the generation of parallel 
I ,3-interactions of substituents. 
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The spin-coupling data for tetra-O-acetyl-D-ribose diphenyl dithioacetal (2) 
clearly do not accord with the planar, zigzag arrangement 2a; such a conformation 
would require large values for J2 ,3 and J3,4, as H-2, H-3, and H-4 would be mutually 

20 40 

not favored favored 
6a 

no? favored 

2b 6b 6c 

favored favored 

antiparallel. The value of 7.2 Hz observed for Jzm3 accords with an antiparallel 
disposition of H-2 and H-3, but the low value (3.7 Hz) of J3,4 requires that H-3 
and H-4 be gauche-disposed. The observed data are accommodated by the “sickle” 
conformation (2b) derived from the planar, zigzag arrangement 2a by rotation along 
C-3-C-4 in order to remove the parallel interaction with the 2-acetoxyl group. The 
representation 2b depicts the C-l-C-2 rotamer state that has H-l and H-2 gauche- 
disposed (to accommodate the observed J, ,* value of 3.6 Hz) and that has no parallel 
interaction between the 3-acetoxyl group and one phenylthio group. Such a parallel 
interaction would destabilize the other two C-l-C-2 rotamers, even though the one 
having H-l and H-2 antiparallel would have the maximum staggering of small- 
medium-large sets of groups along C-l-C-2. 

In the case of tetra-U-acetyl-D-xylose diphenyl dithioacetal (6), the observed 
spin-couplings again do not support the planar, zigzag formulation 6a, because 
such a conformation would require small values for J2,3 and J3,4. Although J3,4 is 
small (3.1 Hz), the value of J2,3 (7.0 Hz) indicates that H-2 and H-3 are antiparallel 
in the favored rotamer state. The coupling data indicate that the molecule exists 
principally in the sickle conformation 6b, derived from 6a by rotation along C-2-C-3 
in order to remove the 1,3-parallel interaction between the acetoxyl groups at C-2 
and C-4, and to bring H-2 and H-3 into an antiparallel disposition. The C-l-C-2 
rotamer state depicted in 6h has H-l and H-2 gauche-disposed, in order to accord 
with the observed small value (3.0 Hz) of .JI ,2. That C-l-C-2 rotamer having maximum 
staggering of bulky groups, namely, 6c, would have H-l and H-2 antiparallel, giving 
a large value of JI,t. It is probabIe that steric interference between the Pacetoxyl 
group and the (bulky) phenylthio group causes 6c to be less stable, than 6h, because 
the latter conformer is free from such interaction. 

For the diphenyl derivatives 2, 4, and 6, the H-l signal appears -0.5 p_p.m. 
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to lower field than its position for the diethyl analogs (see TabIe I), indicating a sub- 
stantial difference in the electronic environment of H-l in the two series of derivatives. 
In the light of the demonstratedl’ dependence of coupling constants on substituent 
character, it is possible that this factor may also make some contribution to the 
differences in J1 ,Z values observed between the diphenyl derivatives and their diethyl 
analogs. 

Formation of ketene dithioacetals. - Acetonation of D-arabinose dipheny1 
dithioacetal 8 in the presence of copper@) sulfate and a trace of sulfuric acid gave, 
in good yield, a distillable, liquid diisopropylidene acetal that was identified as the 
2,3:4,5 isomer 9 by analogy with the corresponding diethyl dithioacetal16, and on 
the basis of mass-spectral data (see Experimental section and Table III) and subsequent 
reactions. Similar acetonation of the D-ribose analog 1 gave, in good yield, a crystal- 
line diisopropylidene acetal presumed also to be the 2,3:4,5 isomer, namely, 7, by 
analogy with the corresponding diethyl dithioacetal” and by analysis of its mass- 
spectral fragmentation pattern (see Experimental section and Table III). 
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The fully protected diphenyl dithioacetals 7 and 9 had been prepared with 
a view to generating a carbanion at C-l by abstracting H-l, as a proton, with a 
strong base. The formation of alkoxide anions was to be prevented by the use of the 
0-isopropylidene group, normally alkali-stable, and it was supposed that the arylthio 
groups could stabilize the C-l carbanion by resonance. Alkylation of such a carbanion 
might afford a route to higher ketoses. The D-m&no derivative 9 was therefore 
treated at room temperature with sodium methylsulfinylcarbanion in methyl sulfoxide, 
and an exothermic reaction ensued. Treatment of the product with methyl iodide 
caused a second exothermic reaction. Removal of the solvents and the excess of 
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reagents gave a syrupy product, C21H2403S2, that was remarkably stable to alkali 
and to oxidizing agents; it could be recovered unchanged after treatment with 
concentrated permanganate (alkaline). The same product could be obtained by use 
of potassium leaf-butoxide or butyilithium as the base, or of methyl sulfate as 
the methylating reagent. 

TABLE II 

N.M.R. .SPECl-RAL. DATA (It?0 MHz) FOR COMPOUNDS 7,9,10,11,12, AND THE DIETHYL ANALOG OF 12, 
IN CHLOROFORM-d 

Spectral 
parameter -i 

Diethyl analog 
9 1o'z 11 12 of 12=,b 

First-order coupplings, Hz 

Jr.2 1.2 
J2.3 c 
J3,4 c 
543 c 

J4,S c 

J5,S’ c 

0.9 
4.3 9 8.6 8.8 8 
c 5 4.0 5.6 c 
c c 7.0 c c 
c c 6.7 c c 
c c 8.5 c c 

Chemical shifts, t 

H-l 5.30 5.17 
H-2 5.76d 5.64 3.78 4.03 4.08 4.00 
H-3 6.02 5.75d 5.04 3.75 5.70 5.35d 
H-4 6.16d 

I 
5.&P 5.60 5.97d 

H-5 I I 5.90 I I 
H-5’ 6.31 6.20 6.14 6.14 6.32 6.14 
Ph2 2.45-2.80 2.50-2.86 2.50-2.78 2.74, 2.84 7.08f 

1.76c 8.60f 
CMea 8.56, 8.60 (2) 8.51, 8.63 8.60 (2), 8.63 (2) 8.66 (2) 8.74 8.60 (2) 

8.67 8.73, 8.77 8.81 
OMe 6.82 6.61 
OH 6.609 

=Measured at 60 MHz. ~l,2-Dideoxy-l,l-bis(ethylthio)-3-O-methy~-~-ef~t/~f~-pent-l-enitol. CNot 
determined. dUnresolved muhiplet. “Four protons of the p-nitrobenzoyl group. fProtons of two 
EtS groups. G&changed by deuterium oxide. 

The n.m.r. spectrum of the product C,,H,,O,S, (see Table II) showed that 
two phenyl groups were stih present, but that only one 0-isopropylidene group 
remained. A 3-proton signal was observed in the region characteristic of methoxyl- 
group resonances. A 3-proton group of signals appeared in the spectral region where 
the starting acetal9 showed resonances for H-4, H-5, and H-5’. A one-proton doublet 
showing a spacing of 8.8 Hz was observed at r 4.08, and a one-proton quartet that 
also showed this spacing, together with a spacing of 5.6 Hz, was observed at z 5.70. 
These data indicate that the product is formed by 1,2-elimination from 9, loss of a 
molecule of acetone, and methylation of an alkoxide anion. The structure 1,2-dideoxy- 
4,5-O-isopropylidene-3-O-methyl-l,l-bis~heny~t~o)-~-e~~~~z~~-pent-l-e~tol (12) is, 
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therefore, proposed for this compound; the doublet signal at z 4.08 was assigned 
to the vinylic proton (H-2), and the quartet at r 5.70 was assigned to H-3. Evidently, 
the base abstracts H-l from 9, but a synchronous or subsequent process leads to 
displacement of O-2 as an anion, and loss of acetone; and the resultant oxyanion 
is methylated in the subsequent step, as shown in the following scheme. 

/SPh 

Treatment of 9 with base, without subsequent O-alkylation but with the 
addition of water, leads to the 3-hydroxy analog 10 of 12, as a syrup. The n.m.r. 
spectrum of 10 (see Table II) closely resembles that of 12, except that the methoxyl- 
group signal is absent and an additional signal is observed, namely, that of a proton 
that was labile to exchange with deuterium oxide. A crystalline p-nitrobenzoate 11 

was prepared from 10, and its n.m.r. spectrum (see Fig. 1 and Table II) could be 
completely analyzed on a first-order basis. The spectrum of 11 resembled that of the 

r I 1 I L I 1 I 1 

10 2.0 

L c-- *k., , , , , , , , , ( . .*, ) , , , , , , . ) , , , , , , , , , ) , , 
I*‘*..,*- ; 

3.0 4.0 5.0 6.0 7.0 6.0 

Fig. 1. The loo-MHz n.m.r. spectrum of 1,2-dideoxy-4,5-0-isopropylidene-3-~-(~-nitrobe~oy~)-l,l- 
bis(phenylthio)-D-erythro-pent-I-enitol (11) in chloroform-d. The main spectrum to which the scale 
refers was measured at a stieep-width of 1000 Hz; insets measured at a sweep-width of 500 Hz show 
fine structure of the signals of H-2, 3, 4, 5, and 5’. 

H-S H-5’ 

11 
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3-methyl ether 12, except that H-3 in 11 resonated at considerably lower field than 
H-3 in 12, the result of the greater deshielding effect of the p-nitrobenzoyloxy group. 

The mass spectrum of the unsaturated ether 12 showed a major ion having 
m/e 123 that was present to a considerably smaller extent in the spectrum of the 
precursor 9 (see Table III)_ The ion having m/e 123 is, presumably, that of C,H,S+, 
and it can be expected to have arisen from 12 by the process shown in the following 
scheme. 

HCO 

.j,>CMe2 

HZ0 

I ‘CMe, 
n2co/ 

m/e 123 

TABLE III 

PRINCIPAL IONS FROM h&US-SPEaRAL DECOMPOSITION AT 70 ev (BASE PEAK = 100.0) 

m/e 
Compound 

Assignment 
7 9 12 

43 
77 
78 
91 

101 
109 
110 
123 
13.5 
207 
264 
388 
417 
432 

78.0 
14.4 
9.3 

14.9 
10.0 
33.7 
43.5 
69.0 
50.0 
65.2 

100.0 
- 

3.5 
5.0 

100.0 28.5 CHaC.0” 
8.0 28.0 Cd%+, phenol 
4.1 55.2 GHfP 

14.4 48.9 C7H7+, tropykm 
33.3 0.2 =CgHgOg+ 
25.0 65.8 GH&f, probably tbiatropylium 
11.1 10.3 GHaS+ 
32.2 100.0 C%H,S+ (PhSCH&) 
41.8 0.2 unidentified 
33.3 >O.l unidentified 
58.3 0.1 unidentified 
- >O.l Mf 

2.1 - M+-CHs 
9.5 - Mi- 

“See Experimental. 

In the case of 9, a pathway involving scission of a -CHI- group from the 
2,344sopropylidene group would be unfavored on steric and electronic grounds. 

Treatment of the diethyl analog16 of 9 with strong base, followed by methyl- 
ation, gave a product identified by its n.m.r. spectrum as the diethyl analog of 12. 
It is evident, therefore, that aryl groups attached to sulfur are not essential to 
occurrence of the eIimination reaction. 

The base-induced elimination 9+10 resembles the 1,Zeliminations observed 
with certain a-substituted aeetals of aldehydes’ ’ and with a-substituted thioethersl g; 
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a-haloaldehyde dialkyl dithioacetals eliminate hydrogen halide spontaneously upon 
formation”. For cyclic acetal groups, alkaline displacements bearing a formal 
resemblance to the behavior observed with 9 include the alkaline removal of the 
3,5-U-isopropylidene group of 6-deoxy-1,2:3,5-di-O-isopropylidene-6-nitro-a-o- 
galactofuranose2’, and the debenzylidenation of methyl 4,6-0-benzylidene-3-deoxy- 
3-x&o-B--D-glucopyranosidez2. 

Although some dialkyl dithioacetals of simple ketenes have been re- 
ported 18-“* 23, the products 10, 11, and 12, and their dialkyl analogs, represent a 
new class of unsaturated sugar. Studies on the reactivity of these ketene dithioacetals 
of sugars will be reported at a later date. 

EXPERIMENTAL 

General methools. - Melting points were measured with a Thomas-Hoover 
“Unimelt” oil-bath apparatus. Optical rotations were measured with a Perkin- 
Elmer Model 141 automatic polarimeter and a 1-dm tube. T.1.c. was performed 
with Silica Gel G, and column chromatography with Silica Gel 7734 (E. Merck, 
Darmstadt, Germany); plates were activated at 110”. Indication was effected with 
sulfuric acid. U.V. spectra were recorded with a Cary Model 14 spectrophotometer, 
and i-r. spectra were recorded with a Perkin-Elmer Model 137 i.r. spectrophotometer. 
N.m.r. spectra were recorded at 100 MHz with a Varian HA-100 spectrometer in 
the frequency-sweep mode, with 5% of tetramethylsilaue as a lock signal and internal 
standard, according to the general procedures reported earlier’. X-Ray powder 
diffraction data give interplanar spacings, A, for CuKa radiation. Relative intensities 
were estimated visually: m, moderate: s, strong; v, very; w, weak. The strongest lines 
are numbered (1, strongest); double numbers indicate approximately equal intensities. 
Elemental analyses were performed by W. N. Rond, by Galbraith Laboratories, 
and by H&man Laboratories. Mass spectra were recorded by C. R. Weisenberger 
under the supervision of Dr. R. C. Dougherty; an AEI MS-902 instrument was used 
with a direct-insertion probe, at an inlet temperature of 250”, an ionizing potential 
of 70 eV, and an accelerating potential of 8 kV. 

D-Ribose diphenyl dithioacetal (1). - A mixture of D-ribose (3.0 g), benzene- 
thiol(5.6 ml), and 9.0 ml of concentrated hydrochloric acid pre-saturated at 0” with 
hydrogen chloride gas was shaken for 2 h at 0” and then for 20 min at room temper- 
ature. The resultant, homogeneous solution was poured into cold water (100 ml), 
and the syrupy product that formed was separated by decantation of the water 
layer. The syrup was dissolved in ethyl acetate (50 ml), and the solution was dried 
(sodium carbonate) and evaporated. A solution of the product in benzene (100 ml) 
was kept for 2 days at 0” to give the crude dithioacetal 1; yield 3.0 g (42%) in two 
crops, ntp. 96-98”. Recrystallization from ethanol-ether and then from ethanol- 
water gave pure 1 as fluffy, white clusters of very fine needles, m.p. 101.5-102.0”, 
[a]:: +42.3 kO.6” (c 1, pyridine); Aifl 6.35, 6.75, 6.95 (aryl C=C), 13.60, 14.20, 
and 14.55 ,um (a@); n&TH 256 (E 12,000) and 217 (sh) run (15,000); X-ray powder 
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diffraction data: 13.69 m (3), 10.84 m, 9.16 m, 5.31 vs (I), 4.74 s (2,2), 4.54 m, 4.04 s 
(2,2), 3.77 m, 3.07 m, 2.93 m, 2.45 w, 2.11 w, and 1.96 w. 

Anal. Calc. for C,,H,cO&: C, 57.95; H, 5.68; S, 18.18. Found: C, 58.25; 
H, 5.98; S, 27.99. 

A second component from the reaction product, less soIuble than 1 in ethanol, 
was isolated; yield N 0.1 g, m-p. 178-l 80”, [z]g -48 Ifi: 1 o (c 1.1, pyridine). 

Anal. Calc. for C1rH,,OSS: C, 54.54; H, 5.78; S, 13.22. Found: C, 54.30; 
H, 6.04; S, 13.09. 

From the data, the side product appears to be a phenyl I-thio-D-riboside; 
its ring size and anomeric configuration have not yet been established. After acetyl- 
ation with acetic anhydride in pyridine, a syrup was obtained (RF 0.6 in dichloro- 
methane) whose n.m.r_ spectrum in chloroform-d showed signals for one phenyl 
group and a total of three acetyl groups; the n.m.r. spectrum indicated that the 
product was a mixture of isomeric forms. 

D-Arabinose diphenyl dithioacetal (8). - A solution of D-arabinose (5Og) in 
concentrated hydrochloric acid (125 ml) was shaken with benzenethiol (85 ml) at 
room temperature until the mixture had become solid (3045 min). The off-white 
solid was dispersed in 1 liter of water in a blender, and the slurry was filtered. The 
resultant solid was dissolved in boiling, abs. ethanol (3 liters), and the solution was 
allowed to cool slowly overnight. After an additional 24 h at 0”, the mixture was 
filtered to give 6 as matted, white needles: yieId 80 g (70%) in two crops, m.p. 
186.5-187.0”, [a]fp +24.0 +O.~“(C 1,pyridine); 12:: 6.35, 6.80,6.95,7.20 (aryl C=C), 
13.50, 14.20, and 14.55pm (a@); LzEH 256 (E 9,000) and 216 (sh) nm (17,000); 
X-ray powder diffraction data: 12.99 s (2), 11_70m, 9.35 s (3,3), 8.30 m, 5.38 m, 
5.16 VW, 4.70 s, 4.33 s (3,3), 4.12~s (l), 4.OOvw, 3.89 w, 3.61 VW, 3.47 vw, and 
2.67 w. 

Anal. Calc. for C,,H2,0,S,: C, 57.95; H, 5.68; S, 18.18. Found: C, 57.94; 
H, 5.95; S, 18.24. 

L-Arabhose diphenyi dithioacetal(3). - The previous experiment was repeated, 
but with L-arabinose as the starting material. The product (3) had m.p. 186--186.8”, 

bl gg -25.9 20.6” (c 1.2, pyridine); the i.r. and U.V. spectra and X-ray powder 
diffraction pattern were superposable on those of 8. 

Anal. Calc. for C,,H2,,0&: C, 57.95; H, 5.68; S, 18.18. Found: C, 57.81; 
H, 5.90; S, 18.24. 

D-Xy~OSe diphenyl dithioacetal (5). - A solution of D-xylose (10 g) in 15 ml 
of concentrated hydrochloric acid was shaken with 17 ml of benzenethiol for 1 h at 
room temperature. The homogeneous mixture was poured into ice-water (400 ml), 
and the mixture was extracted with two IOO-ml portions of ethyl acetate. The extracts 
were combined, dried (magnesium sulfate), and evaporated, to give crude 5 as a 
clear, pale-yellow syrup, yield Ii .5 g (50%). 

Crystalline 5 was obtained by saponification of the tetraacetate 6. To a solution 
of 6 (1.0 g) in methanol (50 ml) was added sodium (-10 mg); after 6 h, Dry Ice 
(-2 g) was added, and the mixture was filtered. The fihrate was evaporated, and 
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the residue was dried at 150°/0.04 torr; trituration of the residue with ethanol 
caused it to crystallize. Recrystallization from ethanol gave 5 as white granules, 
m-p. 98-loo”, yield 475 mg (77%): after being dried at 150” and further recrystallized, 
it had m.p. lOO-101.5”, ra]g -8 _+I” (c OS, ethanol); 1::: 2.95 (OH), 6.20, 8.85, 
9.35, 11.60, 13.45, and 14.60 pm (aryl); 2::” 256 (e 9,000) and 217 (sh) nm (16,000); 
X-ray powder diffraction data: 8.20 s (2), 5.82 m, 4.77 vs (I), 4.44 m, 4.21 s (3), and 
2.21 m. 

Anal. Calc. for C1,HZ004S,: C, 57.95; H, 5.68; S, 18.18. Found: C, 57.95; 
II, 5.91; s, 18.05. 

Terra-0-acetyl-D-xylose diphenyl dithioacetal (6). - -4 solution of crude, 
syrupy 5 (IO.5 g) in pyridine (60 ml) and acetic anhydride (20 m1) was kept overnight 
at room temperature, and then poured into ice-water (750 ml). After 15 min, the 
mixture was extracted with two 250-ml portions of dichloromethane, and the extracts 
were combined, dried (magnesium sulfate), and evaporated. A solution of the product 
in dichloromethane was passed through a short column (2.5 x I cm) of siiica gel. 
Evaporation of the eflluent, and crystallization of the product from ether (40 ml) 
and petroleum ether (b-p. 30-60”, - 10 ml) at 0” gave 6 as a white solid; yield 10.6 g 
(67%), m.p. 81-90”. Recrystallization from hot ethanol gave 9.1 g of 6 as broad 
needles, m.p. 90-91”, [u]g + 54.5” (c 1, ethanol); i-%!j; 5.65 (OAc), 6.35, 7.25, 11.20, 
11.95, 13.50, and 14.55 I.rrn (aryl); R,,, E’oH 256 (E 9,000) and 216 (sh) run (18,700); 
for n.m.r. data, see Table I; X-ray powder diffraction data: 9.02 s (2,2), 8.34 vs (1), 
6.47 m, 6.03 s (2,2), 5.58 s (2,2), 4.39 m, 4.01 s (2,2), 3.85 s (2,2), 3.65 s (2,2), and 
2.82 w. 

Anal. Caic. for C&IzsOsS,: C, 57.69; l-l, 5.38; S, 12.30. Found: C, 57.40; 
I-I, 5.41; S, 12.13. 

Terra-0-acety&D-ribose diphenyl dithioacetal (2). - A solution of 1 (5 g) in 
dry pyridine (25 ml) and acetic anhydride (10 ml) was kept for 18 h at room temper- 
ature: and then poured into ice-water (500 ml). The mixture was extracted with 
dichloromethane, and the extract was dried (magnesium sulfate) and evaporated, 
to give 2 as a pale-yellow syrup, yield 6.3 g (84%). The analytical sample was obtained 
by distillation at 205” (bath)/5 torr; [3c]i6 +79.8 f0.5” (c 1.18, chloroform); 
RF 0.4 (dichIoromethane); n2i.F 5.60, (OAc), 6.35, 6.80, 6.85 (aryl C=C), 7.20, 
13.45, and 14.55 pm (aryl); izzH 252 (a 7,200) and 217 (sh) nm (14,500); for 
n.m.r. data see Table I. 

Anal. Calc. for C,SH,80,S,: C, 57.69; H, 5.38; S, 12.30. Found: C, 57.71, 
I-I, 5.64; S, 12.10. 

El-Hewehi’ described 2 as a yellowish oil boiling at 140-150” under “high 
vacuum “_ 

Tetra-0-acetyk-arabinose diphenyl dithioacetal (4). - A solution of 3 (5.0 g) 
in pyridine (25 ml) and acetic anhydride (25 ml) was kept for 18 h at room temperature, 
and then poured into ice-water (500 ml). The resultant solid was filtered off, and 
recrystallized from ether-petroleum ether (b-p. 30-60”) to give 4 as dense prisms; 
yield 6.4 g (80%), m.p. 80-81”. A small sample was freed of minor impurities by 
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passing a solution in dichloromethane through a short column (2.5 x 1 cm) of silica 
ge1; recrystallization, as before, gave pure 4, m.p. 82-83”; [a]; -60.3 t0.6” (c 1, 
pyridine); 2::: 5.65 (OAc), 6.30, 6.70, 6.95 (aryl C=C), 12.95, 13.10, 13.35, 14.40, 
and 14.55 pm (aryl); AEgH 257; (8 10,000) and 217 (sh) nm (20,000); for n.m.r. data, 
see Table I; X-ray powder diffraction data: 9.35 s (2,2), 8.28 vs (l), 7.35 m, 6.56 m, 
5.60 m, 4.64 s (2,2), 4.14 m, 3.95 w, and 3.69 w. 

Anal. Calc. for C,,H,,O,S,: C, 57.69; H, 5.38; S, 12.30. Found: C, 57.53; 
H, 5.54; S, 12.06. 

2,3:4,5-Di-O-isopropylidene-D-ribose diphenyl dithioacetal (7). - D-Ribose di- 
phenyl dithioacetal (1, 1.0 g) was shaken for 24 h at room temperature with acetone 
(50 ml), anhydrous copper(I1) sulfate (5 g), and 1 drop of concentrated sulfuric acid. 
The acid was neutralized with solid sodium carbonate (-1 g), and the mixture was 
filtered. Evaporation of the filtrate gave a syrup that began to crystallize after 12 h. 
Trituration with chloroform (0.3 ml) and ethanol (2 ml) gave white platelets of 5 
that were fihered off and washed twice with 1.5-ml portions of ethanol; yield 1.0 g 
(80%), m-p. 124.5-126”, [a]k6 + 17.7 +0.9” (c 0.78, chloroform): Azi 6.95 (aryl C = C), 
7.25 (CMe2), 9.35, 11.10, 13.40, 14.00, and 14.55 pm (aryl); AEgH 260 (.s 14,000) 

and 218 (sh) nm (21,000); for n.m.r. data, see Table II; X-ray powder diffraction 
data: Il.51 m, 7.74 m, 6.90 s (2,2), 4.94 s (2,2), 4.47 vs (1), 3.84 s (3), 3.47 w, 3.25 w, 
and 2.27 m; for mass-spectral data, see Table III. 

Anal. Calc. for C,,H2s0&: C, 63.88; H, 6.46; S, 14.81. Found: C, 63.97; 
H, 6.71; S, 14.59. 

The presence in the mass spectrum of 7 (see Table III) of a fragment having 
m/e 101 is diagnostic for a 4-monosubstituted 2,2-dimethyl-1,3-dioxolane residue, 
such as is seen for the exocyclic 5,6-acetal grouping of 1,2:5,6-di-O-isopropylidene- 
x-D-glucofuranosez”, and indicates that the substitution pattern in 7 is 2,3:4,5. 

2,3:4,5-Di-0-isopropylidene-D-arabinose diphenyl dithioacetal(9). - A mixture 
of 8 (40 g) and anhydrous copper(I1) sulfate (40 g) in acetone (500 ml) containing 
concentrated sulfuric acid (4 drops) was shaken for 72 h at room temperature. The 
acid was neutrahzed by stirring with anhydrous sodium carbonate (2 g), the mixture 
was filtered, and the filtrate was evaporated, to give 7 sufficiently pure for further 
conversions; yieId 32.2 g (55%). An analytical sample was prepared by passing a 
solution of the product in dichloromethane through a short column of silica gel, 
evaporating off the soIvent, and distihing the syrup at 210” (bath)/5 torr. The 
product 9 had [LY]‘~ -35.7 -1-0.6” (c 1, chloroform); R, 0.5 (dichloromethane); 
1zi.r 6.35, 6.70, 6.95 (aryl C=C), 7.20 (CMe,), 13.50, and 14.50 pm (aryl); $$xH 257 
(a 13,000) and 225 (sh) run (25,000); for n.m.r. data, see Table II; for mass-spectral 
data, see Table III. 

Atzai. Calc. for C2sH2sOSS2: C, 63.88; H, 6.46; S, 14.81. Found: C, 63.63; 
H, 6.51; S, 15.03. 

As with 7, the ion at m/e 101 in the mass spectrum of 9 results24 from cleavage 
of the C-3-C-4 bond with retention of the charge at C-4, and indicates that the order 

of attachment of the isopropylidene groups is 2,3 and 4,5. * 

CurbolqZ. Res., 13 (1970) 3347 



ALDOPENTOSE DIPHENYL DJIHIOACETALS 45 

The product 9 decomposed on being stored, even when it had been carefully 
purified, to give acetone and the starting dithioacetal 8. This decomposition was 
greatly accelerated by traces of acid. The unchanged acetal 9 could be extracted from 
the partially decomposed product by use of ether. 

l,2-Dide~xy-Q,5-O-isopropylidene-3-O-~~zetf~yZ-I,I-bis(p~~e~~ylthio)-~-erythro-pent- 
I-exit01 (12). - To a solution of sodium methylsulfinylcarbanion prepared by 
dissolving sodium (5 g) in freshly distilled methyl sulfoxide (80 ml) was added 2,3:4,5- 
di-0-isopropylidene-D-arabinose diphenyl dithioacetal (9, 23.4 g, 50 mmoles), with 
cooling during the ensuing exothermic reaction to keep the temperature below 40”. 
When the reaction had subsided, methyl iodide was added dropwise to the dark-red 
solution, with cooling (30”) to control the exothermic reaction. When addition of 
methyl iodide no longer elicited liberation of heat (- 10-15 ml added), a final 2 ml 
was added. After a few minutes, the resultant sludge was transferred to a l-liter 
separatory funnel with ice and water (500.ml) and ether (250 ml), and the mixture 
was shaken. The layers were separated, and the aqueous layer was extracted with 
300 ml of ether. The extracts were combined, washed with cold water (500 ml), dried 
(magnesium sulfate), and evaporated, to give 10 as a reddish orange syrup; yield 
14.2 g (68%), RF 0.5 (dichloromethane). The product was chromatographically 
homogeneous, and its n.m.r. spectrum indicated that substantial proportions of 
contaminants were absent. Some of the colored contaminants could be removed by 
passing a solution of the product in dichloromethane through a column (5 x 2 cm) 
of silica gel, but attempts to distil the product at 250” (bath)/3 torr led to extensive 
charring and decomposition, and the yield of distillate was insignificant. Treatment 
of the crude product (2 g) with water (5 ml), potassium hydroxide (3 g), and potassium 
permanganate (3 g) at room temperature led to an initially exothermic reaction_ 
After 24 h, an excess of 40% formaldehyde solution was added to the dark-green 
solution, inorganic solids were filtered off, and the filtrate was extracted with chloro- 
form. The extract was passed through a short column of silica gel and then evaporated, 
to give pure 10 as a red-orange syrup, with little net loss; [LX]~~ +35.7 +O.S’ (c 1.2, 
chloroform); J_zl!J 6.30, 6.70, 6.95 (aryl C=C), 7.20 (CMel), 13.45, and 14.55,~m 
(aryl) ; IE;! 246 (E 17,500) and 212 (sh) nm (45,000); for n.m.r. data, see Table II; 
for mass-spectral data, see Table III. 

Anal. Calc. for C,,Hz40&: C, 64.96; H, 6.18; S, 16.49; OCH,, 7.99. Found: 
C, 64.72; H, 6.27; S, 16.20; OCH,, 8.11. 

Essentially the same results were obtained when potassium terr-butoxide in tert- 
butyl alcohol, or butyllithium in ether or methyl sulfoxide, was used as the base, or 
when methyl sulfate was used instead of methyl iodide. 

When 2,3:4,5-di-0-isopropylidene-D-arabinose diethyl dithioacetali6 was used 
instead of the diphenyl analog, a syrupy product was obtained whose n.m.r. spectrum 
(see Table II) indicated that it was the diethyl analog of 12. 

I,2-Dideo.uy4,5-0-is~propypropylidene-l,I-bis(phenyltltio)-~-erythro-pent-I-enito~ (10). 
- To a solution prepared by dissolving sodium (0.6 g) in methyl sulfoxide (30 ml) 
was added 9 (3.0 g, 6.9 mmoles). After the ensuin,, = exothermic reaction had subsided, 
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the mixture was shaken in a separatory funnel containing ice and water (400 ml) and 
ether (250 ml). The layers were separated, and the aqueous phase was extracted with 
100 ml of ether. The extracts were combined, washed successively with water and 
saturated aqueous sodium chloride, dried (magnesium sulfate), and evaporated, to 
give 10 as a yellow-orange syrup, yield 1.2 g (44%); for n.m.r. data, see Table II. 
The crude product was used directly in the next experiment. 

1,2-Dideoxy-4,5-0-isopropylinene-3-O-(p-nirrobenzoyi)-~,I-bis(phenyIt~~io)-D- 

erythro-pent-I-enitol (11). - The syrupy 10 from the preceding experiment was 
dissolved in 20 ml of pyridine, p-nitrobenzoyl chloride (6.0 g) was added, and the 
mixture was kept overnight at room temperature. The mixture was poured into 
600 ml of ice-water, and the resultant solid was filtered off, washed with 500 ml of 
water, and dried. The solid was leached with ether (25 ml), to dissolve the product 
and leave most of the contaminating p-nitrobenzoic acid undissoIved. The extract 
was evaporated, the resultant, crude product was dissolved in dichloromethane 
(400 ml), and the solution was passed through a column (20 x 1 cm) of silica gel to 
remove the remaining p-nitrobenzoic acid. Evaporation of the eluate and crystal- 
lization of the residue from ether-petroleum ether (b-p. 30-60”) gave 12 as a yellowish 
solid; yield 1.15 g (74%), m-p. 100-102°. Recrystallization from the same solvents 
gave 12 as a microcrystalline, off-white powder, m-p. 102-103”, [LZ]~ t37.9 f0.5” 
(c 1.2, chloroform); I-i:: 5.80 (C=O), 6.30, 6.55 (aryl), 7.45 (doublet, CMez), 13.50, 
13.90, and 14.55 pm (aryl); A,,,,, EtoH 257 (E 22,000) and 206 nm (26,500); for n.m.r. 
data, see Table II; X-ray powder diffraction data: IO.67 s (2,2), 8.64 m, 7.37 m, 5.37 m, 
5.10~s (I), 4.88 w, 4.34m, 4_15m, 3.80s (2,2), 3.46s (2,2), 3.35w, and3.19~ (3). 

Anal. Calc. for C,,H,,NO,S,: C, 61.95; H, 4.78; N, 2.68; S, 12.24. Found: 
C, 61.79; H, 4.83; N, 2.70; S, 12.24. 
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ABSTR4CT 

A new method for the synthesis of glycosyl fluorides under very mild conditions 
in a homogeneous system is described. When glycosyl chlorides (l-4) are mixed with 
silver tetrafluoroborate in anhydrous ether, reaction occurs immediately and anomeric 
mixtures of glycosyl fluorides are obtained in good yield. Changing the solvent to 
toluene results in anomerization and the preponderant formation of a-D-glucosyl 
fluorides. An unexpected result was obtained in the reaction of 2,3,4,6-tetra-U- 
acetyl-a-D-glucopyranosyl chloride with silver tetrafluoroborate in ether. After a short 
period of reaction 2,3,4,6-tetra- U-acetyl-cr- (48%) and -/I-D-glucopyranosyl fluorides 
(33%) were obtained, but 1,2-O-acetoxonium-3,4,6-tri-O-acetyl-cx-D-glucopyranose 
tetrafluoroborate could not be obtained. After a longer period, only 2,3,4,6-tetra-O- 
acetyl-a-D-glucopyranosyl Auoride was obtained, in 81.5% yield. Similar results were 
obtained when 1,2-O-acetoxonium-3,4,6-tri-O-acetyl-cc-D-glucopyranose tetrafluoro- 
borate was treated with anhydrous ether. 

INTRODUCTION 

Recently, there has been a marked increase in interest in the synthesis of 
fluorinated carbohydrates 2-8 Braunsg ftrst reported the preparation of acetylated 
cc-D-glycosyl fluorides, by the action of anhydrous, liquid hydrogen fluoride (prepared 
from potassium hydrogen fluoride) on fully acetylated sugars. Micheel and co- 
workers’ ’ used the commercially available, anhydrous hydrogen fluoride. The less 
stable anomers of the acetylated glycosyl fluorides were prepared by treating 1,6- 
anhydro-@-D-glucopyranose triacetate with hydrogen fluoride’ ’ or’ ’ by the action of 
silver fluoride on the acetylated glycosyl bromides or chlorides having the more 
stable configuration at C-l. Kent and co-workers 5 have reported the addition of 
halogen fluorides (XF, prepared in situ from the N-halosucciniimide and hydrogen 
fluoride) to glycals, giving 2-deoxy-2-haloglycopyranosyl fluorides. Hall and Man- 
ville’ have also reported the addition of XF (prepared from halogens and silver 
fluoride) to D-glucal triacetate. In the course of other studies we have found a new 

*Dedicated to the memory of Professor M. L. Wolfrom. 
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method for the synthesis of glycosyl fluorides under very mild, homogeneous condi- 
tions. 

RESULTS AND DISCUSSION 

First, we chose the anomers of 3,4,6-tri-O-acetyl-2-cbioro-2-deoxy-D-ghrco- 
and -D-mannopyranosyl chlorides as starting materials having a weak participating 
group at C-2, since the four isomers have been isolated in crystalline formI2 and 
three of the four glycosyl fluorides anticipated are already known’. When the glycosyl 
chlorides (I-4) were mixed with a solution of silver tetrafluoroborate in anhydrous 
ether at 0” with stirring, silver chloride was immediately precipitated. The reaction 
was complete within 10 min and anomeric mixtures of the glycosyl fluorides were 
obtained in good yield. The reaction was studied under various conditions and the 
resuhs of analyses by gas-liquid chromatography (g.1.c.) are summarized in Table I. 

I R,=R~=H c AgCI 

R2 = R,= Cl 6 7 R~=H 

2 R2=R3=k 

Ii 

R,=Cl 

R, = R,=Cl 9 R~==CI 

3 R,=R.,=H R,=H 
R, =R3=Cl 

4 R2=R4=n 
C%OAc 

0 
Rt=Rj=CI 

5 Rl=R3=~ 

R:! = Cl, R_,=OAC e 

12 R3 = H 

R, = OAc 
AC 

AcO 
/” 0 

o--cow=.. 
I 

11 CH3 

+ + BF, 

R4 

8 R3=H 

R_e=Ci 

l0 R3= CI 

R_,=H 

13 R3=H 

R4=Onc 

Under the conditions used, no anomerization of either the starting glycosyl 
chlorides or the products was observable, and the a- and /I-D-glycopyranosyl fluorides 
obtained correspond to the products of kinetic control. Furthermore, chlorine at C-2 
did not react with silver tetrafluoroborate at all. As shown in Table I, the fact that the 
proportion of the mannosyl fluorides obtained is almost constant regardless of the 
configuration of the starting chlorides indicates that the reaction proceeds tiia a 
common intermediate such as 6. The same situation substantially applies to the 
glucose series. 

When anhydrous toluene was used as the solvent instead of ether, equilibrated 
mixtures of the anomers were obtained in good yields (see Experimental). 

These results appear reasonable. It is well known that boron trifhtoride forms 
a very stable complex with ether but not with toluene; it also has a tendency to 
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TABLE 1 

G.L.C. ANALYSIS= OF GLYCOSYL FLUORIDES (7-10) OBTAINED IN THE REACI-ION OF GLYCOSYL CHLORIDES 

(I--+ WITH SILVER TBTRAl=LUOROBORATE 

Method of b Proportion of Total 
mixing glycosyl jluoride yield (%) 

1 A 
B 
C 
D 
E 

2 A 
B 
C 
D 
E 

A 

B 
c 

D 
E 
A 
B 
C 
D 

E 

7 
a-D-Glucosyl 
67.9 
67.7 
60.8 
60.3 
55.6 
75.3 
74.2 

69.7 
68.4 
68.7 
9 
a-D-Mannosyl 
82.1 
84.4 
86.9 
89.0 
88.0 
75.0 
84.6 
86.3 
90.5 
87.2 

i-D-Glucosyl 
32.1 
32.3 
39.2 
39.7 
44.4 
24.7 
25.8 
30.3 
31.6 
31.3 
10 
P-D-Mannosyl 
17.9 
15.6 
13.1 
11.0 
12.0 
25.0 
15.4 
13.7 
9.5 

12.8 

99.4 
98.8 
94.2 
92.8 
94.8 

99.2 
100 
95.3 
96.5 
98.8 

100 
97.6 
92.7 
94.9 

100 
100 
95.9 
98.4 
94.7 

100 

=For the details, see Experimental. *All reactions were carried out at 0’ in thermostatted bath with 
stirring. Method A: 100 mg of glycosyl chloride was added all at once to a solution of68 mg of silver 
tetrafluoroborate in 2.3 ml of anhydrous ether. Metlzod B: to a solution of 100 mg of the glycosyl 
chloride in 3.17 ml of anhydrous ether cooled to 0” was added all at once a solution of 68 mg of 
silver tetrafhtoroborate in 0.33 ml of anhydrous ether cooled to 0”. Method C: same as method B 
except that the concentration of the reagents is decreased to one-tenth. Method D: a solution of 50 mg 
of the glycosyl chloride in 9.7 ml of anhydrous ether was added dropwise during 10 min to a solution 
of 34 mg of silver tetrafluoroborate in 7.8 ml of anhydrous ether. Method E: a solution of 34 mg of 
silver tetrafluoroborate in 7.8 ml of anhydrous ether was added dropwise during 10 min to a solution 
of 50 mg of glycosyl chloride in 9.7 ml of anhydrous ether. 

coordinate with active fluorine of an organic compound to yield the tetrafluoroborate 

ion (BF,) in which each fluorine atom is equivalent. In ether, the reverse reaction 

from glycopyranosyl fluorides and boron trifluoride etherate, to give the glycopryanosyl 

tetrafluoroborate ion-pair, is prevented owing to the stability of the boron trifluoride 
etherate. However, in toluene the reverse reaction can easily take place. 

An unexpected result was obtained in the reaction of 2,X,4,6-tetra-0-ace@&-& 

glucopyranosyl chIoride with silver tetrafluoroborate. In ether. the reaction was 

complete in 5 min at 0” and 2,3,4,6-tetra-0-acetyl-cz- and -/3-D-g!ucopyranosyl 

fluorides were obtained in 48 and 33% yields, but 1,2-0-acetoxonium-3,4,6-tri-O- 
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acetyl-a-D-ghIcopyranose tetrafluoroborate’ 3 could not be obtained. When the reac- 
tion mixture was kept for 15 h at room temperature, it was shown by g.1.c. that the 

product was an equilibrated mixture of the anomers, and 2,3,4,6-tetra-O-acetyl-a-D- 
glucopyranosyl fluoride was isolated in 81.5% yield. The preponderant formation of 
the Cr-D-ghIcOSyl fluoride can be explained by considering an equilibrium between the 
glycosyl fluorides and boron trifluoride, the 1,2-U-acetoxonium tetrafluoroborate 
(II), and the glycosyl tetrafluoroborate (6), which would favor the more stable 
a-D-glucosyl fluoride since boron triAuoride is stabilized as the etherate. In other 
words, it is shown that, even in the presence of a large excess of ether, boron trifluoride 
etherate can be equilibrated with the tetrafluoroborate ion. The boron trifluoride 
abstracts fluorine from an organic compound having an active fluorine substituent, 
provided that the compound has an acetoxy group (a good neighboring group for 
participation) trans-disposed to a vicinal fluorine atom. It has also been reported 
that methyl tetra-O-acetyl+D-glucopyranoside is easily anomerized14 with titanium 
tetrachIoride, whereas anomerization of methyl 3,4,6-tri-O-acetyl-2-chloro-2-deoxy- 
B-D-glucopyranoside is very difficult’ 5_ 

The D-gIucosy1 auorides were also obtained in similar yields when 1,2-O- 
acetoxonium-3,4,6-tri-O-acetyI-cc-o-glucopyranose tetrafluoroborate was treated with 
anhydrous ether at 0”. 

A surprising resuIt -was obtained when a mixture of 2,3,4,6-tetra-O-acetyi-a-D- 
glucopyranosyl chloride and silver tetrafluoroborate in 1,Zdichloroethane was 
stirred for one h at 0”. In this reaction an anomeric mixture of D-glucopyranose 
pentaacetates (9.4%) was obtained, together with I&3,4,6-tetra-O-acetyl-U-D-gluco- 
pyranosy1 fluoride (29.5%) and a partialIy hydrolyzed compound (about 48%). The 
yield of the pentaacetate was increased to 17% when the reaction was performed at 
room temperature. The formation of the pentaacetate cannot yet be interpreted fully. 
Acetylation of the partially hydrolyzed compound gave mainly a-D-glucopyranose 
pentaacetate. Isolation by preparative t.1.c. gave 2,3,4,6-tetra-0-acetyl-D-glucose. 
which was assumed to form by hydrolysis of the 1,2-0-acetoxonium tetrafluoroborate. 
Althoumh Paulsen13 has isolated 1,3,4,6-tetra-O-acetyl-cc-D-glucopyranose by this 
hydro&s, the difference may be attributed to the difference of the reagent for the 
hydrolysis. 

When the reaction was performed for 24 h at - 15” the tetra-0-acetyl-D-glucose 
portion was the major product together with small proportions of tetra-U-acetyl-a-D- 
giucopyranosyl fluoride and a penta-0-acetyl-D-glucose. This result can reasonably 
be interpreted by considering that in 1,Zdichloroethane the equilibrium mentioned 
above is inclined to the i,2-O-acetoxonium tetrafluoroborate ion, since boron 
trifiuoride does not form a complex with 1,Zdichloroethane. 

EXPERIhlENTAL 

General. - Melting points were measured with a Monoscope (H. Both, 
Frankfurt am Main, Germany) and are uncorrected. N.m.r. spectra were measured 
in chloroform-d with a Varian A-60 spectrometer. Tetramethylsilane was used as an 
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internal reference. Specific rotations were measured in chloroform with a Perkin- 
Elmer Model 141 polarimeter. Solvents were evaporated under diminished pressure 
below 35” with a rotary evaporator. Preparative t.1.c. were performed by using 
Silica Gel G (E. Merck AG, Darmstadt, Germany) with 1:l benzene-ether as the 
developer. Zones were detected, after spraying with 0.01% morin solution in methanol, 
in U.V. light as bright yellow bands. The zones were collected, and extracted with 
dichloromethane containing a small proportion of methanol. Silver tetrafluoroborate 
was prepared by Olah’s methodI and purified by Meerwein’s method’ ‘. 

3,4,6-Tri-0-aceryl-2-chioro-Z-deoxy-a- (7) and -j?-D-glucopyranosyijfuorides (8). 
- A. In ether. To a solution of 136 mg of silver tetrafluoroborate in 4.6 ml of 
anhydrous ether cooled to 0” was added at once 200 mg of 1 with stirring. After 
stirring for 15 min the mixture was poured into ice-cold, 10% sodium hydrogen 
carbonate solution. The organic layer was separated and the water layer was extracted 
with dichloromethane. The combined ether and dichloromethane extracts were 
washed with water, dried with sodium sulfate, and evaporated. The product was 
fractionated by preparative t.1.c. From the faster-moving zone (RF 0.68) 115 mg 
(60.5%) of7, m.p. 98.5-99.5”, [a]L’+152.3+1.8” (c 1.064)[lit.‘m.p. 95-97”, [a]k5-+ 
203” (c 1.13, chloroform)], was obtained as colorless leaflets after recrystallization 
from ether and petroleum ether (b.p. 30-50”). From the slower moving zone (RF 0.63) 
33.7 mg (17.7%) of 8, m.p. 79.5-SOS”, [a]L1+92.3t 1.3” (c 0.997) pit_’ m-p. 77-78”, 
ca]g + 124” (c 1.13, chloroform)], was similarly obtained as colorless leaflets_ Both 
compounds showed only one peak on g.1.c. and were proved to be identical with 
authentic samples prepared by Hall’s method’. When 200 mg of 3,4,6-tri-O-acetyl-2- 
chloro-2-deoxy-j?-D-glucopyranosyl chloride (2) was treated as above, 7 and 8 were 
obtained in 62 and 15% yields, respectively. 

B. ILI toluene. To a solution of 136 mg of silver tetrafluoroborate in 7.4 ml of 
anhydrous toluene was added 200 mg of 1 at 0” with stirring*. After one h, the mixture 
was treated as above. Compounds 7 and 8 were obtained in 76.3 and 1% yields, 
respectively. In a similar manner, 7 and 8 were obtained in 77.2 and 1% yields from 2. 
Quantitative analysis by g.1.c. (see below) showed that in both cases 7 and 8 were 
obtained in a ratio of 95.5:4.5. 

3,4,6-Tri-O-acetylchloro-Z-deoxy-a- (9) and -j?-D-mannopyranosyl fluorides 

(10). - A. In ether. When 3,4,6-tri-O-acetyl-2-chloro-2-deoxy-a- (3) or -/?-D-manno- 
pyranosyl chloride (4) was treated as in the case of 1,9 (RF 0.67), m-p. 122.5--123.5”, 
[a]g-17.3f0.6” (c 1.021), [lit.’ m.p. 120-121”, [a];‘--23.4” (c 0.96)]; and 10 

(RF 0.49), m.p. 88.5-89.5”, [a]‘,’ - 44.8+O.V (c 1.038), were obtained in 70 and 18% 
yield from 3, and 72.8 and 19.8% yields from 4, respectively. 

Anal. Calc. for C,,H,&lFO, (10): C, 44.11; H, 5.28; Cl, 10.85; F. 5.82. 
Found: C, 44.40; H, 5.11; Cl, 11.10; F, 5.69. 

Compound 9 proved to be identical with an authentic sample’. 

*Although in a preliminary report it was reported that 2 moles of silver tetrafluoroborate was needed, 
it is found that 1.2 moles is sticient. 
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B. In ioluene. When 3 or 4 was treated as in the case of 2, compounds 9 and 10 
were obtained in 91 and 1% yields in both cases. Quantitative analysis by g.Lc. 
showed that 9 and 10 were obtained in a ratio of 98.9: 1.1. 

Quantitative analysis by g.1.c. of 7, 8,9, und 10. - G.1.c. analysis was performed 
with a Yanagimoto Gas Chromatograph GCG-550F (Osaka, Japan) equipped with 
a flame-ionization detector by using a 75 cm x 3 mm inside diameter stainless-steel 
column packed with 1.5% XE-60 on Gaschrom Q (SO/100 mesh) under the following 
conditions: column temperature, 133’; injection temperature, 15S’; nitrogen as a 
carrier gas, 0.9 kg. cm-‘, 89 ml. min-‘; hydrogen, 40 ml. min- ‘. 3,4,6-T&U- 
acetyl-l,5-anhydro-2-deoxy-D-arabino-hexitol (dihydro-D-glucal triacetate) was used 
as the internal standard. Retention times in min were: 7, 5.83; 8, 7.5; 9,4.5; IO, 13.3; 
the standard, 3.25. Areas were determined by the product of the peak height and width 
at half-height. To establish identity, comparisons were made both by retention 
times and by simultaneous. injection of a pure compound with a compound to be 
tested to observe peak enhancement. 

1?,3,+#,6-Terra-O-acetyha- (12) and -/?-D-ghcopyra?zosyI fluorides (13). - To a 
solution of 140 mg of silver tetrafluoroborate in 7 mI of anhydrous ether was added 
at once 220 mg of 2,3,4,6-tetra-O-ace@-a-D-glucopyranosyl chloride (5) at 0” with 
stirring. After 15 min the mixture was treated as above in the preparation of 7 and 8. 
The product (209 mg) was fractionated by preparative t.1.c. From the portion having 
RF 0.52 101 mg (48%) of 12, m-p. 108-110”, was obtained. Recrystallization from 
ether gave pure 12 as prisms, m-p. 11 I-1 12”, [alp i-90.9 t_ 1.2” (c 1.106) (lit.’ m.p. 
lOSo, [aI’d; +90.1”). From the portion having R, O-45,71 mg (33%) of 13, m-p. 81-84’, 
was obtained by crystallization from ether and petroleum ether. Recrystaliization from 
ether gave pure 13 as prisms, m.p. 88-89”, [alp + 19.8&0.5” (c 1.103) (lit. loB1 ’ m.p. 
S7-89”, [a]$‘f20” (ref.10); m.p. 85-87”, [a}: + 19.48” (ref. 11). 

When a suspension of 1,2-O-acetoxonium-3,4,6-tri-O-acetyl-a-~-glucopyranose 
tetrafiuoroborate’ 3 in anhydrous ether was stirred at 0”, the compound dissolved 
gradually and after one h the mixture became clear. Treatment as above gave 12 and 13 
in 49 and 24% yields, respectively. 

When the reaction mixture from 5 and silver tetrafluoroborate was kept for 
15 h at room temperature, compound 12 was obtained in 8 J 5% yield. 

Reaction of 5 with silver tetr@?zloroborate in 2,2-dicldoroethane. - To a soiution 
of 140 mg of silver tetrafluoroborate in anhydrous 1,Zdichloroethane was added 
220 mg of 5 at 0” with stirring. After 1.5 h, the mixture was treated as before. From 
the portion having RF 0.52,62 mg (29.5%) of 12 (m.p. I1 l-l 12”) was obtained. From 
the portion having RF 0.39, 22 mg (9.4%) of syrup was obtained. The syrup was 
proved to be a mixture of cz- and B-D-glucose per&acetates by comparison of i-r. and 
n.m.r. spectra, and by t.1.c. and g.1.c. From the portion having RF 0.21 (100 mg), 
10 mg of a crystalline compound, m.p. 116119”, or sometimes m.p. 120-124”, 
[a]:: -i- 8.4+0.5” (c 0.960) was obtained. This product was identical with 2,3,4,6-tetra- 
O-acetyi-D-glucopyranose prepared by Lemieux’s method”. Lemieux and Morgan 
did not crystallize it but we did; m-p. 116-I 19” or m.p. 120-124“, [z];’ +6.8+0.4” 
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(c 1.080). Acetylation of the mother liquor gave mainly a- and /I-D-glucopyranose 
pentaacetate (g.1.c.). 

When the reaction was performed for 25 min at room temperature, penta-O- 
acetyl-a$-D-glucopyranose was formed (yield 17%) from which penta-U-acetyl-cr-n- 
glucopyranose, m.p. 114116”, [ali + 102.42 1.4” (c 1.002) was obtained. This 
product was identical with an authentic sample by comparative i-r. and n.m.r. spectra, 
t.1.c. and g.1.c. In this reaction 12 and tetra-U-acetyl-D-glucopyranose were obtained in 
25.8 and 27% yield, respectively. 

When the reaction mixture was kept for 24 h at -2O”, t.1.c. of the product 
showed that main product was tetra-0-acetyl-D-glucopyranose together with a small 
proportion of 12 and penta-0-acetyl-D-glucose. Crystallization of the tetra-U-acetyl- 
D-glucose portion from ether and petroleum ether, and then from ether, gave 2,3,4,6- 
tetra-0-acetyl-D-glucose. 

G.Z.c. of 12,13, andpenta-0-acetykt- and -/I-D-ghcopyranose. - G.1.c. analyses 
of these compounds were performed with a 75 cm x 3 mm (inside diameter) stainless- 
steel column packed with 1.5% DEGS on Gaschrom Q (80/100 mesh) under the 
following conditions: column temperature, 180”; injection temperature, 210°; nitrogen 
as a carrier gas, 1.07 kg. cm-‘, 43.5 ml _ min-1 ; hydrogen, 30 ml. rnin-‘. Retention 
times in min were: 12,2.0; 13, 2.9; a-D-glucose pentaacetate, 5.9; /?-D-glucose penta- 
acetate, 7.5. 
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PART IV. OLEFTNIC MONOHYDRAZONES AND ANHYDRO BiS(HYDRAZONES)* 
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ABSTRACT 

Acetylation and benzoylation of dehydro-L-ascorbic acid phenylhydrazone 
result in the formation of olefinic derivatives; treatment of the bis(phenylhydratone) 
mono-p-toluenesulfonate with sodium iodide affords an anhydro derivative having 
a diazine ring. 

DISCUSSION 

In continuation of our workld3, we have synthesized dehydro-L-ascorbic acid 
monophenylhydrazone4 (1) from dehydro-L-ascorbic acid and I-acetyl-2-phenyl- 
hydrazine. The n.m.r. spectrum of 1 in pyridine-c-/, showed the C-4 proton as a doublet 
at 6 5.5 p.p.m., split by the C-5 proton (J2 Hz); the latter appeared as a triplet at 
6 4.8 split by the C-6 protons (J6 Hz); a minor coupling-constant of 2 Hz, caused 
by the C-4 proton, was observed in each branch of the well-defined triplet. The C-6 
methylene protons appeared as a doublet at 6 4.2 (J 6 Hz), and the imino proton as 
a singlet at 6 9.2. 

Acetylation or benzoylation of I caused simultaneous dehydration and for- 
mation of optically inactive olefinic compounds (2b and 2~); a similar dehydration 
to azoethylenes is known to occur on acetylation of sugar hydrazones5*6. The n.m.r. 
spectrum of 2b showed one acetyl group at 6 2.2, a doublet at 6 4.9 (J 6 Hz) attributed 
to the C-6 methylene group, and a triplet of one-proton intensity at 6 6.0 (J 6 Hz) 
assigned to the adjacent C-5 proton. The spectrum of benzoate 2c was very similar; 
it showed a doublet at 6 5.2 (J 6 Hz) and a triplet at 6 6.2 (J 6 Hz). The imino protons 
appeared at 6 12.5 for 2b and at 6 10.0 for 2c. Benzoylhydrazine converted 2b into a 
crystalline hydrazone, but phenylhydrazine gave an amorphous product from which 
3a could not be obtained by deacetylation. 

The n.m.r. data given indicate clearly that dehydro-L-ascorbic acid mono- 
phenylhydrazone (1) and its olefinic acetate (2b) and benzoate (2~) exist in the 1,4- 
lactone form. As compound 1 can be converted quantitatively into the bis(phenyl- 
hydrazone) without evidence of ring opening (such as the formation of azo- 

*Dedicated to the memory of Professor M. L. Wolfrom. 
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pyrazolones2), it must beconcluded that dehydro-r-ascorbic acid bis(phenylhydrazone) 

and its dehydro derivative3 exist also in the I+lactone form (structures 3 and 4), 
not in the 1,5-Iactone form suggested earlier. 

2 / . 
Ph 5 

p-Toluenesulfonylation of 3a yielded the mono- (3d) and di-p-toluenesulfonates, 
depending on the reaction time. The primary sulfonyloxy group of 3d reacted with 
sodiumiodide in acetone yielding, by nitrogen participation, the anhydro derivative 5a. 

Compound §a showed one imino proton at 6 11.0 instead of two for the parent 
osazonei (3a). The methyleneprotons resonated at 6 3.6 and 6 4.2, the C-5 proton at 
8 4.4 (multiplet), and the C-4 proton at 6 5.0 (doublet, J 5 Hz). Acetylation, benzoyl- 
ation, and p-toluenesulfonylation of Sa afforded Sb, 5c, and 5d, respectvely, and 
treatment with alkali converted 5a into a hydrate which, on acetylation, gave 5b. 

Treatment of dehydro-L-ascorbic acid bis@henylhydrazone) di-p-toluene- 
sulfonate with sodium iodide afforded the 6-iodo-5-O-p-tolylsulfonyl derivative; no 
anhydro or olefinic derivative was detected. 

EXPERIMENTAL 

General. - 1-r. and U.V. spectra were recorded with Unicam SP-200 and SP-800 
spectrophotometers. The n.m.r. spectra were measured in pyridine-ds on Varian 
A-60 and T-60 spectrometers. 

Dehydro-L-ascorbic acid iIIono(phelly~llydra=olle) (1). - A solution of dehydro- 
L-ascorbic acid, obtained by oxidizin g a solution of L-ascorbic acid (10 g) with an 
excess of iodine in ethanol, was heated for 30 min on a boiling-water bath with 
I-acetyl-Z-phenylhydrazine and a few drops of acetic acid. After one week at room 
temperature, the monohydrazone was filtered off, and recrystallized from ethanol; 
yellow needles, m.p. 167-170”; It::,” 234, 246 (sh), 254, and 376 nm (log E 4.05, 3.98, 
3.94, and 4.34), AZ:,” 252 and 292 nm (log E 3.93 and 3.25); ~2:: 1675 (CQ), 1755 
(COO), and 3400 (OH) cm-‘. 

Anal. Calc. for C,,H12NZOs: C, 54.5; H, 4.6; N, 10.6. Found: C, 54.4; H,4.6; 
N, 10.5. 
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Heating of 1 with an equivalent of phenylhydrazine in ethanol for 5 min gave 
the bis(phenylhydrazone) 3a in quantitative yield; m.p. and mixed m-p. 223”. 

OIefinic mono(phezzylhydrarone) acetate (2b). - A solution of dehydro+ 
ascorbic acid mono@henylhydrazone) (1; 0.5 g) in pyridine (10 ml) was treated with 
acetic anhydride (7 ml), and the solution was kept overnight at room temperature. 
The mixture was poured onto crushed ice, and the product was filtered off, washed 
with water, and recrystallized from chloroform-ethanol; yellow needles, m-p. 158-I 6 1 O; 
AEtoH 223 (sh) 239, 356 (sh), 275 (sh), and 374 nm (log E 4.12, 4.14, 3.92, 3.84, and mnx 
4.30), Lz,‘i”,” 31’2 nm (log E 3.83); vzi 1670 (CO), 1735 (OAc), and 1780 (COO) cm-‘. 

Anal. Calc. for C,JH,2N,0,: C, 58.3; H, 4.2; N, 9.7. Found: C, 58.3; H, 4.1; 
N, 10.0. 

Benzoylhydrazone of 2b. - Heating an ethanol solution of 2b with an equivalent 
of benzoylhydrazine and a few drops of acetic acid afforded the benzoylhydrazone, 
m.p. 203-204”. 

Anal. Calc. for C,,H,,N,O,-H,O: C, 59.5; H, 4.7; N, 13.2. Found: C, 59.8; 
H, 4.9; N, 13.2. 

Olefnic zzzo~zo@/zenyllzydrazone) bezzzoafe (2~). - A solution of 1 (0.5 g) in 
pyridine (10 ml) was treated with benzoyl chloride (2 ml) for 24 h at room temperature, 
and then poured onto crushed ice. Compound 2c crystallized from chloroform- 
ethanol in yellow needles, m.p. 156-159”; I_..~ _ ‘E’oH 733, 275 (sh), 282 (sh), and 374 nm 
(log ~4.42,3.96,3.93, and4.31), ?.EiH 300 nm (log E 3.89); v:z: 164O(CO), 1708 (OBz), 
and 1780 (COO) cm-‘. 

Anal. Calc. for Ci9HISN20j: C, 65.1; H, 4.0; N, 8.0. Found: C, 65.3; H. 3.9; 
N, 8.3. 

Dehydro-L-ascorbic acid bis(pkezzyl/zydrazone) nzozzo-p-toIuezze.sztlfolrate (3d). 
- Dehydro-L-ascorbic acid bis(phenylhydrazone) (1 g) in pyridine (20 ml) was 
treated with p-toluenesulfonyl chloride (1 g), and the mixture was kept overnight at 
room temperature. The mixture was poured onto crushed ice, and the product 
(0.9 g) was filtered off, washed, and recrystallized from chloroform-ethanol; orange- 
red needles, m.p. 190-192”; J.zgH 206,228,262,282 (sh), 353, and 445 nm (log E 4.18, 
4.23,4.2,4.13, 3.88, and 4.19), 1::” 214, 242, 321, and 387 nm (log E 4.09, 3.99, 3.61, 
and 3.71); ~2:: 1600 (CN), 1740 (COO), and 3500 (OH) cm-‘. 

Anal. Calc. for C,,H,,N,O,S: C, 59.0; H, 4.8; N, 11.0. Found: C, 59.4; 
H, 4.9; N, 10.5. 

DeJ?ynro-L-ascorbic acid bis(phenylJzydrazone) di-p-tolzteneszd$ozzate. - Dehydro- 
L-ascorbic acid bis(phenylhydrazone), or 3d (0.5 g) in pyridine (20 ml) was treated 
with p-toluenesulfonyl chloride (I g)_ The mixture was kept for two days at room 
temperature, and poured onto crushed ice. The product was recrystallized from 
chloroform-ethanol; red needles, m-p. 175-177”; 2::” 207, 228, 262, 285 (sh), 356, 
and 453 nm (log ~4.00, 4.15, 3.91, 3.75, 3.58, and 3.86), J~~“213, 243, 324, and 
390 nm (log E 3.96, 3.77, 3.33, and 3.43); ~2: 1600 (CN) and 1725 (COO) cm-‘. 

Anal. Calc. for C,,H,,N,O&,: C, 5S.0; H, 4.6; N, 815. Found: C, 57.7; H, 4.4; 
N, 9.0. 
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Anlzydride of dehydro-L-ascorbic acid bti(phenylhydratone) (5a). - A solution 
of ester 3d (0.5 g) and sodium iodide (0.6 g) in dry acetone was heated for 2 h in a 
sealed tube at 100”. After the precipitated sodium p-toluenesulfonate had been 
filtered off, the acetone solution was concentrated, and then diluted with water. The 
anhydro derivative crystallized from chloroform-ethanol in orange needles; m-p. 
257-259” - AzgH 206,262,285,353, and 450 nm (log E 4.17,4.23,4.18,3.96, and 4.34), 
RggH 221: 273, 320, and 390 nm (log E 3.87, 4.14, 3.56, and 3.76); vi:: 1600 (CN), 
1740,1755 (COO), and 3400 (OH) cm-‘. 

And. Calc. for C,,H,,N,O,: C, 64.3; H, 4.8; N, 16.7. Found- C, 64.0; H, 4.6; 
N, 17.0. 

A suspension of the anhydro derivative 5a (0.1 g) in 2~ sodium hydroxide 
(10 ml) was heated for a few minutes at 70-80” untii complete dissolution occurred. 
On acidification with acetic acid, the hydrate separated; it was recrystallized from 
ethanol-water in orange needles, m.p. 170-173”. 

Anal. Caic. for ClgH16N40J -HzO: C, 61.0; H, 5.1; N, 15.8. Found: C, 61.1; 
H, 5.0; N, 16.2. 

Acetate 5b. - Method A. The anhydro bis(nhenylhydrazone) 5a or its hydrate 
was acetylated with acetic anhydride in pyridine. The acetate had m-p. 289-291”; 
I.zzH 205,260,285,356, and 450 nm (log E 4.02,4.18,4.11,3.88, and 4.28), E.EEH 221, 
272, 318, and 386 nm (log E 3.85,4.08, 3.51, and 3.77); v=i 1590 (CN), 1740 (OAc), 
and 1770 (COO) cm-‘. 

Anal. Calc. for &H,,N,O,: C, 63.5: H, 4.8; N, 14.8. Found: C, 63.2; H, 5.1; 
N, 15.2. 

Method B. The same product was obtained by refluxing a solution of ester 3d 

(0.2 g) and sodium iodide (0.5 g) in acetic anhydride (10 ml) for 30 mm, and pouring 
it onto crushed ice. 

Bemoate 5c. - Benzoylation of anhydro derivative 5a with benzoyl chloride 
in pyridine, in the usual way, afforded yellow needles from chloroform-ethanol; 
m-p. 254-255”; 3.zEH 206, 234, 259, 276 (sh), 283, and 446 nm (log E 3.92, 4.09, 4.01, 
3.93,3.94,3.69, and 4.1 I), %EgH 214,247, 272,319, and 384 nm (Iog E 3.78,3.96,3.71, 
3.26, and 3.56); vk:i 1600 (CN), 1720 (OBz), and 1765 (COO) cm-‘. 

Anal. Calc. for C,,H,,N40,: C, 68.2; H, 4.6; N, 12.7. Found: C, 68.2; H, 5.0; 
N, 12.4. 

p-ToZztezzesulfonate 5d. - The anhydro derivative 5a (0.1 g) in pyridine (5 mI) 
was treated with p-toluenesulfonyl chloride (0.2 g). The mixture was kept for five days 
at room temperature, and then poured onto crushed ice. The product was recrystallized 
from chloroform-ethanol; m.p. 225-228”; ;rzzH 207, 228, 259, 275 (sh), 283, 354, 
and 446 nm (log E 4.12,4.25,4.19,4.10,4.11,3.89, and 4.27), ,IzEH 212,242,271,318, 
and 384 nm (log ~4.08,4.06,4.09,3.49, and3.75); ~2: 1590 (CN) and 1775 (COO) cm-‘. 

Anal. Calc. for &H2,N,0,S; C, 61.2; H, 4.5; N, 11.4. Found: C, 61.2; 
H, 4.3; N, 11.8. 

6-Deoxy-6-iodo-5-O-p-tolylsulfonyl derivative of dehydro-L-ascorbic acid bis- 

(pIzenyl/zydrarone). - A solution of dehydro-L-ascorbic acid bis(phenylhydrazone) 
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di-p-toluenesulfonate (1 g) and sodium iodide (1 g) in dry acetone (20 ml) was heated 
in a sealed tube for 2 h at 100”. The product crystahized from chloroform-ethanol 
in orange needles; m-p. 193-195”; I.,,,,, EtoH 221, 290, and 370 nm (log E 4.46, 4.5 1, and 
3.95), lsE,(io,” 255 and 347 nm (log E 4.20 and 3.93); vz; 1620 (CN) and 1725 (COO) cm-‘. 

Anal. Calc. for C,,H,,IN,O,S: C, 48.6; H, 3.8; N, 9.1. Found: C, 48.4; 
H, 3.4; N, 9.4. 
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ABSTRACT 

The synthesis and characterization of 3-o-(2,3,4,6-tetra-O-benzyl-E-D-gluco- 
pyranosyl)-N-(2,4_dinitrophenyl)+serine and -threonine methyl esters are described. 
The kinetics of base-catalyzed elimination were determined to be pseudo-first-order 
under various conditions of reaction for these glycosides as well as for the analogous 
3- O-(2-acetamido-3,4,6-tri- O-acetyl-2-deoxy-B-D-glucopyranosyl)-N-(,4-dinitro- 
phenyl)-L-serine and -threonine methyl esters. The marked base sensitivity of 3-0- 
glycosides of substituted amino acids is emphasized. These data are useful in structural 
studies on such glycosidic linkages in naturally occurring glycopeptides. 

INTRODUCTION 

Standard methodology for determining the presence of 0-glycosidic linkages 
to 3-hydroxy amino acids’-3 in glycopeptides involves use of base-catalyzed elimi- 
nation4 of the glycosyl residue (mono- or oligo-saccharide) followed by reduction of 
the double bond concomitantly introduced into the amino acid portion5-8. The 
susceptibility of glycosidic linkages at the 3-position of serine and threonine to elimina- 
tion reactions was first pointed out by Anderson and Meyer9 and also by Tanaka 

and Pigman . lo The base lability of this particular glycosidic linkage has been tested 
on appropriate model compounds by several investigators2-3*1 ‘-’ ‘_ The elimination 
of various leaving groups from substituted 3-hydroxy acids was studied in great 
detaif by Linstead” and has been reviewed by Cramlg, Banthorpe”, and McLennon4. 

The evidenFe presented by Koshland”, Bunnett’*, or Photaki23*‘4 for ease 
of elimination reactions with substituted 3-hydroxy-2-amino acids does not delineate 
clearly either tht: ElcB mechanism4 or the concerted E2 reaction”‘. However, the 
ease of racemization of other substituted 2-amino acids does reflect the acidity of the 
2-proton _ 2 S* This is particularly true when a third, strong, negative inductive-effect 
is introduced at the 2-proton by substituents on the amino acid chain in addition to 

*Dedicated to the memory of Professor M. L. WOLFROM. 
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the contributions from the substituted Zamino and carboxyl groups. Photaki23V’4 
and Riley” found that the nature of the group eliminated from substituted 3-hydroxy 
amino acids was less a rate-determining factor than solvent or base type. 

The present work does not differentiate specifically the above two mechanisms 
of elimination from O-glycosyl derivatives of hydroxy amino acids. Kinetic data are 
presented for the elimination of variously substituted monosaccharides in glycosidic 
linkage to L-serine and threonine. These rate data might be useful in filture structural 
work on glycoproteins. The benzyl and acetyl substituents were chosen for these 
monosaccharide leaving groups as representative of widely differing group polarities 
which should mirror various solvation effects and, consequently, susceptibility to 
base-catalyzed reaction. In addition, the perbenzylated D-glucopyranosyl glycosides 
synthesized for this study are a-D-linked to r_-serine (1) and L-threonine (2), respectively, 
whereas the peracetylated 2-amino-2-deoxy-D glucopyranosyl glycosides to L-serine’ 
(3) and L-threonine3 (4) possess the P-D configuration. The N-dinitrophenyl blocking 
group on the 3-hydroxy amino acid esters was found useful as a chromophore in the 
spectrophotometric monitoring of the reaction. No previous reports of actual kinetic 
rate-constants for this elimination reaction are known to the authors. The sensitivity 
to U.V. absorption exhibited by the 2,4_dinitrophenyl group permitted determination 
of very small changes in substrate concentration. 

D:SCUSSION 

3-0-(2,3,4,6-Tetra-O-benzyl-a-D-glucopyranosyl)-N-(2,4-djnitrophenyl)-r-serine 
methyl ester (1) and its L-threonine analog (2) were synthesized by established 
methods’ ‘-’ i_ Although an anomeric mixture is expected from the glycosidation of 
2,3,4,6-tetra-O-benzyl-r-D-glucopyranosyl chloride, the preponderant products in the 
syntheses of 1 and 2 were a-D-linked, as shown by n.m.r. spectroscopy and optical 
rotatory power. Comparison of these results is shown in Table I for glycosides 1-5 
and their respective aglycons. Application of Hudson’s rules of isorotation32-33 as 
well as the Karplus spin-coupling relationship33 suggests the configurations assigned. 
Since the present syntheses were completed, an improved route to 2,3,4,6-tetra-O- 
benzyl-a-D-glucopyranosyl chloride has been published34. 

The lesser products of the glycosidation (see Experimental section) are thought 
to be either the product of racemization in the amino acid moiety of a single anomer, 
or the other possible anomer. In any case, although the a-D-linked glycoside pre- 
ponderated in each reaction, a substantial proportion of a second characterizable 
glycoside was present in both mixtures. The anomeric distribution during glycosid- 
ation of tetra-O-benzyl-D-glucosyl chloride with suitably blocked hydroxy amino 
acids is under detailed study3 ‘. A syrupy p roduct (in 6% yield) from the glycosidation 
of N-(2&dinitrophenyl)-L-threonine methyl ester was identified as 3-O-benzyl-N- 
(2&dinitrophenyl)-L-threonine methyl ester. By way of explanation, the cleavage of 
U-benzyl groups during the formation of 2,3,4,6-tetra-U-benzyl-D-glucosyl chloride3’ 
could have led to benzyl chloride in the presence of thionyl chloride, which in turn 
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TABLE I 
N.M.R. AND OPTICAL ROTATORY DATA FOR CL-D AND 8-D LINKED 3-0-GLYCQSIDES OF 1=+(2/bDINITRG- 

PHENYL)SERlNE AND THREONINE 

Cotttpormd Name [a]2 Ct’tenrical Jl,, 2. (Hz) 
shift 
H-l ’ (7) 

3-0-(2,3,4,6-tetra-0-benzyk-D-gluco- 
pyranosyl)-ZV-(2,4-dinitrophenyl)-L-serine 
methyl ester 

3-O-(2,3,4,6-tetra-0-benzyl-a-D- 
gIucopyrdnosyl)-N-(2,4_dinitrophenyI)-r- 
threonine methyl ester 

3-0-(2-acetamido-3.4,6-tri-0-acetyl-2-deoxy- 
B-D-glucopyranosyl)-N-(2&dinitrophenyl)- 
L-serine methyl ester” 

3-O-(2-acetamido-3,4,6-tri-0-acetyl-2-deoxy- 
B-o-glucopyranosyl)-N-(2,4_dinitrophenyl)- 
or-threonine methyl ester3 

4-0-(2-acetamido3,4,6-tri-0-acetyl-2-deoxy- 
z-D-glucopyranosyl)-IV-(2&dinitrophenyl)- 
hydroxyproline methyl esteP 

N-(2,4_dinitrophenyl)-L-serine methyl ester2 
1%(2,Pdinitrophenyl)-L-threonine methyl ester 
N-(2,4-dinitrophenyl)-DL-threonine methyl 

ester3 

+27” 5.13 3 

f24” 4.95 3.5 

-37” 5.11 9 

i-4” 5.06 8.5 

-400” 5.20 9 

-26O 
- 54” 

0” 

might have benzylated some of the L-threonine derivative present. The use of the 
purer glycosyl chloride mentioned above3’ could preclude such complications. 

Stability to base and base-catalyzed elimination data are summarized in 
Tables 11-V. The isolation of 2-(2,Pdinitroanilino)acrylic acid methyl ester and the 
crotonic acid anaIog from these elimination reactions followed procedures previously 
developed3 6. The considerably lower rate of formation of 2-methoxycarbonyl-B 
nitrobenzimidazole-l-oxide from the 2-(2,4_dinitroaniIino)acrylate and crotonate36 
caused no interference with pseudo-first-order plots for the elimination reactions. 
Other than this latter side-reaction, no rearrangement or hydrolysis of the unsaturated 
amino acids was detectable, nor was the carbohydrate portion degraded under the 
conditions employed. 

In general, the rate constants given in Table II are illustrative of behavior 
documented for other such elimination reactions18-20. As shown by Photaki23*24, 
for b&z-eliminations from cystine, the nature of the leaving group is of less impor- 
tance than the nature of the solvent and base, as well as the type of substitution on 
the nitrogen atom and carboxyl group of the amino acid. Rough calculations from 
Derevitskaya’s work14 on the elimination of monosaccharide from serine indicate 
that the rate constants would be comparable with those in Table II, assuming a 
linear disappearance of the glycoside. The kinetic data presented here are reproducibIe 
within a few percent error, and computerized least-squares treatment of the data 
gave reproducibIe, linear, first-order plots. 
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TABLE II 

KINETIC RATE CONSTANTS FOR FOUR 3-0-GLYCOSYL AMINO ACIDS UNDER \‘ARIOUS CONDITIONS OF 

/t?-ELIMINATIONa 

CoIllpolnldb Temperature Solcent Basea k 1112 
(mm0 /es/l) (h-1) 

25” 
3.5” 
25” 

25O 
25; 

50” 
25” 
25” 

Methanol 
Methanol 
Methanol 
Methanol 
Methanol 
Methanol 
Methanol 
Tetrahydro- 

furan 

1.2 x IO-’ 3.3 0.2 
1.2x IO-” 0.4 1.7 
1.2 x IO-” 0.3 2.0 
1.2 x 10-e 4.6 0.15 
5 x 10-s 0.009 75 
5 x 10-s 0.024 28.4 
None 0.004 I42 
1.0x 10-r 0.35 I .97 

“Concentration of substrate 2.4 x 10-l mmoles/l. Pseudo-first-order rate plots for reactions as 
described in Experimental with sodium-carbonate catalysis. bSee Table I for compounds corre- 
sponding to numbers. 

There are no immediate explanations for the differences in rates shown in 
Table II observed for compounds l-4 under identical reaction conditions. Solvation 
of the intermediate carbanion could possibly be one stabilization factor, if the ElcB 
mechanism of elimination4 is assumed. A second possible factor in the change of rate 
from one monosaccharide type to another is the contribution attributable to solvation 
of the leaving group (benzylated US. acetylatedmonosaccharide). However, no clear-cut 
distinction exists. Thus, data for the elimination reaction occurring in methanol 
alone, without base (Table II), apply only to the acetylated monosaccharides 3 and 4. 
The reaction of 3 in methanol alone is undoubtedly an elimination reaction, because 
the resulting 2-(2,4_dinitroaniIino)-acrylic and -crotonic acid methyl esters from the 
reaction were isolated and identified. Solvation could play a significant role in this 

differentiation of 3 and 4 from 1 and 2 in alcohol (Table II). Contrasted to this 
behavior of 3 is the inertness of 1 in methanol alone without catalyst, as illustrated 
in Table 111-l. The order of magnitude of difference of rates between these leaving 
groups is not considered to be highly significant. Neither the extra methyl group on 

threonine nor the anomeric configuration of I-4 appear critical in affecting the rate. 
In fact, from our own data36 as well as those of others’ 8y23*24 there seems to be 
little difference in the rate of elimination of alkoxide or acylate anions from the 
amino acids as compared with these monosaccharide derivatives. 

Tables III, IV, and V list properties of individual glycosides: polarity of solvent, 
base type. concentration of substrate, and temperature for the elimination reaction. 
Data of this type are important for assessing stability of the compounds under 
various conditions of elimination. Pseudo-first-order plots were not made for each of 
the samples listed, although the data are entirely reproducible. Data listed for sodium 
carbonate parallel the reactivity in sodium methoxide and sodium hydroxide. 
Among the bases used, for a given solvent, the order of reactivity was: anionic 
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TABLE III 

DATA ON RELATIVE REACTIWTY FOR THE B-ELIMINATION OF 3-o-(2,3,4,6-TETRA-O-BENZYL-Z-D-CLUCO- 

PYRANOSYL)-N-(2,4-DINITROPHENYL)-L-SERINE METHYL ESTER (1) IX VARIOUS SOLVENTS AND WITH 

DIFFERENT BASES 

Solrent Base Concentration of base 
(nmoIesJl) 

Time % Glycoside 
reacteda 

1 Methanol 
2 Methanol 
3 Methanol 
4 Benzene 

5 N,N-Dimethylformamide 
6 N,N-Dimethylformamide 
7 NJGDimethylformamide 
8 Tetrahydrofuran 
9 Tetrahydrofuran 

10 Tetrahydrofuran 

3 days 
NanCOs 0.1 5 set 
NazC03 6 x IO-’ 20 min 

3 days 
1 day 

Et3N 1.7 x 103 1 day 
NazC03 0.1 3 set 

3 days 
NazC03 0.1 1 day 
EtsN 1.7 x 103 1 day 

0 
100 
75 

0 

0 
103 

100 

0 
100 
48 

“Concentration of substrate 2-4 x 10-l mmoles/l with reaction at 25”. 

base > amine > other Lewis bases (i.e., polar solvents). Interestingly, among these 
solvent-base selections the base is totally unable to produce dissociation of the 
proton under certain conditions. Of peculiarly poor proton-abstracting power was 
the benzene-triethylamine pair (Table W-3,6) and tetrahydrofuran-triethylamine 
(Table V-S). These data could reflect lack of formation of a carbanionic intermediate 
because of poor availability of base under the solvation conditions. 

TABLE IV 

DATA ON RELATIVE REACTIVITY FOR ~-ELIMINATION OF 3-O-(2-ACETAMIDO-3,4,6-TRI-0-ACETYL-2- 

DEO.YY-~-D-GLUCOPYRANOSYL)-~-(2,4-DTNITROPHENYL)-L-SER~~E hIETHYL ESTER’ (3) IN VARIOUS 
SOLVENTS WITH DIFFERENT BASES 

Solrent Tenrperuture Base BaseU 
~nimoles~l) 

Time % Glycoside 
reacteda 

1 Benzene 25’ 4 days 0 
2 Benzene 50= 3 days 0 
3 Benzene 25; Et3N 2.4 x IO-7 2 days 0 
4 Benzene 25” EtsN 2.4 x 10-a 2 days 0 
5 Benzene 25” Et3N 2.4 x 10-l 2 days 0 
6 Benzene 50i EtsN 2.4 x IO-1 3 days 0 
7 Tetrahydrofuran 25” 2 days 0 
8 Tetrahydrofuran 50’ 1 day Ii 

“Concentration of substrate 2.4 x 10-l mmoles/l. 

in Table 11, compound 3 is used to illustrate the effect of temperature on the 
rate of elimination. By raising the reaction temperature from 25” to 50” the kinetic 
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7 (32 mg. 90%). Recrystallization of the product from ethanol gave pure 7: m.p. I7 I - 
172” [&5 - 13.6” (c 0.65, chloroform); \I>$’ 3500, 3450 (OH), and 1773 cm- ’ 

(r-lactone); cd. LIE -0.759 (I mar 225 nm, c 0.0045, methanol), [f?]:$ -2507; n.m.r. 
[CDCI, and (CD,),CO]: r 3.95 (d, I, .I,,? 3.8 Hz, H-!), 5.03 (d, 1, J2,3 3.5 Hz, H-3), 
5.53 (q, I, H-2), 5.39, and 8.62 (2 s, 6, CH1). 

Artal. Calc. for CLOHLS07: C, 48.71; H, 5.73. Found: C, 48.45; H, 5.63. 
3-0-.~ce~~~l3-C-carbo.~~~i--1,2-O-isoprop~~idet~e-5-O-~os~~-~-~-gulo~trat~ose 4’,6- 

lacrorre (6). - Compound 5 (50 mg) was dissolved in anhydrous pyridine (I ml) at O=, 
p-toluenesulfonyl chloride (66 rng) \vas added, and the resulting solution was heated 
for two days at 50”. The cooled mixture was diluted with ice-water (5 ml) and 
estrocted with dichloromethane (3 x IO ml). The combined organic extracts lvere 
ILashed with saturated, aqueous sodium hydrogencarbonate (IO ml), dried. and 
evaporated to afford a syrup (80 mg). T.1.c. (developed with 3:l benzene-ethyl acetate) 
of the product indicated the presence of some starting material. Chromatograohy of 
the mixture on t.l.c.-grade silica (23 x I cm) developed with the same solvent afforded 
the pure sulfonate 6 (37 mg) in 61% yield (based on starting material consumed). 
Recrystallization of the product from benzene gabe an analytical sample; m.p. 160.5- 
l61”, [# -4S.9” (c 0.62. chloroform); n.m.r. (CDCI,): z 2.05 (m, 2. H-2’, H-15’), 
2.6 (m, 2, H-3’, H-j’), 3.93 (d, I, J,,? 3.7 Hz, H-l), 4.38 (q, I, J5,6 2 Hz, H-5), 3.82 

(d, I, J,,, 4.5 Hz, H-3), 4.99 (q. 1, H-2). 5.46 (m, 2, H-6, H-6’), 7.58 (s. 3. CHJ). 
7.88 (s, 3, OAc), 8.1, and 8.67 (2 s, 6, CH3). 

Arrai. Calc. for C,9HII0,0S: C, 51.58; H, 5.01. Found: C, 51.43; H, 4.82. 
4-C-Carbo.r?,l-x-(atd /I)-D-gufofitrattose 4’,6-iacrotw (8). - Compound 7 

(20 mg) was dissolved in 80% aqueous irifluoroacetic acid (0.5 ml) and the solution 
was stirred for !5 min at room temperature after which time toluene (2 x 3 ml) was 
evaporated from the solution to afford a mixture of a and P-anomers of 8 (12 mg, 
75%) ; (2 1770 cm- ’ (y-lactone): n.m.r. [(CD),CO and D?O]: 4.70 (I, d. J1.,m2 
4 Hz, H-lir) and 4.85 (I, d, J,#,? I.5 Hz, H-! 0). 

Anal. Calc. for C,HIo07: C, 40.75: H. 4.59. Found: C, 40.61: H. 4.93. 
3-C-Carbwr~o~~l-Z,,7:5,6-di-O-isoprop~~idene-~-~-allof~ratzose(19). - 3-O-ketyl- 

3-C-csrbamoyl-I ,2:5,6-di-O-isopropylidene-Jr-o-allofuranose (3, 0. IO g) was de- 
acetylated as described for the preparation of4, to afford compound 19 (SO mg, 90%); 
m.p. I56-157”, [a]%6 - 1.75” (c 0.6, chloroform); Y~‘I~F” 3575 (OH). 3450. 3300, and 
1700 cm-’ (CONH,); n.m.r. (CDCI,): r 3.05, 3.6 (2 broad s, NH,), 4.0 (d, I, J, ,? 
3.9 Hz, H-l), 5.34 (d, 1, H-Z), 6.5 (s, I, OH, eschang,es in D,O), 8.44, 5.60, 8.64, and 
8.7 (4 s. 12, CH,). 

Anal. Calc. for C,3H21N0,: C, 51.48; H, 6.9?3; N, 4.62. Found: C, 51.50; 
H, 6.79; N, 4.60. 

3-0-Acet~~l-3-C-carban~o~~-~,2-O-isoprop~~ftt-Irne-ix-~-allofirroe (20). - Com- 
pound 3 (0.60 g) in methanol (50 ml) and 5 S/u aqueous hydrochloric acid (I ml) was 
kept for IO h at room temperature. The solution was then neutralized with Amberlite 
IR-45 (OH-) resin and evaporated to yield 20 (0.49 g, 93%) as a syrup; [a]2 + II4.4” 
(c I, chloroform); Vet’ 3500-3300 (OH), 3200, 1695 (CONH?), and 1750 cm- ’ 
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Chromagram Sheets (type K30lR2, silica gel). Separations were made with 2:l ethyl 
acetate-ethyl ether (Solvent A), 2:l petroleum ether (b.p. 30--6O”)-ethyl acetate 
(Solvent B), 3:l:l butyl alcohol-acetic acid-water (Solvent C), &I ethyl ether-ethyl 
acetate (Solvent D), 4:l petroleum ether (b-p. 30-60°)~thyl acetate (Solvent E), 
chloroform (Solvent fl, 91 benzene-ethyl acetate (Solvent G’), 1:l ethyl ether-ethyl 
acetate (Solvent H), 3:l petroleum ether (b.p. 30-600)-ethyl acetate (Solvent I). 
Zones were located with sulfuric acid; with ninhydrin (0.2% ethanol); with silver 
nitrate-sodium hydroxide spray reagent3’; with iodine vapors; with U.V. light; or 
visually for the colored derivatives. Optical rotations were measured in I-dm and 
2-dm tubes. Melting points were determined on a National Instruments Co. “Melt 
Meter”. 1.r. spectra were measured with a Perkin-Elmer Model 137 “Infracord” 
i.r. spectrophotometer. N.m.r. spectra were measured with a Varian A-60A spectro- 
meter, with saturated solutions in chloroform-d and tetramethylsilane as internal 
reference. Samples were not degassed before use. U.V. spectra were recorded with a 
Bausch and Lomb Spectronic 600 spectrophotometer. Microanalyses were determined 
by Dr. G. Weiler and Dr. F. B. Strauss, Oxford, EngIand. Microcrystalline cellulose 
is Avicel, a product of the American Viscose Division of the Food Machinery Corp., 
Marcus Hook, Pa.40. Least-squares analysis of kinetic data was performed with an 
Olivetti-Underwood Programma 101 computer. 

3-0-(2,3,4,6-Tetra-O-be~t~yyl-a-~-gltrcopyranosy~-N-(2,4-dinitrophenyl)-L-serine 
metf7yl ester (1). - A modification of the procedure of Austin3’ was used for the 
glycosidation reaction. N-(2,4-dinitrophenyl)-L-serine methyl ester’ (2.0 g, 7 mmoles), 
siiver carbonate (2.5 g, 14.8 mmoles)4 ‘, and Drierite (7.5 g, standard grade) were 
added to pure, dry benzene (50 ml) and the mixture was stirred overnight in the 
dark. Silver perchlorate (0.1 g, 4.8 mmoIes) was added and a solution of 2,3,4,6- 
tetra-U-benzyl-cr-D-glucopyranosyl chloride 30*42 (2 g, 3.5 mmoles) in benzene (25 ml) 
was introduced during 4 h with stirring in the dark. The mixture was stirred until 
t.1.c. (Solvent E) revealed no further formation of product (36 h). The solution was 
filtered through a Celite pad, extracted three times with 100 ml of water, dried with 
sodium sulfate, and evaporated to dryness under diminished pressure. The combined 
syrups from five such glycosidations were taken up in 200 ml of ethyl ether and kept 
cold for 2 days to precipitate any further silver salts. The solution was again fltered 
through a Celite pad and evaporated. A portion of the resultant syrup (649 mg) was 
dissolved in benzene (100 ml). Preparative t.1.c. on Silica Gel G (0.6 mm adsorbent 
thickness, 200 x 200 mm glass plates, activated for 2 h at lOO”, 20 mg syrup per plate, 
Solvent F) revealed seven yellow zones in the reaction mixture. To extend the time 
of elution, Whatman No. 1 filter-paper wicks were hung over the back of the plates 
and pressed close to the adsorbent on the front by means of a 50 x 200 mm glass plate 
which was held tightly with rubber bands. Yellow zones having the following RF 
values were obtained: 0.1 [N-(2+dinitrophenyl)serine methyl ester], 0.18, 0.26, 0.35, 
0.51, 0.78, and 0.92 [2-(2,Pdinitroanilino)acrylic acid methyl ester]. Silver salts 
appeared at the base line. Each zone was scraped from the plate and eluted with 
acetone. The solution was filtered through a Celite pad and evaporated at room 
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temperature. The principal yellow zones (Rp 0.26 and 0.35) were decolorized in 
benzene with charcoal and filtered through a Celite pad. Each zone was re-chromato- 

graphed as above on Silica Gel G (Solvent G), and yellow zones (RF 0.43 and 0.48, 
respectively) were obtained for each of the previously obtained zones (R, 0.26 and 
0.35). The sulfuric acid spray reagent indicated zones at the base line and solvent 

front as well as each of the yellow zones. The yellow zones were isolated as before 
and each syrup was rechromatographed (Silica Gel G, Solvent H) to give yellow 
zones having R, 0.23 and 0.28, respectively. After drying at 0.01 torr the zone having 
R, 0.23 (1) weighed 60.2 mg (10.8% of syrup chromatographed), [u]r f27.1 o (c 0.5, 
chloroform); ,JEiF 2.62 (OH, N-H), 3.20 (C-H), 5.68 (-CO&H,), 6.12, 6.23 (Ar-), 
6.55,6.70,7.49 (-NO,), 9,2,9.3 (-C-O-C), 6.78,8.2,9.58, 10.75, 11.4, 11.75, 13.15 pm; 
n.m.r. data: r 0.93 (1 proton, broad singlet, N-H), 1.07 (l-proton doubIet, H-3’, 
J 3P,5s 3 Hz), 1.80 (l-proton quartet, H-5’, J5,,6, 10 Hz), 2.73 (20 protons, broad 
singlet, benzyl aromatic protons), 3.01 (l-proton doublet, H-6’), 5.13 (1 -proton doublet, 
H-l”, J,., 2s, 3 Hz), 5.78-6.48 (17-proton multiplet, amino acid chain, carbohydrate 
ring protons and benzylic -Cl&-), 6.20 (3-proton singlet, OCH3). 

Anal. Calc. for C44H45NS0,2: C, 65.40; H, 5.32; N, 5.20. Found: C, 65.76; 
H, 5.11; N, 5.44. 

The zone having R, 0.28 was a second glycoside; yieId 53.5 mg (8.2%), [u];‘, 
f21.4” (c, 0.6, chloroform); i-z!: 2.55,2.6 (OH, N-H), 3.19 (C-l-l), 5.62 (-C0,CH3), 
6.10, 14.35 (Ar-), 6.51;6.92, 7.45 (-NO,), 9.3 (-C-O-C-), 2.83, 3.30, 4.05, 8.2, 8.62, 
9.0, 10.75, 11.4, 11.75, 13.15 m; n.m.r. data: t 0.82 (l-proton, broad singlet, N-H); 
0.93 (l-proton doublet, H-3’, J3,,5, 3 Hz), 1.78 (l-proton quartet, H-5’, Js,,6, 
8 Hz), 2.73 (20-proton broad singlet, benzyl aromatic protons), 3.19 (I-proton 
doublet, H-6’), 5.13 (l-proton doublet, H-l”, Jln,Z- 3 Hz), 5.22-6.52 (I 7-proton multi- 
plet, amino acid chain, carbohydrate ring protons and benzylic -CH,-), 6. I7 (3 proton 
singlet, -OCH3). Although no satisfactory elementary analysis could be obtained 
for this syrupy, chromatographically homogeneous substance, instrumental data 
ciearly identify it as a second glycoside. 

The U.V. absorption data for both glycosides were identical in methanol 
(maxima at 260 nm and 340 mn, minima at 290 nm). Glycosides 1 and the component 
having RF 0.28 (5 mg) in methanol (2 ml) containing 2 drops of 12~ hydrochforic acid 
were hydrolyzed at reflux. Products that corresponded in chromatographic mobility 
to N-(2,4-dinitrophenyl)-L-serine and 2,3,4,6-tetra-O-benzyl-n-D-glucose were detected 
by t.1.c. (Solvent 1, silver nitrate-sodium hydroxide spray reagent)_ 

Treatment of the two glycosides (10 mg) in methanol (2 ml) with 2rnM sodium 

carbonate (0.5 ml) gave 2-(2,4_dinitroanilino)acrylic acid methyl ester and Z-methoxy- 
carbonyl-6-nitrobenziimidazole-l-oxide36, separated by t.1.c. (Solvent I, RF 0.00 and 
0.84, respectively), and identified by U.V. spectroscopy: 2-(2,4_dinitroanilino)acrylic 
acid methyl ester (in methanol), maxima at 250 nm and 343 nm, minimum at 295 nm; 
2-methoxycarbonyl-6-nitrobenzimidazole-l-oxide (in methanol), maxima at 250 nm 
and 300 nm, minimum at 280 nm. These constants accord with literature vaIues36. 

N-(2,4-DinitrophenyZ)-L-threonine. - Following the procedure of Sanger43, 
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L-threonine (5.00 g, 42 mmoles) was dissolved in water (100 ml), to which solid 
sodium hydrogen carbonate (7.50 g, S9.3 mmoles) was added. l-Fluoro-2,Pdinitro- 
benzene (11.2 g, 62 mmoles) in 95% ethanol (100 ml) was slowly added with shaking. 
The mixture was stirred and the reaction monitored by t.1.c. (Solvent A, ninhydrin). 
The starting material (R, 0.32) disappeared after 3 h. The mixture was concentrated 
to remove ethanol, and neutralized with concentrated hydrochloric acid. A syrup 
precipitated, which solidified to an amorphous yellow solid; yield, 11.7 g (9S%). 
After recrystallization from methanol-water the product had m.p. 125-132”; R, 0.77; 
1.“,$2.95 (OH, N-H), 3.35, 5.80 (CO,H), 6.15, 6.30 (Ar-), 6.57 (-NO,), 7.45 (-NO,), 
7.05, 8.10, 8.60, 9.05, 9.25, 9.80, 10.85, 11.4, 12.0, 12.25, 13.45 pm. 

N-(2,4-dinitrophenyl)-L-theonine methyl ester. - Crude N-(2+dinitrophenyl)- 
L-threonine (6.50 g, 0.0225 mole) in tetrahydrofuran (SO ml) was treated with ethereal 
diazomethane’4 in small increments, and the reaction was monitored by t.1.c. on 
Silica Gel G (Solvent B, visual detection). An excess of diazomethane was avoided 
because of formation of side products. After all of the acid (RF 0.12) had reacted the 
solution was evaporated to a syrup that was dissolved in acetone. The solution, 
filtered through a Celite pad, was evaporated to a syrup, which was dissolved in a 
minimum volume of benzene and refrigerated for 1 day to give yellow crystals; 
yieId 4.85 g (65%); m.p. 113-I I4”, [~]“d -54” (c 3.33, acetone); RF 0.86; 2%: 2.87 

(OH), 2.95 (N-H), 3.35 (C-H), 5.75 (-C02CH,), 6.15, 6.30 (Ar-), 6.57, 7.00, 7.45 
(-NO?), 7.95, 8.05, 9.0, 10.8, 12.10, 13.41, 13.80 p; n.m.r. data: ~0.53 (l-proton, 
broad multiplet, -NH), 0.99 (l-proton doublet, J3P,5V 3 Hz, H-3’), 1.74 (l-proton 
quartet, H-5’), 2.84 (l-proton doublet, J5P,6, 10 Hz, H-6’), 5.22-5.45 (2-proton 
multiplet, H-2 and H-3), 6.26 (3-proton singlet, 0CH3), 7.21 (l-proton singlet, OH), 
5.68 (3-proton doublet, J4,3 6 Hz, H-4). 

These data are in essential accord with those of Derevitskaya and coworkers’ 5. 
The procedures are repeated here because the present workers found difficulty in 
reproducing this synthesis to give crystalline products. 

3-0-(2,3,4,6-tetra-O-beiz~~~l-~-D-gZrrcopyra~tosyl)-N-(2,4-di?zitrophenyZ)-~-tlzreo- 

nine methyl ester (2). - The Koenigs-Knorr synthesis and isolation of this glycoside 
followed the method described for 1, but &(2+dinitrophenyl)+threonine methyl 
ester was used. The resulting syrup, in acetone (20 ml), was resolved chromatographi- 
tally on 25 plates as described for 1, and each plate was eluted for 3 h. The RF values 
for the yellow zones (Silica Gel G, Solvent G, sulfuric acid) were: 0.76, 0.42 mixed 
with 0.44, 0.32, 0.21, 0.11, and 0.00. 

The bands of adsorbent containing the zones having RF 0.32 and 0.42 were 
separated, transferred to small columns, and eluted with acetone. The eluates were 
concentrated to syrups, taken up in acetone (loml), and each was preparatively 
rechromatographed on plates of Silica Gel G (solvent F). The zone having RF 0.32 
in solvent B was separated into two zones (RF 0.15 and 0.28). After scraping the 
desired zones from the plates, the adsorbent was again packed into small columns 
and eluted with acetone. The eluates were concentrated to syrups. All three zones 
failed to crystallize from a variety of solvents although they were found to be chro- 
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derivative from serine. 2-Methoxycarbonyl-6-nitrobenzimidazole-l-oxide36 was also 
detected. 

Rate measurements for /3-elitnination witti 0-serirle and threouine gfycosides. - 
A glycoside solution of known concentration was prepared in the desired solvent. 
The base solutions were prepared so that 0.01 ml of the solution would contain the 
desired number of equivalents of base per ml of the glycoside solution. The acid 
solutions used for neutralization were made on the same principle. At the start of 
the reaction the base was added to the reaction mixture and at each of the desired 
time intervals a I-ml portion was withdrawn and neutralized with 0.01 ml of acid. 
The volume of the solution was assumed to remain constant at 1 ml. The solution 
was immediately evaporated to -0.1 ml under diminished pressure at room temper- 
ature. The entire solution resulting was spotted onto commercial chromatography 
sheets. The tube was washed with a few drops of the reaction solvent, and the washings 
were also spotted onto the sheet. The reactants and products were separated (Solvent I) 
by t.1.c. The zone representing the unreacted glycoside was scraped from the plate, 
eluted from the silica gel with 3 ml of methanolic hydrogen chloride containing 
0.77 ,umoIes/l acid, centrifuged for 20 set, and the absorbance of the supernatant 
was read at 340 nm. The concentration @g/ml) of the remaining glycoside was 
obtained from a Beer-Lambert plot established previously. Pseudo-first-order 
kinetics were assumed for the reaction because the base is regenerated after the 
elimination. The rate and half-life of the reaction were then determined by plotting 
log a/(a-x) LT. time (h). The initial concentration of glycoside was obtained by 
taking 0.01 ml of the acid solution and 0.01 ml of the base solution and adding 
to that mixture 1 ml of the pure glycoside solution. This mixture was treated as 
described above, and the concentration from the Beer-Lambert plot was designated 
as the initial concentration of glycoside. Each kinetic run was made at least in duplicate. 
An average of the two concentrations of unreacted glycoside from each aliquot 
was used to obtain the rate constant and the half-life. The mean standard deviation 
was +2%. The data were subjected to least-squares analysis by means of a computer 
program and fitted to first-order kinetics plots. 

ACKNOWLEDGMENTs 

The authors express their gratitude to A. E. Luetzow who prepared glycoside 3 
and performed preliminary studies leading to the present paper’. This study was 
supported by the Agricultural Research Service, U. S. Department of Agriculture, 
Grant 12-14-100-7666 (71), administered by the Northern Utilization Research and 
Development Division, Peoria, Illinois 61604. Research was performed at both the 
University of Tennessee and Marquette University. 

REFERENCES 

1 Preliminary report: J. R. VERCELLOTTI, C. J. CHANG, NANCY NIENABER, AND A. E. LUETZOW, 
Abstracts Papers Aam. Chem. Sot. Meeting, 154 (1967) Carb 5. 

Carbohyd. Res., 13 (1970) 63-74 



74 J. I?. VERCELLOTTI, N. MENABER, C. J. CHANG 

2 J. R. VERCELLOTTI AND A. E. LUETZOW, J. Org. C/le~tr., 3 1 (19661 825. 
3 J. R. VERCELLOTTI, RITA FERNANDEZ, AND CHING JEN CHANG, Carbohyd. Res., 5 (1967) 97. 
4 D. J. MCLENNON, Quart. Rev., 21 (1967) 490. 
5 D. W. RUSSELL AND R. J. STURGEON, Ann. Repr. Progr. Cbem., 60 (1964) 456; 61 (1965) 492. 

6 A. GOTTSCHAL~- (Ed.), Glq’coproteins, Elsevier Publishing Co., Amsterdam, 1966, p. 596. 
7 N. SHARON, Ann. Rec. Biochem., 35 (1966) 485. 

8 V. GINSBURG AND ELIZABETH F. NEUFELD, Amt. Rec. Biochem., 38 (1969) 371. 
9 B. ANDERSON, N. SENO, PHYLLIS SAMPSON, J. G. RILEY, P. HOFF~IAN, AND K. MEYER, J. Biol. 

Chem., 239 (1964) PC2716. 
10 K. TANAKA AND W. PIGMAN, J. Biol. Chem., 240 (1965) PC1487. 
I I J. K. N. JONES, M. B. PERRY, B. SHELTON, AND D. J. WALTON, Can. J. Chem., 39 (1961) 1005. 
12 B. LINDBERG AND B. G. SILVANDER. Acta Chem. Stand., 19 (1965) 530. 
13 K. BRENDEL AND E. A. DAVIDSON, Carbohyd. Rex, 2 (1966) 42. 
14 V. A. DEREVITSKAYA, M. G. VAFINA, AND N. K. KOCHETKOV, Cnrbobyd. Res., 3 (1967) 377. 

I5 V. A. DEREVZTSKAYA, E. M. Krrhfov, AND N. K. KOCHETKOV, Carbohyd. Res., 7 (196s) 7. 

16 K. Kuhn AND S. ROSEMAN, Biocbemistr_v, 5 (1966) 3061; Curbohyd. Res., 11 (1969) 269. 
17 J. MONTREUIL. M. MONSIGNY, AND M. F. BUCHET, Compt. Rend.264 (1967)2068. 
I8 P. LINDSTEAD, L. N. OWEN, AND R. F. WEBB, J. Cbem. Sot., (1953) 121 I, 1218, 1225 and refer- 

ences cited. 
19 D. J. CRAM, in A. T. BLOMQUIST (Ed.), Organic Chemistr_v, Vol. 4, Academic Press, New York, 

1965, p. 93. 
20 D. V. BANTHORPE, Elinukation Reactions, Elsevier Publishing Co., Amsteedam, 1963, p. 83. 
21 D. H. STRUMEYER, W. N. WHITE, AND D. E. KOSHLAND, JR,. Proc. Nat. Acad. Sci. U. S., 50 

(1963) 931_ 
22 J. F. BUNNETT, Angew. C/tern. Internat. Ed., 1 (1962) 225. 
23 I. PHOTAKI, /. Amer. Chem. Sot., 85 (1963) I 123. 

24 I. PHOTAKI AND V. BARDAKOS, J. Amer. Chem. Sot., 87 (1965) 3489. 
25 K. INoum AND J. S. FRUTON, Bioclremistry, 6 (1967) 1765. 
26 B. LIBEREK, Tetrahedron Lett., (1963) 925. 
27 Z. BOBAK AND E. KATCHALSKI, Biochemistry, 2 (1963) 228. 
28 G. RILEY,J.H. TURNBULL, AND W. WILSON, J. Chem. Soc.,(1957) 1373. 
29 F.E. HARDY, J. G. BUCHANAN, AND J. BADDILEY, J. Cbem. Sot., (1963) 3360. 
30 P. W. AUSTIN, F. E. HARDY, J. G. BUCHANAN, AND J. BADDILEY, J. Chem. Sot., (1964) 2128. 
31 F. E. HARDY, J. Chem. Sot., (1965) 375. 
32 C. S. HUDSON. J. Amer. Cbem. Sot., 31 (1909) 66. 
33 L. HOUGH AND A. C. RICHARDSON, in S. COFFEY (Ed.), Rodd=F Chemistry o_f‘Organic Compounds, 

Vol. IF, Ch. 33, Elsevier Publishing Co., 1967, p. 148 and p. 164ff. 
34 VICKEY D. GROB, T. G. SQUIRES, AND J. R. VERCELLC)'I?I, Carbobyd. Res., 10 (1969) 595. 
35 VICKEY D. GROB, M. S. Thesis, University of Tennessee, Knoxville, Tenn., 1969; Abstructs 

Papers Amer. Chem. Sot. Meeting, 158 (1969) Carb 20. 
36 A. E. LUETZOW AND J. R. VERCELLOTTI, J. Chem. Sot. (C), 1750 (1967). 
37 J. R. VERCELLO-I-~I AND E. K. JUST, Carbol~~d. Res., 5 (1967) 102. 
38 D. T. A. LAMPORT, Biochemistry, 8 (1969) 1155. 
39 W. E. TRAVELYAN, D.P. PROCTOR, AND J.S. HARRISON, iVorljre, 166 (1950)444. 
40 M.L. WOLFROM,D.L. PA-I-IN, AND R. DE LEDERKRE~IER, J. Chromatogr., 12 (1965)488 _ 
41 M. L. WOLFROM AND D. R. LINEBACK, Methods Carbohyd. Cbem., 2 (1963) 342. 
42 0. TH. ScHhmT, T. AUER, AND H. SCHBIADEL. ChetI?. Ber.,93 (1960) 556. 
43 F. SANGER, Biochem. J., 39 (1946) 507. 
44 J. J. DEBOER AND H. J. BACKER, Rec. Trar. Chim., 73 (1954) 229. 

Carboflyd. Res., 13 (1970) 63-73 



Cbbohydrare Research 
Ek.evkr Publishing Company. Amsterdam 
Printed in Belgium 

75 

ADDITION OF NITRYL IODIDE TO UNSATURATED CARBOHYDRATE 
DERIVATIVES*+ 

W. A. SZAREK~, D. G. LANCE, 

Department of Chemistry, Queen’s Unicersit_t*, Kingston, Ontario (Canada), 

AND R. L. BEACH 

Department of Biochemistry, Rutgers, The State Unicersity, Nem Brnrrsrcick, New Jersey 08903 (U. S. A .) 

(Received October 31st, 1969) 

ABSTRACT 

The addition of nitryl iodide (prepared in situ by the reaction of silver nitrite 
and iodine in ether solution) to unsaturated sugars yields /&iodonitro adducts, which 
can be dehydrohalogenated by sodium hydrogen carbonate in boiling benzene to 
give the highly reactive cc-nitroolefins. The double bonds in the latter compounds can 
be selectively reduced with sodium borohydride in ethanol. 

INTRODUCTION 

In 1932 Birchenbach et al.’ reported the reaction of silver nitrite and iodine in 
the presence of cyciohexene to give dinitro and iodonitro adducts. Only recently, 
however, have the synthetic utility and mechanism of the reaction been described3. 
The reaction in the presence of olefins has the characteristics of a nitryl iodide (NO,I) 
addition and appears to proceed by a free-radical attack of an NO2 species on the 
double bond. The method provides a selective synthesis of j?-iodonitro-, vinylnitro-, 
and nitro-alkanes under mild;yeaction conditions. In connection with our studies on 
use of pseudohalogens as a method of stereospecific introduction of nitrogen functions 
into carbohydrate molecules4, we decided to try the addition of nitryl iodide to 
unsaturated carbohydrate derivatives. In this paper we describe complete details of the 
reaction with some unsaturated sugars. 

RESULTS AND DISCUSSION 

Treatment of 3-O-acetyl-5,6-dideoxy-1 ,2-0-isopropylidene-a-D-sylo-hex-5- 
enofuranose5 (1) (prepared by acetylation of 5,6-dideoxy-1,2-O-isopropylidene-a-D- 
xylo-hex-5-enofuranose6) with an excess of silver nitrite and iodine in ether gave 
predominantly an iodo-C-nitro adduct (2). The adduct was unstable and liberated 
iodine on standing, but couId be dehydrohalogenated by sodium hydrogen carbonate 

*Dedicated to the memory of Professor M. L. Wolfram. 
iFor a preliminary communication, see ref. 1. 
~To whom inquiries should be addressed. Present address: Department of Chemistry, Queen’s 
University, Kingston, Ontario, Canada. 
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in boiling benzene to the known 3-0-acetyl-5,6-dideoxy-1,2-0-isopropylidene-Q 

nitro-3x-D-xyio-hex-5-enofuranose’ (3), thereby establishing the position of the nitro 

group_ A higher yield of nitroolefin 3 could be obtained by treatment of the adduct 2 
with pyridine containing acetic anhydride; a rapid elimination reaction occurred at 
room temperature, and 3 was isolated in 80% yield after purification by column 
chromatography. The double bond in compound 3 was selectively reduced with 
sodium borohydride in ethanols” to yield 5,6-dideoxy-1,2-0-isopropylidene-6-nitro-a- 
D-_uylo-hexose (4). Such reductions, in the carbohydrate field, have been achieved’” by 
hydrogenation over palladium black. The observed regiochemistry” of the reaction of 
silver nitrite and iodine in the presence of the unsaturated sugar 1 is consistent with 
the free-radical pathway described by Hassner et al. 3 for the addition of nitryl iodide 
to terminal olefins. 

!“’ 
HC 0 

L/‘r-- 

Ok 

P 
0-ct4e2 o-cue2 O--Ct.%?2 

2 3 4 

The configuration of the double bond in 3 was determined to be tram by n.m.r 
spectroscopy. In nitroethylene the vicinal proton coupling constants Jrrans and Jcis 
have been estimated9 to be 13.4 Hz and 4.9 Hz, respectively. The vinyl protons, H-5 
and H-6, in the spectrum of 3 resonate in the region 7 2.55-3.07 as the AB part of an 
ABX type of pattern; the coupling constant for the protons is approximately 14 Hz, 
indicating that the nitroolefin has the tram stereochemistry. 

Nitryl iodide has been added also to the cyclic, unsaturated sugar benzyl 2-0- 
benzyl-3,4-dideoxy-rr-D-glycero-pent-3-enoside’” (5). A crystalline adduct 6 was 
obtained which decomposed on standing. Dehydrohalogenation with sodium hy- 
drogen carbonate in boiling benzene yielded the cyclic a-nitroolefin, benzyl 2-0- 
benzyl-3,4-dideoxy-4-nitro-~--D-glycero-pent-3-enoside (7). The position of the nitro 
function in 7 was proven as follows. 

Treatment of compound 7 with sodium borohydride in ethanol afforded 
crystalline benzyl 2-O-benzyl-3,4-dideoxy-4-nitro-/3-r_-threo-pentoside (8). In the 

n.m.r. spectrum of 8 a l-proton doublet at 7 5.18 having a splitting of 3 Hz was 
assigned to H- 1. A complex, 2-proton multiplet in the region ‘c 7.19-8.19 was assigned 
to the two H-3 protons, and a l-proton multiplet in the region 7 5.58-5.83 was 
attributed to H-4. Tf sodium borodeuteride in ethanol is used for the selective reduction 
of the double bond in compound 8, only one deuterium atom is incorporated into the 
molecuTe, and the product is benzyl 2-O-benzyl-3,4-dideoxy-3-deuterio4nitro$-L- 
arabina-pentoside (9), as shown by n.m.r. spectroscopy. Thus, the signal for the H-3 

*“Regio” is used to describe directional effects in bond making or breaking: compare A. Hassner, 
J. Org. C/EVIL, 33 (1965) 2684. 
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proton appeared as a quartet with splittings of 11.5 Hz (JZ,3) and 4.5 Hz (J3,4), and 
the signal for the H-2 proton appeared as a quartet with splittings of 3 Hz (J1 J and 
11.5 Hz (,I.&. These n.m.r. data are consistent with compound 9 being in the Cl (L) 

conformation and the deuterio and nitro groups possessing the equatorial and axial 
orientations at C-3 and C-4, respectively. The configuration at C-4 does not give any 
information about the steric course of the reduction, since it has been found that the 
proton at C-4 is exchanged under the reaction conditions. Thus, treatment of com- 
pound 9 with sodium borodeuteride in deuterioethanol (C,H,OD) gave benzyl 
2-O-benzyl-3,4-dideoxy-3-deuterio-4-nitro-P_L-arabino-pentoside-4-d (10). In the 
n.m.r. spectrum of 10 the signal for H-3 now appeared as a doublet at r 7.85 with a 
splitting of 11.5 Hz (JZ,3); no signal was observed in the region f 5.58-5.52 attribu- 
table to an H-4 signal. Since a nitronate anion would be expected to be an intermediate 
in the exchange reaction, the configuration at C-4 is determined by a proton transfer 
to an sp* carbon atom. It is remarkable that, in the absence of substituents on C-3 and 
C-5, the isolated product has the nitro group at C-4 in an axial orientation. In 
contrast, for example, in the oxidation of 4-t-butylcyclohexanone oxime with peroxy- 
trifluoroacetic acid, a reaction involving a nitronate anion or nitronic acid as an 

‘intermediate, there is a slight preference (3:l) for axial protonation to give the more 
stable Iran.+4-t-butylnitrocyclohexane ’ ’ _ The stereochemistry of protonation of 
nitronic acids and nitronate anions in tetrahydropyran systems is being investigated, 
and the results will be reported separately. To our knowledge, compound 8 is the first 
example of an aldopyranose derivative with a nitro group at C-4. 

a 

( Br=CH2Ph 1 

A further noteworthy feature of the reduction of nitroolefin 7 with sodium 
borodeuteride in ethanol is that the addition of deuteride ion at C-3 occurs stereo- 
specifically. None of the compound epimeric with 9 at C-3 could be detected by n.m.r. 
spectroscopy. 

In the present work, methyl 4,6-0-benzylidene-2,3-dideoxy-~-D-erythro-hex-2- 
enoside’” has been found to be resistant to the addition of nitryl iodide in ether. This 
alkene has been reported to be unreactive also toward the pseudohalogen iodine 

Cnr6olz~rl. Res., 13 (1970) 75-81 



78 W. A. SZAREK, D. G. LANCE, R. L. BEACH 

azide in either acetonitrile or N,iV-dimethylformamide13, and unreactive or of low 
reactivity toward reagents of the carbenoid and nitrene type14. Horton et aZ.14 have 
reported also that the alkene reacted with nitrosyl chloride below room temperature, 
but that the product decomposed to regenerate the starting alkene on attempted 
isolation. 

The addition of nitryl iodide to unsaturated carbohydrate derivatives and 
dehydrohalogenation of the resultant adducts provides a convenient procedure for 
the preparation of unsaturated nitro sugars. These highly reactive compounds are 
susceptible to many nucleophilic addition reactions, and several examples have been 
reported by Baer et al. ’ ‘_ 

EXPERIMENTAL 

Generai methods. - Melting points were determined on a Fisher-Johns 
apparatus and are uncorrected_ Optical rotations were measured with a Perkin-Eimer 
Model 141 automatic polarimeter at 21 +2”. 1.r. spectra were recorded with a 
Beckman-l R5A spectrophotometer. N.m.r. spectra were recorded at 60 MHz in 
chloroform-d with tetramethylsilane as the internal standard. Thin-layer chromato- 
graphy (t.1.c.) was performed with Silica Gel G as the adsorbent. The developed 
plates were air-dried, sprayed with 5% ethanolic sulfuric acid, and heated at about 150”. 
The term “petroleum ether” refers to a fraction of b.p. 60-80”. 

3-0-AcetyZ-S,6-dideoxy-I,2-O-isopropyIide~~e-cx-~-xylo-ite~-5-eno~tra~~ose (1). - 
5,QDideoxy-I ,2-0-isopropylidene-a-D-Xylo-hex-5-enofuranose6 (0.25 g) was dissolved 
in dry pyridine (3 ml), and treated with acetic anhydride (1 ml). After 8 h at room 
temperature, the solution was poured into ice-water, and the product was isolated 
in the usual manner in almost quantitative yield. Distillation at 70”/0.01 torr gave an 
oil having the same physical constants as those previously reported5 for compound 1 
prepared by a Wittig reaction. 

Reaction of compound 1 with siher nitrite and iodine in ether. - Iodine (0.40 g) 
and freshly prepared silver nitrite (0.22 g) were stirred in dry ether (26 ml), in a flask 
covered with aluminum foil, for 1 min at room temperature. A solution of the olefin 1 
(0.30 g) in a small volume of dry ether was added, and stirring was continued. The 
progress of the reaction was followed by t.1.c. in 2:3 ethyl acetate-petroleum ether, 
and additional amounts of silver nitrite and iodine were added at intervals until the 
starting material (RF 0.75) had all reacted. The reaction mixture was filtered, and the 
filtrate was concentrated to an iodine-colored syrup: which was chromatographed on 
silica gel, with the same solvent as used for t.1.c. as eluent. The iodo-C-nitro adduct 2 
was obtained as a syrup (0.27 g), RF 0.45. This material was unstable on standing. 
The infrared spectrum (film) of the crude material showed absorptions at 5.69- 
5.78 pm (OAc), 6.41 pm (C-NO,), and 6.55 pm (olefinic NO?)_ 

3-0-Acetyl-S,6-dideosy-l,2-O-isopropylinene-6-?litro-or-~-xylo-l~ex-5-enoflilratlose 

(3). - A. A portion (0.15 g) of the crude adduct obtained above was stirred for 6 h in 
boiling benzene (6 ml) with anhydrous sodium hydrogen carbonate (0.30 g). The 
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mixture was then cooled and filtered, and the filtrate was shaken with a few drops of 
concentrated aqueous sodium thiosulfate solution until the iodine color had dis- 
appeared. The solution was dried (sodium sulfate) and concentrated to a syrup which 
crystallized at - 10” from petroleum ether containing a little benzene; yield 36 mg 
(35%), m.p. 98-102”. Recrystallization gave pure compound 3, m.p. 108-109”, [a],, 
+5.3 + 1.5” (c 1.1, chloroform); n.m.r. data: T 2.55-3.07 (2 protons, Jss6 - 14 Hz, 
J 4.5 -2.5 Hz, ~~~~ -0.5 Hz, H-5 and H-6), 3.98 (l-proton doublet, J, ,z 3.5 Hz, H-l), 
4.64 (l-proton doublet, J2,3 to.5 Hz, J3,4 3 Hz, H-3), 4.84-5.00 (l-proton multiplet, 
H-4), 5.36 (l-proton doublet, J,,, 3.5 Hz, H-2), 7.94 (3-proton singlet, OAc), 8.45, 
8.63 (3-proton singlets, CMe,); lit. ’ for compound 3, m.p. 109-110”, [XI,, +6.5” 
(c 1, chloroform). 

B. A sohttion of the crude adduct (0.37 g) in pyridine (2 ml) containing acetic 
anhydride (1 ml) was kept at room temperature for 30 min. The solution was poured 
into ice-water, and the product was isolated in the usual manner. After purification by 
chromatography on silica gel, with 2:3 ethyl acetate-petroleum ether as eluent, and 
crystallization Cyield 0.13 g (SOO/)] the product had the same physical constants as 
compound 3 obtained in A. 

S,d-Dideoxy-I,2-O-isopropyIidene-6-nitro-a-D-xylo-/~e-~ose (4). - A mixture of 
compound 3 (50 mg), ethanol (3 ml), and sodium borohydride (20 mg) was stirred for 
1 h at room temperature. An excess of hr sulfuric acid was then added, followed by 
sufficient water to dissolve the solid. The solution was extracted with two 5-ml 
portions of chloroform, and the combined extracts were washed with water and 

evaporated to a syrup. Crystallization from ether-petroleum ether gave compound 4. 
yield 21 mg (49%), m.p. 103.5-104”, [a], - 15 +2” (c 0.6, chloroform); 3.::: 2.95 (OH), 

6.47 (C-NO,), 7.20, 7.25 pm (CMe,). 
Anal. Calc. for &H,sNO,: C, 46.3; H, 6.5; N, 6.0. Found: C, 46.5; H, 6.7; 

N, 5.9. 
Reaction of benzyI 2-0-be~l~yI-3,4-di~feoxy-u-~-glycero-petlt-3-etloside1 ’ (5) with 

siher nitrite and iodine. - Iodine (3.84 g) and freshly prepared silver nitrite (1.62 gj 
were stirred in dry ether (200 ml), in the dark, for 10 min at 5”. Compound 5 (3.96 g) 
was added, and stirring was continued for 1 h at 5” and then for 23 h at room tempera- 
ture. The mixture was filtered, and the filtrate was washed with a solution of sodium 
thiosulfate, dried (magnesium sulfate), and concentrated to a syrup (4.89 g)_ A portion 
(2.00 g) of this material was dissolved in ethyl acetate (2 ml), and petroleum ether 
(6 ml) was added; the oil that separated crystallized from ethanol (20 ml). Recrystal- 
lization from ethanol gave a sample (53 mg) of the adduct 6 as an unstable solid, 
m.p. 139-141”; I_::: 6.42 ,um (C-NOI). A satisfactory elemental analysis could not be 
obtained_ 

BemyI 2-0-ben~yl-3,4-dideoxy-4-,litro-a-D-glyent-3-erroside (7). - The 
crude syrupy adduct (2.89 g) obtained above was stirred in boiling benzene (100 ml) with 
sodium hydrogen carbonate (9 g) for 16 h. The mixture was then cooled and filtered, 
and the filtrate \vas decolorized with a concentrated solution of sodium thiosulfate. 
The solution was washed with water, dried (magnesium sulfate), and concentrated to 
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a syrup that crystallized from ethanol, yield 0.12 g, m.p. 115-119”. The mother 
liquors were concentrated, and the residue was again treated with sodium hydrogen 
carbonate (10 g) in boiling benzene (200 ml) for 3 days; a further crop of crystals was 
obtained, yield 0.50 g, m.p. 121-124”. Recrystallization of the combined products 
from ethanol gave the pure nitroolefin 7, m.p. 127.5-128.5”, [a]n +83.5” (c 1.3, 
chloroform); $,!,fz 6.56, 7.44 pm (olefinic NO,); n.m.r. data: r 2.58-2.75 (IO-proton 
multiplet, aromatic protons), 2.89-2.95 (l-proton multiplet, H-3), 5.01 (l-proton 
doublet, J1 ,z 4 Hz, H-l), 5.29 (2-proton doublet, J 4 Hz, benzyl-methylene), 5.43 (2- 
proton singlet. benzyl-methylene), 5.48-5.59 (2-proton multiple& 2 H-5), 5.62-5.88 
(1 -proton multiplet, H-2). 

Anal. Calc. for C,,H,,NO,: C, 66.9; H, 5.6; N, 4.1. Found: C, 67.1; H, 5.6; 
N, 4.0. 

Benzyl Z-O-ben~y:yl-3,4-dideoxy4-nitro-B_L-threo-pentoside (8). - A mixture of 
nitroolefin 7 (100 mg), ethanol (5 ml), and sodium borohydride (50 mg) was stirred 
for 1 h. The mixture was neutralized with carbon dioxide, and then slowly diluted 
with water until crystallization was complete. The solid product was washed with 
water and recrystallized from ethanol-water to give pure 8, yield 48 mg (48%), 
m-p. 112-113”, [a],, + 155” (c 0.9, chloroform); n.m.r. data: 7 2.52-2.88 (lo-proton 
multiplet, aromatic protons), 5.18 (l-proton doublet, J1,* 3 Hz, I-I-l), 5.41 (2-proton 
doublet, J 5 Hz, benzyl-methylene), 5.55 (2-proton singlet, benzyl-methylene), 
5.58-5.83 (l-proton multiplet, H-4), 5.85-6.06 (2-protons, 2 H-5), 6.06-6.45 (l-proton, 
H-2), 7.19-S. 19 (2-proton multiplet, 2 H-3). 

Anal. Calc. for C19H21NOS: C, 66.5; H, 6.1; N, 4.1. Found: C, 66.2; H, 6.4; 
N, 4.2. 

Benzyl Z-O-berz~yI-3,4-dideoxy-3-deuterio-4_nirentoside (9). - 
Nitroolefin 7 was treated with sodium borodeuteride in ethanol and the product 
isolated as described above, m-p. 112-l 14”. In the n.m.r. spectrum of 9 the signal for 
H-2 now appeared as a l-proton quartet at 7 6.23 with J, ,2 3 Hz and J2,3 11.5 Hz, 
and the signal for H-3 appeared as a l-proton quartet at 7.88 with Jz,3 11.5 Hz and 
J3 ,s 4.5 Hz. 

Benzyl Z-O-benzyZ-3,4-dideoxy-3-deuterio-4-nitro~-L-arabino-pentosi~~e-4-d (10). 
- A mixture of 9 (20 mg), deuterioethanol (&H,OD) (1 ml), and sodium boro- 
deuteride (20 mg) was stirred for 30 min. The product (10) was isolated as described 
for compound 8, yield 15 mg, m-p. 11 l-l 12”. In the n.m.r. spectrum of 10 the signal 
for H-3 now appeared as a l-proton doublet at 7 7.88 with Jzv3 11.5 Hz; no signal was 
observed in the region 7 5.58-5.82 attributable to an H-4 signal. 
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Chemical Engineering Department, Faculty of Engineering, Alexandria University (U. A. R.) 
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ABSTRACT 

Secondary cellulose acetate was chemically modified by introducing O-(carboxy- 
methyl), 0-nitro, and 0-(cyanoethyl) groups, and then tested for semipermeability. 
Introducing 0-(cyanoethyl) groups (0.1-0.68 cyanoethyl group per C6 unit) gave an 
elastic film that was tougher and of better desalination characteristics than the 
standard cellulose acetate membrane. 

INTRODUCTION 

Reverse osmosis is one of the most potentially competitive methods for 
desalination that is ready for commercial development. Table I summarizes typical 
values for the energy requirements, calculated theoretically, that are necessary to 
remove the dissolved salts from 1000 gallons of sea water’. The difficulties with 

TABLE I 

ENERGY REQUIRED TO REMOVE SALTS FROM l(boo GALLONS OF SEA WATER 

Procedure Theoretical requirements 

Distillation 
Freezing 
Reverse osmosis 

300 KWh 
60 KWh 
50 KWh 

reverse osmosis are the low permeability to water of salt-retaining membranes, the 
rapid flux-decay due to compaction of the membrane under the high influent pressure, 
and the limited lifetime of the membrane because of poor chemical resistance of the 
cellulose acetate membranes most commonly used. 

The presently demonstrated success of cellulose acetate membranes, compared 
with other plastic membranes’, indicates that the former material may be selected for 

*Dedicated to the memory of Professor M. L. Wolfram. 
tPcesent address: Faculty of Engineering, Libya University, Tripoli, Libya. 
khemist, The National Research Centre, Cairo, U. A. R. 
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use in future desalination plants3. Loeb and Sourirajan4 considerably improved the 
rate of permeation with membranes of cellulose acetate by modifying the film-casting 
technique and by developing what are known as modified and asymmetric membranes. 
Another approach is by chemical modification of the cellulose acetate, with the aim of 
improving its performance in desalination. In the present work, the main skelton of 
secondary cellulose acetate has been maintained, and chemical modification has been 
effected by introducing small proportions of specific functional groups, such as 
cyanoethyl, nitro, and carboxymethyl groups, along the cellulose acetate macro- 
molecule. The semipermeability of these new membranes was tested. 

EXPERIMEiNTAL 

Raw material. - A low-grade, Egyptian, fly-cotton waste was purified’ to give a 
satisfactory bleached cotton. Anal.: a-cellulose, 98.4; ether extractives, 0.16; ash, 0.17; 
d.p., 2077. 

Derisatiues of celldose acetate. - A. Primary ad secondary acetates of 
cellulose. The viscosity of purified cotton was adjusted by steeping it with 17.5% 
sodium hydroxide, centrifuging the slurry, and keeping the product in glass bottles 
for 40 h. The material was then washed and dried. “Primary” cellulose acetate and 
acetone-soluble cellulose acetate (d-s. 244) were prepared essentially by the method 
of Malm et al. 6, except that the ratio of acetic anhydride added, with respect to cotton, 
was doubled. The time of hydrolysis of “primary” cellulose acetate to “secondary” 
acetate was 60 h and 90% aqueous acetic acid was used. 

B. 0-Acetyyl-0-(cyanoetlzy1)celhtlose. Purified cotton (10 g) was shaken with 
84.3 ml, of 17% sodium hydroxide (w/w) for 3 h and the slurry was filtered. The 
filter was washed with 100 ml of 2% sodium hydroxide, the filtered cake was shaken 
for 1 h with 100 ml of 2% sodium hydroxide, and the slurry was filtered and washed 
with 100 ml of 2% sodium hydroxide_ The filtered cake (34 g) was then mixed with 
1.2 ml of acrylonitrile, 6 ml of 2% sodium hydroxide, and the mixture was shaken for 
20 h at room temperature. The slurry was then warmed for 3 h at 35” with occasional 
shaking. After acidification to pH 5-6 with 20% acetic acid, the product was filtered 
off, washed with water, and dried. The O-(cyanoethyl)ceUulose thus formed (10 g) 
was acetylated as described above, and then hydroiyzed for 60 h with 90% acetic 
acid, to give U-acetyGO-(cyanoethyl)cellulose. (Anal.: acetyl, 2.41; OH, 0.46; 
cyanoethyl, 0.13 per C6 unit.) More-extensive cyanoethylation by using 3.1 ml of 
acrylonitrile (first preparation) and 6.2 ml of acrylonitrile (second preparation), 
followed by acetylation as above, gave 0-acetyl-0-(cyanoethyl)cellulose containing 
O-cyanoethyl, 0.39 per C6 unit, and 0.68 per C6 unit, respectively. 

C. 0-Acetyl-0-(carboxymethyI)cehZose. 0-(Carboxymethyl)cellulose (d-s. 
0.074) was prepared as described by Harpham et al. ‘_ Acetylation of this material was 
effected as before, except that the hydrolysis was conducted without the addition of 
magnesium acetate, and the time of hydrolysis with 90% acetic acid was extended to 
60 h. (Anal.: acetyf, 2.35; OH, 0.57; carboxymethyl, 0.074 per C6 unit). 

Carbohyd. Res., 13 (1970) 83-88 
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D. 0-Acetyl-0-nitrocellulose. Nitrocellulose of low d-s. was prepared from 
purified cotton as previously described’ by using a nitrating mixture (31.76% nitric 
acid, 33.66% water, and 34.57% sulfuric acid). The washed and dried nitrocellulose 
(20 g, d-s. 0.13) was acetylated as before, and hydrolyzed for 60 h with 90% acetic 
acid, to give O-ace@-U-nitrocellulose. (Anal.: acetyl, 2.4; OH, 0.47; nitro, 0.13 per 
Cs unit.) 

All of the cellulose derivatives prepared were soluble in acetone. 
Casting of membranes. - Membranes were cast essentially as described by Loeb 

et aI.4, by incorporating an aqueous solution of magnesium perchlorate in the 
cellulose derivative-acetone solution. The solution was cast at - 5 to - 11” to control 
the rate of evaporation of acetone, and after an evaporation period of 1.5 min the 
film was immersed in a water bath for 1 h at 0 to -2” to leach out the soluble com- 
ponents. This procedure was followed by a heat treatment for a fixed time at 71.5”. 

The casting solution contained the following (wt. %): acetone, 69.46; cellulose 
derivative, 23.11; magnesium perchlorate, 1.65; hydrochloric acid, 0.33; water, 5.45. 

Testing of membranes. - A laboratory osmotic cell was constructed as described 
by Loeb4, with a slight modification concerning the exit of the fresh-water product. 
The salt feed-solution (0.5% aq. solution of sodium chloride) was pressurized to 
600 lb.in-‘, and fed at a rate of 350 ml per h onto the top of the active surface of the 
membrane, which was supported by a Millipore filter-paper (0.45 pm pore size) that 
rested on a porous plate of stainless steel. A portion of the,water permeated through 
the membrane and was collected as fresh water at the bottom of the unit, while the 
concentrated brine was discharged from the top of the unit. The results of the per- 
meability tests are shown in Table II. The percent rejection is given as: 

% rejection = (100 - 
wt.% of solute in product 

wt.% of solute in feed 
x 100) 

DISCUSSION 

The present investigation was an attempt to modify cellulose acetate with the 
aim of improving its performance for desalination. The main skelton of “secondary” 
cellulose acetate was maintained, while a low d.s. of specific functional groups was 
introduced_ Acetone-soluble derivatives of cellulose containing - 2.4 acetyl groups per 
C, unit were successfully prepared from purified “chemical” cotton. These derivatives 
were: “secondary” cellulose acetate, O-acetyl-O-(carboxymethyl)cellulose (0.047 
carboxymethyl group per C6 unit), O-acetyl-O-nitrocellulose (0.13 nitro group per 
Cs unit), and U-acetyl-O-(cyanoethyl)cellulose (0.13, 0.39, and 0.68 moles of cyano- 
ethyl group per Ce unit, respectively). The cellulose derivatives prepared were cast 
successfully according to the general procedure of Loeb’ to give membranes suitable 
for testing in a special osmotic cell. The films were tested with an input solution 
containing 5000 p.p.m_ of sodium chloride at an operating pressure of 600 lb.in- ‘. 

The effect of functional groups in the cellulose derivatives on the permeability 
properties of the membranes is given in Table II. Three sets of experiments (Expts. 

Cnrbohyd. Res., 13 (1970) 83-88 
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l-5, 6-9, and 10-16, Table II) were performed by using three different sets of condi- 
tions for casting the tXms. The results indicate that heating the membrane for a longer 
period (4 min), with a 3:l acetone-cellulose derivative (Expts. 1-5, Table II) 
produced a “tighter” film of lower flux and better salt-rejection. In accordance with 
previous workg, by using a higher ratio of acetone to the cellulose derivative, or a 
shorter time of heating the film (2.5 min, Expts. 6-16, Table II) produced membranes 
that were less dense and had higher flux-rates, but they showed lower salt-rejection. 
To compare the performance of the different films, the Eastman cellulose acetate 
(Expt. 1) was chosen as a standard, since its capacity for salt rejection is higher, when 
compared with the films cast in Expts. 6 and 10, in which the same cellulose acetate 
was used, but under less suitable conditions of casting. 

The results obtained show that Egyptian cellulose acetate (Expt. 2, Table II) is 
similar to the standard Eastman film (Expt. 1), being only 4% lower in flux and salt 
rejection. 

It has been reported that osmotic membranes prepared from sodium alginate lo 
and certain seaweeds’ ’ found off the coast of India are semipermeable to sea water. 
However, the results of Table II show that introducing a small proportion of carboxy- 
methyl groups (0.074 carboxymethyl groups per C6 unit) into the molecule of cellu- 
lose acetate is detrimental to performance of the membrane, since it resulted in a 44% 
lower flux and 56% less salt rejection in comparison with the standard Eastman 
film. 

Earlier reports l2 that cellulose nitrate (collodion) is more effective in salt- 
rejection and is less permeable to water than cellulose acetate film, were investigated. 
By introducing 0-nitro groups (d.s. 0.13) along the molecule of “secondary” cellulose 
acetate (Expt. 4, Table II) there resulted a 6% improvement in flux and 9% less salt- 
rejection, in comparison with the standard Eastman cellulose acetate. One disadvan- 
tage of introducing the nitrate ester group is that it causes the film to be delicate and 
brittle. 

The results also show that introducing 0-cyanoethyl groups to a d-s. of 0.13 
(Expt. 5, Table II) produced 21% more flux for the same salt rejection (N 91%) as the 
standard Eastman film. Another encouraging feature is that O-acetyl-O-(cyanoethyl)- 
cellulose (0.39 cyanoethyl groups per C6 unit) (Expt. 15, Table II) performed fairly well 
at higher acetone-cellulose ratios and produced a 352% higher flux at a slightly lower 
level of salt rejection (83.3%), in comparison with the standard film. By using three 
different casting conditions, the cyanoethylated product (Expts. 5, 8, and 15) showed 
an improvement over control experiments (1, 6, and 10, respectively). The cyano- 
ethylated products are tougher and more elastic than the standard acetate film. They 
are also interesting since the cyanoethyl group is known to confer considerable 
resistance to attack on the membrane mildew and bacteria, a factor that is detrimental 
to the performance of the membrane ’ 3_ 
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THE EFFECT OF STEREOCHEMISTRY ON THE OXIDATION OF 

SUBSTITUTED HEXITOLS” 
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Department of Chemistry, North Dakota State University, Fargo, North Dakora 58102 (U. S. A.) 

(Received September 29th, 1969; in revised form, December 27th. 1969) 

ABSTRACT 

l-O-Benzoyl-2,3:5,6-di-O-isopropylidene-D-gulitol (3) and -D-allitol. (4) were 
found to be inert toward oxidation by chromium trioxide in pyridine, confirming 
previous findings of apparent effects of 1,4-interaction. l-O-Benzoyl-2,3:5,6-di-O- 
isopropylidene-D-mannitol (2), though previously established to be inert toward 
chromium trioxide in pyridine, was smoothly oxidized to 6-0-benzoyl-1,2:4,5-di-O- 
isopropylidene-D-arabino-3-hexulose (5) by methyl sulfoxide in acetic anhydride. 
However, the latter converted 1,5-di-0-benzoyl-2,4-U-benzylidene-xylitol (6) and 
-ribitol(7) into 3-(methylthio)methyl ethers. 

INTRODUCTION 

The reaction mechanism proposed by Westheimer’ for the oxidation of 
secondary alcohois to ketones by chromic acid has had general acceptance. A rapid, 
reversible formation of chromate ester is followed by the rate-determining abstraction 
of a proton from the carbinol carbon atom. However, the initial step may become rate 

0 i 

I 
HC-OH + HsCr04 + H’ z=? 

II 

[’ 1 

MC-0-Cr-OH + Hz0 ---f ‘C=O+HsO++HsCrOs 
I I I / 

OH 

controlling when an alcohol that is highly sterically hindered is applied2. 
Oxidation of substituted alditols with chromic acid as a route to ketoses has 

given varied results. 1-0-Benzoyl-2,3:5,6-di-U-isopropylidene-DL-galactitol (1) was 

smoothly oxidized to the expected ketose by chromium trioxide in pyridine3. On the 
other hand, a stereoisomer, l-O-benzoyl-2,3:5,6-di-O-isopropylidene-D-mannitol (2), 
was inert4*‘. The extent of interaction of the hydroxyl group on C-4 with the benzoyl- 
oxy group on C-l was presumed4 to be the important variable. In order to under- 

stand better this marked difference in reactivity, we have prepared two additional 
stereoisomers of 1 and 2 and have established their reactivity toward chromic acid. 

*Dedicated to the memory of Professor M. L. Wolfram. 
**Present address: Department of Chemistry, St. Vincent College, Latrobe, Pennsylvania 15650, 
U. S. A. 
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Methyl sulfoxide in acetic anhydride and with phosphorus pentaoxide have been 
applied as additional oxidizing agents for comparative purposes. 

RESULTS AND DISCUSSION 

Crystalline l-O-benzoyl-2,3:5,6-di-O-isopropylidene-o-gulitol (3) was obtained 
by reduction of 2,3:5,6-di-0-isopropylidene-D-gulono-1 ,4-lactone6, followed by 
selective benzoy!ation of the primary hydroxyl group. The i.r. absorption of the 
starting lactone near 1780 cm- ’ (I ,Uactone) supports the structural assignment 
made6. Acetonation of o-allono-1,4-lactone’ provided the 2,3: 5,6_diisopropylidene 
acetal, which exhibited i-r. absorption near 1780 cm- ‘. Reduction of the latter acetal, 

followed by selective benzoylation, gave crystalline l-O-benzoyl-2,3:5,6-di-O- 
sopropylidene-D-allitol (4). 
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Neither 3 nor 4 gave a ketose under reaction conditions (chromium trioxide- 
pyridine)3 that gave 6-O-benzoyl-l,2:4,5-di-O-isopropylidene-~~-_~yZo-3-hexulose 
from 1. in compounds 2,3, and 4, the hydroxyl groups on C-2 and C-3 are disposed cis 

in the Fischer projection formula. Thus acetonation to give the 2:3-isopropylidene 
acetal provides a dioxolane ring on which C-l and C-4 are cis (Fig. 1). In the galactitol 
derivative (l), these substituents are placed in a trajis-relationship (Fig. 2). Formation 
of a chromate ester would probably be hindered seriously when the substituents at 
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Fig. 1. c&Disposition of substituents on 2,3-acetal ring. 
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Fig. 2. rrans-Disposition of substituents on 2,3-acetal ring. 

C-1 and C-4 are disposed cis, as compared with the opposite configuration. We 
propose that hindrance in this esterification step causes the marked difference in 
reactivity, since it is not evident how removal of a proton from the carbinyl carbon 
atom, should esterification occur, be appreciably different among the four isomers. 

Some comparative studies have been made by using methyl sulfoxide (MelSO) 
and acetic anhydride as the oxidizing agent. The mannitol derivative (2) was con- 
verted into a crystalline product. The n.m.r. spectrum showed signals assignable 
without ambiguity to aromatic, methine and methylene, and methyl protons in the 
ratio, 5:7:12, consistent with the structure of 6-O-benzoyl-1,2:4,5-di-U-isopropylidene- 
D-arabirzo-3-hexulose (5). Hydrolysis of 5 in acetone with Amberlite IR-120 (H+) 
resin gave crystalline 6-O-benzoyl-D-arabitro-3-hexulose, whose n.m.r. spectrum 
showed no signals attributable to methyl protons. Application of the same procedure 
to the gulitol (3) and the allitol (4) derivatives provided syrups that have not been 
crystallized. 

pi-2 H&0Bz 

M=2=\oCH 
I 
c=o RXL “iO\ 
I 

rfco 
I ‘ewe, 

HA,/ 2 DCHPh 
kC0' 

I I 

I 
H,COaZ H&OQZ 

H,COBZ 
bR=H 7R=H 

5 8 R = CH;SCH3 9 R = Ct-$SMe 
10 R = cocu3 llR= AC 

The behavior of some additional substrates toward methyl sulfoxide and acetic 
anhydride has been determined. 1,5-Di-O-benzoyl-2,4-U-methylenexylitolg and 
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1,5-di-0-benzoyl-2,4-0-metl~yleneribitol~ have previously been oxidized by chromium 
trioxide in acetic acid, but not in pyridine, to the same product, 1,5-di-O-benzoyl-2,4- 
0-methylene-erythvo-3-pentulose. Under the same reaction conditions, 1,5-di-O- 
benzoyl-2,4-0-benzylidene-xylitol(6) and -ribitol(7) were not oxidized4. Both 6 and 7, 
when treated with methyl sulfoxide-acetic anhydride, yielded crystalline products, 
presumed to be the 3-(methylthio)methyl ethers (8 and 9, respectively), based upon 
the presence of signals at r 7.80 in the n.m.r. spectra, assignable to methyl protons in 
the SCH, groups _ lo Melting points were depressed when 8 and 9 were mixed with 
3-U-acetyl-l,5-di-U-benzoy1-2,4-U-benzylidenexylitol (10) and -ribitol (ll), respecti- 
vely. A mechanism describing the formation of these ethers has been previously 
described’. 

No products of oxidation were obtained when 2, 3, and 4 were treated with 
methyl sulfoxide and phosphorus pentaoxide” in phosphoric acid. 

EXPERIMENTAL 

General methods. - Analyses were made by the Australian Microanalytical 
Service. N.m.r. spectra were recorded on a Varian A-60A n.m.r. spectrometer for 
solutions in deuteriochloroform. 1-r. spectra of Nujol mulls or potassium bromide 
pellets were recorded on a Beckman IR-10 spectrophotometer. Melting points were 
determined on a Fisher-Johns apparatus and are not corrected. Optical rotations were 
taken on a Shimadzu spectropolarimeter in I-dm tubes. 

2,3:5,6-Di-O-isopropylidene-D-gulitol. - A solution of 2,3:5,6-di-O-isopro- 
pylidene-o-gulono-1,4-lactone6 (2 g) in 250 ml of dry ether was added dropwise 
during 60 min at room temperature into 100 ml of an ethereal solution of 0.80 g 
powdered lithium aluminum hydride. The mixture was refluxed for 2 h and the 
excess hydride destroyed by gradual addition of wet ether, with external cooling and 
stirring. The mixture was filtered through a layer of packed Celite (Johns-Manville). 
Concentration of the filtrate at room temperature with seeding provided a crystalline 
product, yield 1.4 g (70%): m-p. 72-74”, [c&’ -t-9.35” (c 0.11, ethanol). The first 
crystalline product was obtained by vacuum distillation of the syrup at c 150”; the 
i.r. spectrum showed no band at 1,790 cm-‘. An analytical sample, m.p. 75.5--76”, 
was prepared by three recrystallizations from ligroin. 

Anal. Calc. for CrzH,,O,: C, 54.95; H, 8.45. Found: C, 54.65; H, 8.66. 
I-O-BenzoyZ-2,3:5,6-di-O-isopropylid~ne-D-guZitol (3). - To an ice-cold, 

vigorously stirred solution of 2.62 g (IO mmoles) of 2,3:5,6-di-O-isopropylidene-D- 
gulitol in 13 ml of dry pyridine was added dropwise a mixture of 1.4 ml (1.54 g, 
I I mmoles) of benzoyl chloride in anhydrous pyridine (13 ml). After 12 h at 0” the 
resulting suspension was poured with stirring into 200 ml of crushed ice. The mixture 
was kept overnight in the cold to give a layer of syrup, which was crystallized from 
ethanol giving 2.4g (70%) of 3, m-p. 98-100”. An analytical sample, m-p. 99-lOO“, 
[a];? - 12.5” (c 1.1, th e anol), was prepared by three additional recrystallizations from 
ligroin. 

Anal. Calc. for C,9H2607: C, 62.28; H, 7.15. Found: C, 62.26; H, 7.10. 
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coid and a syrup resulted. Several washings of the syrup with ice-cold water and keeping 
*in the cold afforded a solid, which crystallized from absolute ethanol to give 5; yield 
2,4 g (51%), m-p. 76”. An analytical sample, m-p. 74-75”, [a]G2 + 60.5” (c 0.8, ethanol), 
was prepared after four recrystallizations from ligroin; n.m.r. data: t 1.8-2.1 (multi- 
plet, 2 protons, orrho-aromatic), 2.4-2.7 (multiplet, 3 protons, meta- and para- 
aromatic), 4.9-6.1 (multiple& 7 protons, methylene and methine), 8.4, 8.56, 8.6, 
8.64 (4 three-proton singlets, methyl). 

Anal. Calc. for ClgHZ407: C, 62,62; H, 6.64. Found: C, 62.64; H, 6.63. 
6-0-Benzoyl-D-arabino-3-/rextrlose. - A mixture of 6-0-benzoyl-1,7:4,5-di-O- 

isopropylidene-D-arabino-3-hexulose (1 g), acetone (50 ml), water (15 ml), and 5 g of 
Amberlite IR-120 (Hi) resin was refluxed for 5 h. The mixture was filtered and the 
filtrate was evaporated to provide crystalline 6-O-benzoyl-D-arabino-3-hexulose (89%), 
m.p. 147-148”, [a]g -82.0 (c 0.91, ethanol); n.m.r. data (in chloroform-d after 
exchange with deuterium oxide): 7 1.9-2.7 (multiplet, aromatic), 5.3-6.3 (multiplet, 
methylene and methine), no signal between r 8-9. 

Anal. Calc. for C,3H,607: C, 54.93; H, 5.68. Found: C,54.84; H, 5.67. 
1,5-Di-O-be~lzoyl-2,4-O-berlzy~ide~e-3-O-~~~~etf~y~t~~io)~~~etl~yIxy~itoi (8). - A 

solution of 3.45 g (10 mmoles) of 1,5-di-O-benzoyl-2,4-O-benzylidene-xylitol’2 (6), 
30 m! of methyl sulfoxide (distilled over caicium hydride), and 20 ml of acetic anhydr- 
ide was kept for 20 h at room temperature. The mixture was poured, with s;irring, 
onto ice-water containing potassium carbonate. The powder deposited was collected 
on filter paper, washed several times with cold water, and crystallized from ethanol to 
give 1.2g (41%) of 8, m-p. 156-157”. An analytical sample, m-p. 160-161”, was 
prepared by three recrystallizations from ligroin; n.m.r. data: T 7.8 (3-proton singlet, 
SCH,), 1.8-2.8 (multiplet, 15 aromatic protons, 4.3-6.0 (multiplet, 10 protons, 
methylene and methine). 

Anal. Calc. for C2,H,,0,S: C, 66.12; H, 5.55. Found: C, 66.00; H, 5.58. 
3-0-AcetyZ-1,5-di-O-benzoyZ-2,4-O-be~z~~Zidene_~yIito~ (10). - To 1,5-di-O- 

benzoyl-2,4-0-benzylidenexylitol 1 ’ (1 g) in pyridine (10 ml) was added 1 ml of 
acetic anhydride. The mixture, after being kept overnight at room temperature, was 

poured, with stirring, into an ice-cold solution of potassium carbonate. The precipitate 
was filtered on paper, washed several times with cold water, and crystallized from 
absolute ethanol to give 1.3 g (91%) of 10, m-p. 124-127”. An analytical sample, 
m.p. 128-129”, was prepared by three recrystallizations from ethanol; n.m.r. data: 
5 7.81 (singlet, 3 protons, acetyi methyl) 1.82-2.7 (multiplet, 15 protons, aromatic), 
4.2-5.8 (multiplet, 8 protons, methylene and methine). 

Anal. Calc. for CzsH,,Os : C, 68.56; H, 5.X. Found: C, 68.89; H, 5.55. 
I,5-Di-O-benzoyl-2,4-O-bei~zyiidene-3-O-~t?~etl~yit~~io)~~~et~~y~ribitoi (9). - A 

solution of 3.45 g (10 mmoles) of 1,5-di-O-benzoyl-2,4-0-bentylideneribito14 (7), 
30 ml of methyl sulfoxide, and 20 ml of acetic anhydride was kept for 42 h at room 
temperature. The solution was poured into aqueous potassium carbonate with cooling 
and stirring. The mixture was kept in the cold for several days and the residue was 
filtered off, washed several times with cold water, and crystallized from ethanol to 

Curbolqd. Res., 13 (1970) 89-95 



OXIDATION OF SUBSTITUTED HESITOLS 95 

give 1.75 g of 9, m-p. 98”. After several recrystaliizations from ethanol, the compound 

had m.p. 98-99”. After heating the sample in a high vacuum at 78”, the m.p. increased 
to 116-118”; n.m.r. data: r 7.5 (3-proton singlet, SCH,), 1.7-2.7 (multiplet, 15 
aromatic protons, 4.2-6.0 jmultiplet, 10 protons, methylene and methine). 

Aural. Calc. for C,,H,,O,S: C, 66.12; H, 5.55. Found: C, 66.69; H, 5.96. 
3-0-AcetyI-I,5-di-O-benzoyI-2,4-O-ben~yfideneribito~ (11). - To 1 g of 1 ,5-di-O- 

benzoyE2,P0-benzylideneribito14 in pyridine (10 ml) was added 1 ml of acetic 
anhydride. The mixture, after being kept overnight, was poured, with stirring, into an 

ice-cold solution of potassium carbonate. The precipitate deposited was filtered off and 
washed with cold water. An analytical sample, m.p. 108-log”, was prepared by three 
recrystallizations from ethanol; n.m.r. data: z 7.94 (singlet, 3 protons, acetyl methyl), 
1.8-2.8 (multiple& 15 protons, aromatic), 4.1-6.0 (multiplet, 8 protons, methylene 
and methine). 

Anal. Calc. for C,,H,,O,: C, 68.56; H, 5.34. Found: C, 68.25; H, 5.50. 
Attempted oxidation of I-O-benzoyl-2,3:5,6-di-O-isopropyIidet~e-D-gLiIitoI and 

-D-allitol with chromium trioxide in pyridine. - A mixture of 1 g of the hexitol deriva- 
tive, 0.4 g of chromium trioxide, and 25 ml of anhydrous pyridine was heated for 
120 min at 60”. The mixture was poured with vigorous stirring into ice-water 
containing sodium hydrogen carbonate. The suspension was extracted several times 

with chloroform. The chloroform was dried (magnesium sulfate) and the starting 
gulitol and allitol derivatives were recovered in yields of 70% and 65%, respectively. 

Attempted oxidation qf I-O-benzoyl-2,3:5,6-di-O-isopropylidene-D-r?~ai~t~itol (21, 

-D-gulitol (31, and -D-ailitol (4) with methyl sulfoside, phosphorus pentaoside, and 

phosphoric acid. - A solution of phosphorus pentaoxide in 85% phosphoric acid 
(l:l, by wt) was prepared. To 20 ml of this mixture, methyl sulfoxide (10 ml) and 1 g 
of the hexitol derivative were added with stirrin g. The reaction mixture was kept 
overnight at room temperature and then poured into an aqueous solution of potas- 
sium carbonate, cooled externally_ The precipitate obtained was crystallized from 
ligroin. Compounds 2, 3, and 4 were recovered in yields of 70%, 65%, and 65%, 
respectively. 
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ABSTRACT 

An unsaturated 6-deoxy-L-hexopyranosyltheophylline diacetate was synthe- 
sized, starting from L-rhamnopyranose tetraacetate (l), by the fusion procedure with 
the use of p-toluenesulfonic acid, and also through dehydration with phosphorus 
pentaoxide by way of 2,3,4-tri-0-acetyk-rhamnopyranose (2) in NJV-dimethyl- 
formamide. It was found that 2,3,4-tri-U-acetyl-l,5-anhydro-l,6-dideoxy-L-arabino- 
hex-1-enitol (2,3,4-tri-0-acetyl-2-hydroxy-L-rhamnal) (3) was involved as an inter- 
mediate. The following glycal derivatives were condensed with theophylline by the 
fusion procedure: 2-hydroxy-D-glucal tetraacetate, D-galactal triacetate, 2-hydroxy- 
D-glucal tetraacetate, D-galactal triacetate, 2-hydroxy-D-galactal tetraacetate (6), 
2-hydroxy-D-xylal triacetate, L-rhamnal diacetate, and 1,2,4,6-treta-0-acetyl-3- 
deoxy-D-fhreo-hex-2-enopyranose (‘7). The unsaturated nucleoside analogs thus 
synthesized are described. 

INTRODUCTION 

The synthesis of an unsaturated nucleoside has been reported by Bowles et al. 1 

who utilized various glycal derivatives in an acid-catalyzed, fusion reaction. In a 
similar fashion Leutzinger et aL2 synthesized 9-(2,3-dideoxy-D-erytilro-hex-2- 
enopyranosyl)guanine. The introduction of 2’,3’-unsaturation has also been described 
in the synthesis of pyrimidine3m4 and purine’ nucleosides, based largely on the 
intermediate formation of a 2’,3’-anhydronucleoside or an oxetane ring in a base- 
catalyzed, elimination reaction_ McCarthy et ~1.~~~ synthesized angustmycin A 
(decoyinine) from 1’,3’,4’-O-orthoformylpsicofuranine. 

In the course of our studies on the synthesis of nucleosides’, it was found that 
a double bond was formed in the sugar moiety of the products obtained when 
theophylline was condensed with the tetraacetate 1 by the fusion procedure or when 
the triacetate 2 reacted with theophylline by the dehydrating procedure. The present 
paper describes a new reaction for the synthesis of 7-(2,4-di-0-acetyl-3,6-dideoxy-x-r_- 
erythro-hex-Zenopyranosyl)theophylline (5) and the synthesis of several theophylline 
nucleoside derivatives having 2’,3’-unsaturation. 

*Dedicated to the memory of Professor M. L. Woifrom. 
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RESULTS AND DISCUSSION 

Condensation of 1 with theophylline was effected by fusion in the presence of 
p-toluenesulfonic acid. White, fine needles were obtained in 2.5% yield. The n.m.r. 
spectrum of the product showed signals for two acetoxy groups, two N-methyl 
groups, and four protons attributable to the sugar moiety, indicating absence of 
a proton at C-2’. The anomeric configuration was tentatively assigned on the basis of 
the observed negative optical rotation and the negative, plain o.r.d. curve. 

The position of substitution on the theophylline residue was determined to be 
N-7 by U.V. spectroscopy. The Jvalues (J3r,4t 2.7 Hz, J4S,5. 7.5 Hz) obtained by n.m.r. 
spectroscopy on 5, as reported in the previous paperg, suggest that the double bond 
is probably between C-2’ and C-3’, and that the acetoxy group is attached to C-2’ 
(compare the n.m.r. data obtained with 1,2,4-tri-U-acetyl-3,6-dideoxy-a-D-erythro- 
hex-2-enopyranose”). The analytical results aIso supported this suggestion. Con- 
sequently, the product was identified as 7-(2,4-di-0-acetyl-3,6-dideoxy-a-L-erythro- 
hex-2-enopyranosyl)theophylline (5). The best yield of 5 in the fusion procedure was 
obtained by heating the mixture for 30 min at 160-170” under diminished pressure. 

Deacetylation of the product with methanolic ammonia caused fission of the 
glycosidic bond and theophylline was recovered. Compound 5 did not undergo 
hydrogenation over platinum oxide in methanol, possibly because of steric reasons. 

Other addends such asp-nitrophenol and 6-benzamidopurine were used in place 
of theophylline, but no unsaturated condensation products were detected in the 
reaction mixture. The use of acetylated hexopyranoses in place of 1 gave the usual 
condensation products and no unsaturated products were detected. 

Me 
OAc 4 I ? 

AcO -C 

1 

AcO OAC AcO OAc 

2 
R = Theaphyllin-7-yl 

(A) By thefusion procedure, (B) By the dehydration procedure 

Condensation of 2 with theophylline occurred on heating in N,N-dimethyl- 
formamide for 140 h at 60-70”, with phosphorus pentaoxide as a dehydrating agent. 
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The reaction product was an unsaturated L-hexopyranosyltheophylline, obtained in 
4.5% yield; the product was proved to be identical with 5 produced by the fusion 
procedure described above. 

In order to verify the structure of 5 and to deduce the mechanism of these 
reactions, some related reactions were investigated. The reaction of 1,2,3,4-tetra-O- 
acetyl-6-deoxy-L-mannopyranose with theophylline by the fusion procedure did not 
give an unsaturated product, but instead produced a saturated compound 7-(2,3,4- 
tri-0-acetyM-deoxy-L-mannopyranosyl)theophylline in 61% yield. The structure of 
this product was determined from the signals of three acetoxy groups and five protons 
attributed to the sugar moiety in the n.m.r. spectrum, and from elementary analytical 
data. It was considered that the substituent at C-5’ took little or no part in the forma- 
tion of a double bond in the reaction product. 

7-(2,3,4-Tri-O-acetyl-6-deoxy-a-L-galactopyranosyl)theophy~ne was prepared 
by condensation of 2,3,4-tri-0-benzoyE6-deoxy-cr-L-galactopyranosyl bromide1 ’ 
with chloromercuritheophylline in boiling xylene, with subsequent removal of the 
protecting groups followed by acetylation in pyridine”. Although this compound 
was treated under the same reaction conditions as those used for synthesis of 5, the 
compound was recovered unchanged. Therefore, it was considered that the unsatura- 
tion was formed in the sugar moiety before N-glycosylation. Subsequently, 1 was 
heated for 15 min at 130-140” in presence of p-toluenesulfonic acid under diminished 
pressure. Two spots [RF 0.44 (A) and RF 0.69 (B)] were observed by t.1.c. on Kieselgel- 
G with 1:9 (v/v) ethyl acetate-benzene as the developer. The two fractions were 
isolated as syrups by column chromatography with use of the same solid phase and 
eluting solvent. The n.m.r. spectrum of the product from fraction A showed the 
signals of three acetoxy groups and four other protons, and the existence of a double 
bond was indicated by the appearance of u-v. absorption at A::,“” 228 nm. It was also 
found that no specific absorption appeared at 3200-3300 cm- ’ that could be assigned 
to a hydroxyl group in the i.r. spectrum. The product showed the same mobility as 
that of synthetic 2-hydroxy-L-rhamnal triacetate (2,3,4-tri-0-acetyl-1,5-anhydro-1,6- 
dideoxy-L-arabino-hex-1-enitol, 3). 

The syrup obtained from fraction B was considered to be 2,4-di-O-acetyl-3,6- 
dideoxy-L-eryflzro-hex-2-enopyranose (4), as shown by n.m.r., i-r., and U.V. spectral 
measurements. The n.m.r. spectrum showed that two acetoxy groups and four other 
protons were present. A hydroxyl group was indicated by the i.r. spectral absorption 
at 3200-3300 cm- ‘. A broad absorption at jlK;zH 228 nm indicated the presence of a 
double bond in the product. 

These results suggest that the double bond in 5 is formed in the sugar moiety 
before Wglycosylation. 

Theophylline was condensed with 3 under the same conditions. Apparently 
degradation of 3 took place to a large extent, and the uncrystallized reaction product 
was subjected to t.1.c. on Kieselgel-G with 80% butyl alcohol (i) and 3:7 (v/v) ethyl 
acetate-benzene (ii) as the developer. The RF value of the product was 0.66 with 
solvent (i) and 0.54 with solvent (ii), respectively. These values are the same as those 
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of 5 synthesized by the fusion procedure, suggesting, therefore, that N-glycosylation 
takes place between the unsaturated sugar molecule and theophylline. 

Me 

ctl,oAc 

AcoQR Acoe AcoaR Aco&qR 
OAC OAc 

9 10 11 12 

R = Theophyllin-7-yl 

In order to investigate further the structure of the product from 3, and to 
attempt to explain the mechanism of formation of a double bond in the sugar molecule, 
some unsaturated nucleoside analogs were synthesized, by using glycal derivatives. 
Theophylline was condensed in presence of a catalytic amount of p-toluenesulfonic 
acid with the fully acetylated derivatives of following glycals: 2-hydroxy-D-galactal 
(6), 2-hydroxy-D-glucal, D-galactal, L-rhamnal, 2-hydroxy-D-xylal, and 1,2,4,6-tetra- 
0-acetyl-3-deoxy-o-threo-hex-2enopyranose (7); to give 7-(2,4,6-tri-0-acetyl-3- 
deoxy-/3-D-three-hex-Zenopyranosyl)theophylline (S), 7-(2,4,6-tri-0-acetyl-3-deoxy- 
a-z)-erythro-hex-2-enopyranosyl)theophylline (9), 7-(4,6-di-0-acetyl-2,3-dideoxy-p-n- 
three-hex-2-enopyranosyl)theophylline (IO), 7-(4O-acetyl-2,3,6-trideoxy-/3-L-erythr& 
hex-2-enopyranosyl)theophylline (ll), 7-(2,4-di-0-acetyl-3-deoxy-a-D-glyceru-pent-2- 
enopyranosyl)theophylline (12), and 8, respectively. 

Further investigations on the mechanism for the formation of unsaturation in 
the acetylated t_-rhamnopyranose molecule are desirable. 

EXPERIMENTAL 

General methods. - Melting points were measured on a hot stage. Specific 
rotations were determined with Yanagimoto direct-reading polarimeter. N.m.r. 
spectra were observed with a Varian A-60 spectrometer at ca. 30”. Tetramethylsilane 
in chloroform-d was used as internal standard. Chemical shifts are expressed on the 
r scale in p_p.m_ and the coupling constants in Hz were obtained by direct measure- 
ment of spacings of the spectral lines. Multiplet spacings were measured at a sweep- 
width of 250 Hz. The concentration of the sample solutions’ was about 10%. 1.r. 
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spectra were measured with Shimadzu Ar-7 spectrometer. 0.r.d. curves were obtained 
with a Yanagimoto ORD-185 instrument_ U.V. spectra were measured with Hitachi 
multipurpose spectrometer. T.1.c. was performed on Kieselgel-G with 86:14 butyl 
alcohol-water, or 1:9 and 3:7 ethyl acetate-benzene as developing solvents, and 
detection was performed with 50% sulfuric acid. 

2,3.4-Tri-O-acetyI-6-cleoxy-a-r_-n1~nnopyrmrose (2). - The syrupy tetraacetate 
1 (10 g), prepared by acetylation of L-rhamnopyranose monohydrate with acetic 
anhydride-pyridine, was dissolved in a mixture of acetic acid (4 ml) and acetic 
anhydride (4 ml) at 0”. To the solution was added 30 ml of acetic acid saturated at 0” 
with hydrogen bromide, and the reaction mixture was kept for 3 h at 16”. The reddish 
solution was poured dropwise into ice-water with vigorous stirring during 1 h. The 
reaction product was extracted twice with 50 ml of chloroform_ The chloroform 
layer was washed with an aqueous solution of sodium hydrogen carbonate and water, 
dried over calcium chloride and evaporated in cacao to a syrup. Ether (80 ml) was 
added to the syrup and the resultant solution was decoiorited with activated carbon. 
Refrigeration of the solution and recrystallization from ether gave fine needles; 
yield 5.6 g (64%); m.p. 90-91”, [a]h6 - 130” (c 0.5, chloroform); n.m.r. data (chloro- 
form-n): r 4.83 (3 protons, H-l, H-2, H-3), 5.85 (quartet, H-4), 6.5 (quartet, H-5), 
7.85, 7.93, 8.0 (9 protons, OAc), 8.76 (3 protons, doublet, H-6), ;izti 3430 (OH), 
173O(C=O), 1225 cm-‘(OAc). 

Anal. Calc. for CltHIgOs: C, 49.65; H, 6.25. Found: C, 49.30; H. 6.61. 
Fusiotl reaction of I,2,3,4-tetra-O-acetyl-6-deoxy-L-nzannop~~ra/zose (1) to give 

(3) and (4). - Compound 1 (3 g) was heated for 15 min at 130-140” with a catalytic 
amount of p-toluenesulfonic acid under diminished pressure. The reaction mixture 
was dissolved in a small volume of 1:9 (v/v) ethyl acetate-benzene and subjected to 
column chromatography (monitored by t.1.c.) to give two fractions. 

Evaporation of the first fraction gave 3 as a syrup; n.m.r. data (chloroform-d): 
z 5.29 (doublet, H-l), 4.8 (doublet, H-3), 4.68 (quartet, H-4), 6.32 (octet, H-5), 7.9, 
7.99, 8.05 (9 protons, OAc), 8.72 (3 protons, H-6); vzX 1780 (C=O), 1225 cm- ’ 

(GAc); 2~;~” 228 nm. The second fraction gave 4, also as a syrup; n.m.r. data 
(chloroform-n): r 4.9 (singlet, H-l), 4.3 (doublet, H-3), 4.8 (quartet, H-4), 6.2 (octet, 
H-5), 7.83,7.95 (6 protons, OAc), 8.70 (3 protons, H-6); v$& 3450 (OH), 1740 (C = 0), 
1225 (OAc), 835 cm- r (C=C); ,I:::” 228 nm. 

7-(2,4-Di-O-acetyl-3,6-dideo~y-a-L-erythro-he~-2-enopyra~zos~~~theophyllirze (5). 
- Syrupy l(5 g) and 2.7 g of theophylline were heated at 160-l 70” in an oil bath. To 
the molten mixture 0.1 g of p-toluenesulfonic acid was added with vigorous stirring. 
After 30 min at 160-170” under diminished pressure, the mixture was dissolved in a 
small volume of ethanol, decolorized with active carbon and kept overnight in a 
refrigerator. The crystalline product was recrystallized twice from ethanol to afford 
fine needles; yield 1.5 g (25%); m-p. 192-193”, [a]2 - 121” (c 0.55, chloroform); 
JEtoH 274 nm, %zEH 244 nm; n.m.r. data (chloroform-6): 7 2.12 (1 proton, H-8), -mnx 
3.25 (broadened singlet, H-l’), 3.90 (quartet, H-3’), 4.69 (octet, H-4’), 6.21 (octet, 
H-5’), 6.40, 6.59 (MeN-1 and -3), 7.86, 7.91 (6 protons, OAc), 8.76 (3 protons, 
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doublet, H-6’), ?z 1770 (C=O), 1695,1717 (C=O), 1560 (C=C), 1225 (OAc), 840, 
835 cm-’ (C=C); o.r.d. data (c 0.1, chloroform, 20”): negative plain curve. 

Anal. Calc. for C1,H2,,N40,: C, 52.54; H, 5.11; N, 14.28. Found: C, 52.04; 
H, 5.12; N, 14.29. 

Compound 2 (5 g) and theophylline (4.5 g) were dissolved in 100 ml of N,N- 
dimethylformamide containing 2.5 g of phosphorus pentaoxide. The mixture was 
heated for 140 h at O-70” with exclusion of moisture, and the reaction mixture was 
poured into separatory funnel containing equal volumes of chloroform and ice-water. 
The chloroform layer was washed with ice-water three times, dried over anhydrous 
sodium sulfate and evaporated under diminished pressure. The residual syrup was 
dissolved in a small volume of hot ethanol. After decolorization, the ethanolic 
solution was kept overnight in a refrigerator. The crystalline product obtained was 
recrystallized from ethanol; yield 350 mg (4.5%), m.p. 192-193”, [a]? - 121.3” 
(c 0.55, chloroform); A!$gH 244 nm. 

Anal. Calc. for C,,H2cN407 : C, 52.04; H, 5.11; N, 14.28. Found: C, 51.95; 
H, 5.05; N, 14.26. 

The n.m.r., i.r., u.v., and o.r.d. data for this compound wereidentical with those 
of 5 produced by the fusion procedure. 

7-(2,4,6-Tri-O-acefyZ-3-deoxy-8_D-threo-hex-2-enopyr~osy~)theophyiZine (8). - 
Compound 6 (7.8 g) and 4.0 g of theophylline were condensed by heating for 20 min 
at 180-200” in the presence of p-toluenesulfonic acid. After treatment of the reaction 
mixture as described above, white crystals were obtained in 23% yield; m.p. 203-205", 
bl f: -10.7” (c 0.28, chloroform); 1,,, EtoH 275 nm, Neil” 246 nm; o.r.d. data (c 0.1, 
chloroform, 20”): a negative plain curve; n.m.r. data: r 2.27 (1 proton, H-S), 3.12 
(doublet, H-l’), 3.67 (quartet, H-3’), 4.57 (quartet, H-4’), 5.97 (octet, H-5’), 5.78 
(quartet, H-6’), 6.40,6.58 (MeN-1 and -3), 7.89,7.93,8.05 (9 protons, 0Ac); I$$ 1775, 

1723 (C=O), 1560 (C=C), 1225 (OAc), 835 (C=C) cm-‘. 
Compound 7 (5 g) and theophylline (2.8 g) were condensed as described above. 

The product was obtained in 33% yield and its physical properties were identical with 
those of compound 8 prepared by the condensation of 6 with theophylline. 

Anal. Cab for CIgH,,N,09: C, 50.66; H, 4.92; N, 12.44. Found: C, 50.53; 
H, 5.03; N, 12.53. 

7-(2,4,6-Tri-O-acefyZ-3-deo~-a-D-erythre (9). 
- 2-Hydroxy-D-glucal tetraacetate (3 g) and theophylline (2 g) were melted at 130” in 
an oil bath. After the addition of 0.1 g of p-toluenesulfonic acid, condensation was 
performed for 20 min at 130-140” under diminished pressure. To the reaction mixture 
was added 10 ml of ethanol and the mixture was then decolorized with active carbon. 
A crystalline product was obtained, yield 1.7 g (42%); m-p. 8688”, [a]h6 f80” 
(c 1.0, chloroform); AgtH 276 run, A,,, “cH 245 nm; n.m.r. data (chloroform-d): z 2.08 
(1 proton, H-S), 3.17 (singlet, H-l’), 3.84 (quartet, H-3’), 4.39 (octet, H-4’), 5.80 
(2 protons, H-6’), 6.13 (octet, H-5’), 6.40, 6.60 (MeN-1 and -3), 7.83, 7.85, 7.96 
(9 protons, OAc); ~2: 1750,171O (C=O), 1550 (C=C), 1220 (OAc), 840,835 cm-’ 
(C=C); or-d. data (c 0.1, chloroform, 20’): a positive plain curve. 
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Anal. Calc. for C,aH,,N,O, -0.5 H,O): C, 49.64; H, 5.05; N, 12.20. Found: 
C, 49.83; H,5.13; N, 12.39. 

7-(4,6-Di-O-acetyZ-2,3-dideoxy-P_D-threo-~zex-2-enopyranosyl)tlreophylline (IO). 

- Condensation of D-galactal triacetate (4.9 g) with theophylline (3.9 g) was effected 
for 30 min at 140-150” in the presence ofp-toluenesulfonic acid and under diminished 
pressure. The reaction mixture was dissolved in 22 ml of ethanol and the crystalline 
product that formed was recrystallized from ethanol; yield, 12%; m-p. 208-210”, 
[a]: 0” (c 0.25, chloroform); AzEH 274 nm, AEgH 245 nm; o.r.d. data (c 0.1, chloro- 
form, 20”): a negative plain curve, n.m.r. data (chloroform-d): z 2.22 (1 proton, H-8), 
3.09 (H-l’), 4.98 (H-2’), 4.73 (H-3’), 4.55 (1 proton, H-4’), 5.80 (2 protons, H-6’), 
6.02 (1 proton, H-5’), 6.42,6.60 (MeN-1 and-3), 7.82,7.94 (6 protons, OAc); vE:i 1750, 
171O(C=O), 155O(C=C), 1220(OAc),835 cm-‘(C=C). 

Anal. Calc. for C,,H2eN407: C, 52.04; H, 5.14; N, 14.28. Found: C, 51.80; 
H, 4.93; N, 14.13. 

7-(#-0-Acetyll-2,3,6-trideoxy-P_L-erythro-hex-2-enopy~~osy~theophyl~ine (11). 

-The condensation reaction was performed for 15 min at 130-140” in the presence of 
p-toluenesulfonic acid with 1 g of L-rhamnal diacetate and 0.9 g of theophylline; 
yield, 23.4%; m.p. 85-86”, [or];” +71.7” (c 0.55, chloroform); AzgH 274 nm AEvz 
247 nm; o.r.d. data (c 0.1, chloroform, 20”): a positive plain curve; mm.;. data 
(chloroform&): z 2.22 (1 proton, H-8), 3.30 (H-l’), 5.12 (H-2’), 4.22 (H-3’), 4.67 
(H-4’), 5.86 (H-5’), 6.40, 6.60 (MeN-1 and -3), 8.10 (3 protons, OAc), 8.66 (H-6’); 
v rf; 1720, 1690 (C=C), 1220 cm-’ (OAc). 

Anal. Calc. for C,5H,8N40s: C, 53.88; H, 5.43; N, 16.76. Found: C, 53.88; 
H, 5.67; N, 16.65. 

7-(2,4-Di-O-acetyyl-3-deoxy-a-~glycero-pent-2-enopyranosy~theophyZZine (12). - 

Condensation of 2-hydroxy-D-xylal triacetate (1.9 g) with theophylline (1.35 g) was 
performed for 20 min at 140” under diminished pressure_ The product was obtained 
amorphous; [a]$” _t 15” (c 0.1, chloroform); r-‘,‘Fz 276 nm, Agg,” 247 run; 0-r-d. data 
(c 0.1, chloroform, 20”): a positive plain curve; n.m.r. data (chloroform-d): r 2.23 
(1 proton, H-S), 3.18 (H-l’), 3.80 (H-3’), 4.61 (H-4’), 6.18 (2 protons, H-5,, 5’), 6.40, 
6.60 (MeN-1 and -3), 7.87,7.89 (6 protons, OAc); v=z 1770,1710(C =O), 1550 (C = C), 
1230 cm- r (OAc). 
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NUCLEOSIDES VI: THE SYNTHESIS AND OPTICAL PROPERTIES OF THE 
5’-(ADENIN-9-YL)-5’-DEOXY DERIVATIVES OF THYMIDINE AND 
2’-DEOXYADENOSINE” 

R. FECHER, K. H. BOSWELL, J. J. WIT-I-ICK, AND T. Y. SHEN* 

Merck, Sharp and Dobrne Research Laboratories, Rahrcay, New Jersey 07065 (U. S. A.) 
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ABSTRACT 

Two “double-headed’* nucleosides, 5’-(adenin-9-yl)thymidine (3) and 5’- 
(adenin-9-yl)-2,5’-dideoxyadenosine (4) have been synthesized from a 5’-deoxy-5’- 
tosyl precursor through displacement of the tosyl group by adenine (sodium salt) in 
N,iV-dimethylformamide. The site of attachment of the incoming adenine moiety was 
established by degradation of 3 to 9-(2-hydroxyethyl)adenine. Some intramolecular 
base-base interactions in 3 and 4 were indicated by their U.V. and c.d. spectra. 

INTRODUCTION 

During our previous study of nucleoside derivatives as potential antiviral 
agents, a group of 5’-deoxy-5’-substituted derivatives of ribosyl, o-erythro-pento- 
furanosyl, and arabinosyl nucleosides were investigated as novel nucleotide analogs 
that are permeable and nonincorporable’ . These derivatives possess a polar sub- 

stituent at C-5’, which was selected to mimic the ionic structure and the speculated 
stereochemistry of the 5’-mono and triphosphates. It was noted that the nature of 
5’-substituent exerted a profound influence on the o.r.d, and c.d. spectra. Anomalous 
circular dichroism (c.d.) bands near 260 nm were displayed by several 5’-adenylic 
acid derivatives*, such as adenosine 5’-[(imidazol-I-yl)phosphonate] and adenosine 
5’-[(pyrazol-1-yl)phosphonate] and several 5’-thiosubstituted 5’-deoxyadenosines3, 
presumably attributable to some interaction between the functional group at C-5’ 
with the adenosine chromophore. 

In order to extend this observation we have synthesized two “double-headed” 
nucleosides, the 5’-(adenin-9-yl)-5’-deoxy derivatives of thymidine (3) and 2’-deoxy- 
adenosine (4), respectively. The selection of adenine as the 5’-substituent was based 
on the well-known stacking interaction of two purine or pyrimidine bases ca. 3.4 A 
apart in oligo or polynucleotides. Models of 3 and 4 show that the two heterocyclic 

r&-systems at both ends of the 2-deoxy-D-eryrhro-pentofuranose molecule can 
rotate freely to assume several conformations that would allow maximum n-inter- 

*Dedicated to the memory of Professor M. L. Wolfram. 
~To whom all enquiries should be addressed. 
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actions. In the study of charge-transfer complexes related to nicotinamide adenine 
dinucleotide, a pronounced interaction was demonstrated when the donor-acceptor 
pair was linked covalently by two methylene groups4. Very recentiy Brown, Eisinger 
and Leonard’ have described a thorough spectrophotometric study of dinucleotide 
analogs having two bases linked by a fiexible oligomethylene chain. The 2’-deoxy-D- 
erythro-pentose moiety in compounds 3 and 4 not only provides a more rigid backbone 
but also permits comparison of their cd. and 0.r.d. spectra with those of the corre- 
sponding dinucleotides. 

DISCUSSION 

Of the possible synthetic routes available to form “double-headed” nucleosides, 
direct alkylation of the sodium salt of adenine by preformed 5’-deoxy-5’-O-tosyl- 
nucleosides in N,N-dimethylformamide proved to be the most convenient. 

From the alkylation mixture of 1, compound 3 was readily isolated as a 
crystalline monohydrate, m.p. 239-240” in co. 30% yield. In the case of 2, a substance, 
seemingly homogeneous, was obtained first. It gave a single spot in three t.1.c. and 
two paper-strip chromatography systems, and had the empirical formula expected 
(C1SH1gN1,,02) for 4. However, the n.m.r. spectrum of this solid indicated extraneous 
peaks in the region for the signals of H-2-H-S in adenosine. After careful chromato- 
graphy a major component (ca. 75%) was isolated and identified (see below) as the 
desired 5’-(adenin-9-yl)-2’,5’-dideoxyadenosine (4), m-p. 305-306”. The minor 
component (CU. 25%) is presumably an isomer of 4, but further investigation will be 
needed to establish its structure. 

It has been demonstrated’ previously that alkylation of the sodium salt of 
adenine by alkyl halides in NJV-dimethylformamide produces mainly substituted 
adenine at N-9. The n.m.r. spectra of 3 and 4 are indicative of a 2’-deoxy-D-erythro- 
pentofuranose having base substitutions at C-l’ and C-5’. The U.V. spectra of 3 and 4 
are relatively insensitive to pH changes, a characteristic of 9-alkyladenines6, and the 
U.V. spectrum of 4 is almost identical with that of 5’-(adenin-9-yl)-5’-deoxyadenosine’ 
synthesized by an unambiguous route. 

To avoid any ambiguity that might arise from the intramolecular interaction of 
the two u.v.-absorbing chromophores at C-l ’ and C-5’, compound 3 was degraded 
chemically by the following sequence of reactions to a known reference compound, 
9-(2-hydroxyethyl)adenine (3). 
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First, the thymine moiety in 3 was eliminated by hydrazinolysis’. The resulting 

hydrazone (5) was cleaved with benzaldehyde to liberate the 2’-deoxy-D-eryt/jro- 
pentose derivative (7). Treatment of 7 with periodate followed by reduction with 
borohydride yielded 9-(2-hydroxyethyl)adenine (S), identified by direct comparison 

with an authentic specimeng. Both samples gave identical U.V. and i.r. spectra, and 
identical t.1.c. and paper-strip chromatographic data. In addition, in their mass 
spectra both samples showed a molecular ion having m/e 179 and identical fragmenta- 
tion patterns. Consequently, it was concluded that the adenine moiety in compound 3 
is attached to C-5’ through N-9. 

The U.V. spectra of 3 and 4 in comparison with those of their components 
(thymidine, 2’-deoxyadenosine, and 9-alkyladenine) show a blue shift and hypo- 
chromicityl’. Brown et aZ5. have compared for hypochromism the U.V. spectra of the 
model compounds* Ad(CH&Ty and Ad(CH&Ad and their components Ad- 
(CH&H and Ty(CH,),H. Although we have not calculated the hypochromism for 3 
and 4, the extinction coefficients have approximately the same magnitude as the 
extinction coefficients for Ad(CH,),Ty and Ad(CH&Ad. Presumably, similar 
base-base interaction could exist in both cases. 

The c.d. spectra of 3 and 4 reflect significant changes from the spectra of 
adenosine (disregarding the 2’-deoxy group), and thymidine. In a similar manner as 
does ApA, the absorption band near 257 nm in both 3 and 4 gives rise to two pro- 
nounced c.d. bands of opposite sign. However, the latter compounds exhibit negative 

c.d. bands at the longer wavelength, as opposed to ApA where the long-wavelength 
c.d. band is positive. Further investigation of the significance of these optical pro- 
perties is in progress. 

*The following abbreviations are used: Ad, adenin-9-yl; Ty, thymin-l-yl; C3, n-propyl; ApA, 
adenylyl-(3’-+5’)-adenosine. 
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TABLE I 

ULTRAVIOLET SPECIRAL DATA 

Compound (pK 7) 2 “la.. 01tn) EX 103 elmin (?11?1) EX 103 ReT. 

9-Propyladenine 261.0 14.3 227 2.47 u 
2’-Deoxyadenosine 259 15.0 225 .!I 
4 256 24.9 228 5.2 
Ad(CH&Ad 256 24.4 228.5 2.34 n 
Tbymidine 267 9.65 235 b 
3 257 19.84 225 6.80 
AdlCH&Ty 261.5 19.85 232 5.03 <I 

=Ref. 5. 6Handbook of Biochemistry. 
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Fig. 1 

EXPERIhlENTAL 

5’-(Ar/e~ziiz-9-y()-5’-rleo~ythy~nliriiIle (3). - To a suspension of adenine (2.0 g., 
14.8 mmoles) in NJV-dimethylformamide (60 ml) under nitrogen at room temperature 
was added 408 mg (8.35 mmoles) of sodium hydride (52% dispersed in mineral oil) 
and the mixture: was stirred for 2.5 h. 5’-O-Tosylthymidine’ 2 (I) (3.2 g, 8.07 mmoles) 
was added, and the reaction flask was heated in an oil bath for 15-30 min at 75-90”. 
The reaction was monitored by t.1.c. (silica gel) with 10: 1 (v/v) chloroform-methanol; 
the product was detected as a new u.v.-absorbing spot that also gave a positive 
Buchanan testr3. 

The solvent was evaporated off in ~acuo and the residue was triturated with 
50 ml of ice-water containing a small amount of acetic acid. The precipitate was 
collected and recrystallized from 275 ml of boiling water to give 0.94 g (3 I %) of a 
crude product, m.p. 227-234”. An analytically pure monohydrate (m.p. 239-240”) 
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was obtained by a second recrystallization from water; U.V. data: 1-i;: 257 (E 19,840), 
2:~: 235 (E 6,800), I&;MN30H 260 (E l&200), L;nOilnh’N=oH 238 (E 9, IOO), ,_A;:“’ “‘I 260 

(E l&700), Il$Jr”C’ 233 nm (E 5,600); n.m.r. data: (Me$O-&): t 8.1 (singlet, 
3 protons, CH,), 7.85 (multiplet, 2-3 protons, H-2’), 5.60 (multiplet, 4-5 protons, 
H-3’, 4’, 53, 3.81 (triplet, 1 proton, H-l ‘), 2.80 (singlet, 2 protons, NH2), 2.63 
(singlet, 1 proton, thymine H-6), 1.89 (singlet, 1 proton, adenine H-2 or H-S), 1.80 
(singlet, 1 pr t o on, adenine H-2 or H-S), - 1.29 (singlet, 1 proton, thymine NH); 
cd. data (20% MeOH-H,O, pH 7): 0 3oo (0), &3 negative max (-27,500),.&s (O), 
0250 positive max (8,600), O’s7 (0), 0zZ5 negative max (-6,500), Otzo (0). 

Anal. Calc. for CrsH,,N704.HZO: C. 47.74; H. 5.08; N, 25.98; Found: 
C, 47.46; H, 4.95; N, 25.64. 

5’-(Adenin-9-yl)-2’,5’-dideoxyadenosine (4). - To a suspension of the sodium 
salt of adenine (1 mmole) in NW-dimethylformamide (5 ml) was added 2’- 
deoxy-5’-U-tosyladenosine’” (2) (405 mg, 1 mmole). The thick suspension was 
heated on a steam bath until solution had occurred and further heated for 0.5 h. The 
darkened solution was concentrated ;)I vacua at 50” and from the residue was evapo- 
rated repeatedly portions of water (3 x 15 ml) and ethanol (2 x 15 ml). The residue was 
triturated successively with dichloromethane (3 x 15 ml), ether, and methanol 
(3 x 15 ml) to give 300 mg of a tan solid. Additional solid could be obtained by 
concentrating the methanolic mother liquors to half volume and keeping them over- 
night. The crude solid was dissolved in hot water and cooled to a gel, which yielded 
150 mg of solid after trituration. 

A 60 mg sample of the above solid was chromatographed on three 2-mm 
Brinkmann silica-gel plates (F-254) with 3:3:2 ethyl acetate-isopropyl alcohol-water 
as the eluent. The major front-running band (I&. O-4-0.5) was scraped off and 
extracted with ethanol overnight to yield a solid, which was recrystallized from hot 
water to give 23 mg of 4 (14%) as a multiple hydrate (12.9% H?O). The crystalline 
hydrate lost water upon heating to 100” and melted at 305-306”; U.V. data: I_:;: 256 
(& 25,900), ;L;;z 228 (.s 5,200), I,,$;X”N”o” 255.5 ( E 24,800) ;;i;hrNnoH 229 (E 5,500), 
;:” ‘rHC’ 256 (E 25,500), ici,“;‘,” “=I 229 na3X nm (E 5,900); n.m.r. data (Me,SO-rl,): T 3.60 
(triplet, 1 proton, H-l ‘), 2.70 (singlet, 2 protons, NH2), 2.82 (singlet, Zprotons, NH*), 
2.09 (singlet, 1 proton, adenine H-2 or H-S), 1.82 ( singlet, 2 protons, adenine H-2 or 
H-8), 1.75 (singlet, 1 proton, adenine H-2 or H-S); c.d. data pH 7, &so (0), BZ7+ 
negative max (- 10,500), 6,,2 (0), O,,, positive max (20,000). UZXX (0). LJZZ2 negative 
max (-6,900), Q2, 5 (0), 8, ,t positive max (9,000), Q,,, (0). 

Anal. Calc. for C,sH,6N1001: C, 48.91; H, 4.38; N, 38.03. Found: C, 49.03; 
H, 4.42; N, 37.99. 

Degradation of3 to 7. - A solution of 0.5 g of (3) in 50 ml of 97% hydrazine 
was heated for 6 h at 60-65” and evaporated to dryness in vacua at 50”. The residual 
hydrazine was removed by repeatedly suspending the crude reaction mixture in 25 ml 
water and evaporating to dryness in racuo. The final residue was triturated with 10 ml 
of water in an ice-bath, and the insoluble 4-methyl-5-pyrazolone (6), (66 mg, ,?!$t 
244 , I”=* 357 nm) was filtered off. The filtrate was shown by t.1.c. to contain a ?nSI - 
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mixture of unchanged 3,5, and a small amount of 6. After the addition of 25 ml water 
and 2 ml of benzaldehyde, enough ethanol was added to give a clear solution. A 
solid began to precipitate immediately. The suspension was stirred for 12 h and the 
precipitate (benzalazine, I.zazH 302 nm) was filtered off and washed with a small 
amount of water. The filtrate was combined with the washing and extracted 3 times 
with 50 ml of ether. The aqueous phase was evaporated to dryness ziz zuzcuo and 
triturated with 10 ml of methanol. The supematant was evaporated to dryness and 
triturated with methanol again. The process was repeated for three times to yield 
125 mg of slightly contaminated 5’-(adenin-%yl)-2’-deoxy-D-erythro-pentose Q, 
which was used in the following experiment without further purification. 

9-(2-Hydroxyethyl)adenine (8) from 7. - A solution of 213 mg of sodium 
metaperiodate in 5 ml of water was added to 100 mg of 7 in 4 ml of water. The 
mixture was stirred for 20 min and then passed through a lo-ml column of Dowex-1 
(OAc-). The column was washed with 100 ml of 20 mu acetic acid and to the combined 
effluent was added 200 mg of sodium borohydride. After 20 h, 10 ml of M acetic acid 
was added and the solution was passed through a lo-ml column of Dowex-504H (H+)_ 
The column was washed with 100 ml of water and the product was eluted with 100 ml 
of 5 M ammonium hydroxide”. The ammonia solution was evaporated to dryness in 
vacua, redissolved in water, and evaporated to dryness again. The residue was 
dissolved in 10 ml of methanol and cooled. The precipitate was collected and tenta- 
tively identified as S-(adenin-9-yl)-2’-deoxy-D-erytltro-pentitol (9) on the basis of 
its i-r. spectrum, which was almost identical with that of 8 and also by elementary 
analysis. The mother liquor was evaporated to dryness and the residue was freed 
from the remaining 2’-deoxy-D-erytl?ro-pentitol derivative by t.1.c. chromatography 
(2-mm Brinkmann silica-gel plates (F-254) eluted with 1:4 methanol-dichloromethane. 
The recovered 9-(2-hydroxyethyl)adenine (8) was recrystallized* from methanol, 
m.p. 234-235”. 
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ABSTRACT 

Addition of 5-0-benzyl-1,2-O-isopropylidene-cr-~-erythro-pentofuranos-3-ulose 
(1) to excess nitromethane and I molar equivalent of sodium methoxide in methanol 
gave 5-O-benzyl-1,2-O-isoFtropylidene-3-C-nitromethyl-cr-D-ribofuranose (2) in 60% 
yield. Under essentially the same conditions, 1,2:5,6-di-0-isopropylidene-cr-D-&o- 
hexofuranos-3-ulose (4) yielded 1,2:5,6-di-O-isopropylidene-3-C-nitromethyl-or-o- 
glucofuranose (5) in 71% yield. Treatment of the ketose 4 with nitromethane and 
sodium hydride gave 5 and the allo-epimer 5a in a total yield of 91%. The proof of 
structure of the branched-chain nitro sugars is described. Selective hydrolysis of 5 
gave the partially blocked nitro sugar 6, which was converted by catalytic hydrogen- 
ation into the branched-chain amino sugar 9 (characterized as its N-acetyl derivative). 
Oxidation of 6 with sodium metaperiodate, followed by reduction of the aldehydo- 
derivative with sodium borohydride, afforded 1,2-0-isopropylidene-3-C-nitromethyl- 
a-D-xylofuranose (7). Reduction of 7 yielded the partially blocked amino sugar 13. 
Compounds 7 and 13 were unblocked to afford the unsubstituted, branched-chain, 
nitro and amino sugars. The 3-acetate of 5 was converted by a Schmidt-Rutz reaction 
into a nitroolefin (not isolated), which was hydrogenated with sodium borohydride 
in ethanol to yield mainly 3-deoxy-1,2:5,6-di-O-isopropylidene-3-C-nitromethyl-cx-D- 
glucofuranose (17, assigned on basis of its n.m.r. spectrum). 

INTRODUCTION 

During recent years the nitro sugar derivatives have been much investigated’>2. In 
early work the nitromethane synthesis served as a supplementary synthetic method 
for preparing higher-carbon aldoses by use of the Nef reaction3. From the acetylated 
nitro alditols, by way of the Schmidt-Rutz* reaction, the unsaturated nitro carbo- 
hydrates became available, and these in turn, by way of the Nef reaction, provided 
2-deoxyaldoses. About a decade later the “sugar dialdehydes” were elegantly cyclized 
with nitromethane to afford deoxynitro sugar intermediates’. When nitroethane was 
substituted for nitromethane, branched-chain deoxynitro sugars were produced6. 

*Dedicated to the memory of Professor M.L. Wolfrom. 
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Michael addition of nitroalkanes to suitable unsaturated nitro sugar derivatives has 
yielded branched-chain dinitro sugar derivatives’, and amination of the unsaturated 
nitro sugars afforded an entry into the diamino sugars’. The utility of nitro sugar 
derivatives as intermediates in the synthesis of aminodeoxy sugars has been well 
investigated and reviewedg. The wide occurrence of amino sugars as constituents of 
antibiotics lo, coupled with the recent finding” that a nitro sugar (evernitrose) occurs 
in Nature, led us to begin an investigation12 of the reaction of nitromethane with 
suitably blocked 3-0~0 sugars in order to prepare branched-chain nitro sugars. A 
further objective of the research described herein was to prepare branched-chain 
amino sugars and to use these as intermediates in the synthesis of nucleosides con- 
taining branched-chain amino sugars. 

RESULTS AND DISCUSSION 

Addition of 5-O-benzyl-1,2-O-isopropylidene-cr-D-ery?hro-pentofuranos-3- 
ulose13 (1) to an excess of nitromethane and 1 molar equivalent of sodium methoxide 
in methanol for 16 h at room temperature gave the crystalline branched-chain nitro 
sugar 2 in 60% yield, and together with a minor component (not isolated), which 
was readily removed by fractional crystallization or by column chromatography on 
si!icic acid. The configuration at C-3 in 2 was deduced from the fact that 2 readily 
condensed with acetone to yield a methyl 2,3-0-isopropylidene glycoside, thus 
indicating the presence of a cis glycol at C-2 and C-3. The assignment of the /I- 
configuration to 3 was made by n.m.r. spectroscopy on the basis of the low value 
(- 0 Hz) of the J1 ,2 coupling constant. Therefore, compound 3 is undoubtedly methyl 
5-O-benzyl-2,3-O-isopropylidene-3-C-nitromethyl-a-D-ribofuranose, and 2 must be 
5-O-benzyl-l,2-O-isopropylidene-3-C-nitromethyl-a-D-ribofuranose. Interestingly, the 
i.r. spectrum of 2 (5mM in carbon tetrachloride) showed hydroxyl peaks at 3560 and 
3430 cm-‘, thus indicating intramolecular hydrogen bondingL4 of the free 3-hydroxyl 
group with an oxygen atom of the 1,2-O-isopropylidene group. The configuration at 
C-3 of 2 is consistent with the known steric control exerted by the 1,2-O-isopro- 
pylidene group toward a nucleophilic reagent’ 5. 

Quite unexpectedly, the addition of nitromethane to 1,2:5,6-di-O-isopro- 
pylidene-z-D-ribo-hexofuranos-3-ulose’ 6(4) yielded 1,2:5,6-di-0-isopropylidene-3-C- 
nitromethyl-a-D-gIucofuranose (5), in 71% yield. In the preliminary communica- 
tion 1 ‘, 5 was erroneously assigned, on the basis of mechanistic considerations, the allo 

configuration. Although the assigment of the gluco-configuration to 5 is not consistent 
with the reported steric control exerted by 1,2-0-isopropylidene groups15, nor with 
the conversion of 1 into 2, it is supported strongly by the following evidence. Selective 
hydrolysis of 5 afforded 6 having a free terminal glycol group. Compound 6 was 
degraded with sodium metaperiodate, with subsequent reduction of the aldehydo 

intermediate with sodium borohydride, to yield 1,2-0-isopropylidene-3-C-nitro- 
methyl-cr-D-xylofuranose (7). This nitro sugar exhibited a positive circular dichroism 
(cd.) spectrum, whereas 3, in contrast, showed a negative c.d. maximum, thus 
indicating that 7 and 3 are epimericl’ at C-3. Compound 5, therefore, has the gluco- 
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configuration_ Selective sulfonylation of 7 with 1 molar equivalent of p-toluene- 
sulfonyl chloride gave a monosulfonate (14). The n.m.r. spectrum of 14 in anhydrous 
dimethyl sulfoxide-d,, showed a hydroxyl peak as a singlet at T 3.8 (lost on addition 
of D,O), thus confirming the presence of a free, tertiary hydroxyl-group on C-3, and 
thus 14 must be the 5-p-toluenesulfonate. Comparison of the n.m.r spectrum of 14 
with the spectrum reported 1 2b for 1,2-O-isopropylidene-3-C-nitromethyl-5-O-tosyl-c+ 
D-ribofuranose showed the two to be different, thus indicating that compound 14 
has the ,uyZo-configuration, and therefore 5 must have the gluco-configuration*. 

*Lower@* reported the application of nitromethane to 1,2-0-isopropylidene-5-O-triphenylmethyl- 
a-D-eryrhropentofuranos-3-ulose. 
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Reduction of 14 over palladium on charcoal, followed by acetylation, gave the N- 
acetyl derivative 15, which failed to cyclize to form a sugar having nitrogen in the 
ring . l8 In contrast, the corresponding r-i60 compound of Lourens’Zb readily yielded 
such a product. Additional positive evidence corroborating the hypothesis that 7 had 
the ~$0 configuration was provided by the fact that 7 readily condensed with acetone 
to form 1,2:3,5-di-O-isopropylidene-3-C-nitromethyl-or-D-xyiofuranose (8), and 
therefore, 5 must be 1,2:5,6-di-U-isopropylidene-3-C-nitromethyl-cr-~-glucofuranose. 

When the r&o ketose 4 was allowed to react with nitromethane in 1,2-di- 
methoxyethane in the presence of about 0.1 molar equivalents of sodium hydride, a 
mixture of two C-3 epimeric [(gluco (5) and allo (5a)] branched-chain nitro sugars 
(90% yield) was formed, in the ratio of about 4:l. Preparative t.1.c. of the mixture on 
silica gel, with benzene-ethyl acetate as developer, gave pure 5 and impure 5a as 
evidenced by the n.m.r. spectrum of the latter. 

Hydrogenation of the partially blocked nitro sugars 6 and 7 over pahadium on 
charcoal in the presence of hydrochloric acid readily yielded the branched-chain 
amino sugars 9 and 13. Accompanying contaminants were removed by passage of the 
amino sugars through Dowex-50 W-X resin, followed by elution of the resin with 
dilute ammonium hydroxide. The amino sugar from 6 was characterized as the Iv- 
acetyl derivative 9 and as the tribenzoate 10. Direct reduction of the blocked nitro 
sugar 5 with lithium aluminum hydride in tetrahydrofuran also gave the amino sugar 
(as evidenced by a positive ninhydrin test). Three side products were formed, which 
could not be separated. 

The unsubstituted, branched-chain nitro sugar was obtained by hydrolysis of 7 
with aqueous trifl uoroacetic acid. On the basis of n.m.r_ spectroscopy it was deduced 
that the free sugar probably existed as an anomeric mixture of furanose and pyranose 
forms2’. Reduction of the free nitro sugar in dilute aqueous hydrochloric acid 
afforded the hydrochloride of the branched-chain amino sugar. On the basis of its 
n.m.r. spectrum (J,,, = 7 Hz) it was inferred that the sugar existed in solution 
mainly as 3-C-aminomethyl-P-D-xylopyranose hydrochloride. 

Because the acetamido derivative 10 was required as an intermediate in the 
synthesis of nucleosides of branched-chain amino sugars, an attempt was made to 
remove the 1,2-O-isopropylidene group by acetoIysis. Although acetolysis removed 
the 1,2-O-isopropylidene group, the I-acetoxy group appeared to be ejected (as 

evidenced by the n.m.r. spectrum of the acetolysis product) by the participating N- 
acetyl group at C-3. Such participation, which is well documented in the chemical 

literatureI*, led us to abandon the use of the branched-chain amino sugar as an 
intermediate in the attempted synthesis of a nucleoside containing a branched-chain 
amino sugar. 

An alternative approach to the synthesis of a nucleoside of a branched-chain 
amino sugar appeared to be uia use of the 1,Zdiacetate of the branched-chain nitro 
sugar, followed by reduction of the nitro group in the nucleoside. As a consequence, 
the blocked nitro sugar 12 was converted, via acetolysis, into the 1,2-diacetate 16. 
Repeated attempts to condense 16 with 6-benzamido-9-chloromercuripurine to yield 
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a nucleoside, by the titanium tetrachloride methodI or by a fusion method, were 
unsuccessful. 

Application of the Schmidt-Rutz reaction to the 3-acetate of 5, with potassium 
carbonatelzb as base in refluxing benzene, gave a nitroolefin. The latter was immedia- 
tely reduced with sodium borohydride in ethanol to yield a mixture of two 3-deoxy 
nitro sugars, which were separated by column chromatography on silica gel, with 
benzene-ethyl acetate as developer_ The major component, isolated in about 20% 
yield, was presumed to be 3-deoxy-1 ,X,6-di-O-isopropylidene-3-C-nitromethyl-a-~- 
glucofuranose (17) on the basis of its n.m.r. and c.d. spectra. The n.m.r spectrum of 
17 showed two doublets of equal coupling at 7 4.02 and 5.25. Irradiation of the H-l 
doublet (at P 4.02) collapsed the doublet at r 5.25 to a singlet, thus establishing the 
latter as the H-2 signal. The H-3 signal occurred as a multiplet at r 7.65. It has been 
previously established *’ that H-2 of 3-deoxyfuranose derivatives having the ribo or 
allo configurations exhibits a triplet because of the coupling of H-2 with the cis 
protons at H-3 and H-l. On the other hand, H-2 of the corresponding glucofuranose 
derivatives exhibits a doublet” (the trans Jt,s coupling is either not measurable or is 
less than 0.7 Hz). This evidence, coupled with the facts that the n.m.r. spectrum of 17 
was different from that of 3-deoxy-1,2:5,6-di-O-isopropylidene-3-C-nitro-methyl-cr-D- 
allofuranosezl and the cd. spectrum of 17 gave a positive maximum, indicated that 
17 had the glrrco-configuration . 1 7 Attempts to prepare the 3-deoxy branched-chain 
nitro sugar by application of the Schmidt-Rut2 reaction to the 3,5,6-triacetate 11 
were unsuccessful. 

EXPERlhlENTAL 

General. - N.m.r. spectra were obtained in chloroform-d solution (unless 
otherwise stated), with tetramethylsilane as the internal standard (set at r 10) by 
using a Jeolco 60 or Varian HA-100 spectrometer (s, singlet; d, doublet; t, triplet; 
q, quartet; m, multiplet). Mass spectra were recorded with an A.E.I.MS-9 spectro- 
meter. 1-r. spectra were obtained with a Perkin-Elmer Model 457 spectrometer. The 
cd.” spectra were measured with a Jasco Model ORD/UV-5 spectropolarimeter. 
All mehing points (micro hot-stage) are corrected. Solutions were concentrated in 

tiacuo. SiIica Gel G was used for t.1.c. and column chromatography_ EIemental 
analyses were performed by the microanalytical laboratory of the University of 
British Columbia. 

Reaction of 5-O-benzyl-l,2-O-isopropylidene-a-D-erythro-pentofirranos-3-ulose (1) 
roitil nitrometllane to yield 5-O-benzyl- 1,2-0-isopropylidene-3-C-nitrornetI&+mribo- 
fzcranose (2)_ - A hi solution of sodium methoxide in methanol (1.45 ml, 1.45 mmoles) 
was added dropwise with stirring to a solution of compound l(O.400 g, 1.45 mmoles) 
in 6 ml of anhydrous nitromethane. The reaction mixture was stirred for 16 h at room 
temperature and then was deionized with Rexyn 101 (H+) resin (prewashed with cold 
methanol) and the filtrate was evaporated to a syrup. Crystallization of the syrup from 
ethyl acetate-petroleum ether (b-p. 30-60°) gave 0.093 g of a crystalline product 
contaminated with a minor component, as evidenced by t.1.c. with 3:l benzene-ethyl 
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acetate as developer. One further recrystallization gave pure compound 2. Column 
chromatography of the residue from the mother liquor, with 9: 1 benzene-ethyl acetate 
as developer, gave an additional 0.150 g of pure 2 (60% yield), m.p. 103-104”, 
[cx]~~ +41” (c 2, chloroform); v (0.005 molar Ccl,) 3560 (s), 3430 (w, OH), 1550 (NO,); 
z=~“~ 4.12 (d, H-l, .iISz 3.8 Hz), 5.1-5.5 (m), 5.42 (s, CISz Ph), 5.6-6.0 (m), 6.3 (d, 
J 4 Hz), 4.75 (OH), 8.40 and 8.60 (CH,). 

Anal. Calc. for C16HZ1N0,: C, 56.63; H, 6.24; N, 4.13. Found: C, 56.80; 
H, 6.14; N, 4.25. 

Methyl 5-0-bePlzyZ-2,3-0-iso~ro~yZidene-3-C-nitromethyZ-~-D-rihofuranoside (3). 
- A solution of 50 mg of 2 in anhydrous acetone (1 ml) was treated with 1 ml of 3% 
(w/w) hydrogen chloride in methanol. The solution was kept for 3 days at room 
temperature after which time none of 2 remained, a trace of free sugar was present, 
and a fast-moving, major component 3 was formed (monftored by t.1.c. with 4:1 
benzene-ethyl acetate as developer). The reaction mixture was neutralized with solid 
sodium hydrogen carbonate, filtered, and the filtrate was evaporated. The residue was 
dissolved in water (5 ml) and the aqueous solution was extracted with chloroform 
(2 x 5 mQ. The chloroform extract was dried (magnesium sulfate) and evaporated to 
a syrup (0.056 g). This syrup was chromatographed on 5 g of silica gel (activity II), 
with 98:2 benzene-ethyl acetate as developer, to give 0.023 g of the acetal3, [a]f: - 49” 
(c 1, chloroform); c.d. (c O.ooO4, methanol): [f3],,, - 1440; rCDCr3 2.8 (C,H,), 5.07 (an 
AR system, Jneb 12.5 Hz, methylene protons a and b on C-l’), 5.2 (s, H-l), 5.38 
(s, H-2), 5.52 (s, CH,Ph), 5.4-5.6 (overlapping signals of one H), 6.5 (H-5), 6.70 
(OCH,), 8.5,8.7 (CMe,). 

Anal. Calc. for C,,HZ3N0,: C, 57.78; H, 6.53; N, 3.96. Found: C, 58.23; 
H, 6.80; N, 3.88. 

Addition of 1,2:5,6-di-O-isopropyZidene-cr-D-ribo-hexofar~ose-3-~Zose (4) to 
nitromethane to yield 1,2:5,6-di-O-isopropylidene-3-C-nitromethyI~-o-glucafuranose 

(9 - A solution of M sodium methoxide in methanol (1.95 ml, 1.95 mmoles) was 
added dropwise with stirring to a solution of 4 (0.5 g, 1.95 mmoles) in 5 ml of nitro- 
methane. The reaction mixture was stirred for 16 h at room temperature and then 
deionized, and the filtrate then evaporated to a syrup. Crystallization from petroleum 
ether (b.p. 60-l loo) gave 0.430 g (71%) of pure, crystalline nitro derivative 5, m.p. 
138-140”, [orIf: + 31” (c 2, chloroform); v (Ccl,) (5 mu), 3560 (s) (OH), 1560 
(NO,); rcnc13 4.05 (d, H-l, J, ,2 3.5 Hz), 5.13 (an A3 system, Q6 12.5 Hz, methylene 
protons a and b on C-l ‘), 5.38 (d, H-2, J1 ,2 3.5 Hz), 5.5-6.3 (m), 6.50 (OH), 8.40,8.55 
(two CHs), 8.62 and 8.66 (two CH,). 

Anal. Calc. for C13H,,N0s: C, 48.89; H, 6.63; N, 4.39. Found: C, 48.73; 
H, 6.49; N, 4.54. 

~,t:5,6-Di-O-isopropylidene-3-C-nitroinethyZ~-D-aZZofaranose (5a) +5. - Com- 
pound 4 (0.513 g) was added to a magnetically stirred solution of anhydrous nitro- 
methane (0.5 ml) and anhydrous 1,Zdimethoxyethane (“glyme”, 1 ml) containing 
sodium hydride (~0.025 g). The reaction was performed at room temperature in a dry 
box under nitrogen. After 24 h the reaction mixture was neutralized with IR-120 
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(H+) resin, filtered (resin washed with glyme), and the filtrate then evaporated to a 
syrup. Crystallization from ether-petroleum ether (b.p. 30-60°) gave 0.55 g (91%) of 

a crystalline mixture of 5 and Sa, in the ratio of 4~1. The mixture was partially 
separated by preparative t.l.c., with 4: 1 chloroform-ether as developer, to give pure 5 
and impure 5a (contaminated with 5). Attempts to prepare pure 5a were unsuccessful. 
N-m-r. data for 5a: fCDC13 4.10 (d, H-l, JrS2 4 Hz), 4.97 (AI3 system, Ja,a 12 Hz, 
CW,NO,), 5.37 (d, H-2, J,vz 4 Hz), 5.4-6.1 (m), 5.9 (broad OH, overlapping multi- 
plet), 6.45 and 6.63 (two s), 8.37, 8.55, 8.6 (CMe,). 

Partial hydrolysis of 5 to yield I,&O-isopropylidene-3-c-nitromethyl-u-D- 
ghcofuranose (6). - To a solution of 1 g of 5 in 15 ml of methanol was added 3 ml of 
10% sulfuric acid. The reaction mixture was kept for 2 h room temperature, and then 
neutralized with barium carbonate, and filtered through Celite. The filtrate was 
concentrated to a syrup. The residue was dissolved in hot ethyl acetate and filtered 
through Celite to remove traces of inorganic material. After evaporation of the solvent 
the residue (0.834 g) was crystallized twice from dichloroethane to give 0.654 g of 6, 
m.p. 96-97”, [a];’ +72” (c 3, water); v(5mM Ccl,) 3650 (w), 3560(s), 3430 (w) (OH); 
-c D20 4.0 (d, H-l, J, ,a 4 Hz), 4.95 (AB system with JPSb 11 Hz, CH,NO,). 

Anal. Calc. for C,aH,,NOs: C, 42.99; H, 6.14; N, 4.90. Found: C, 42.91; 
H, 6.22; N, 4.99. 

Degradation of 6 with sodium metaperiodate and reduction to yield 1,2-O- 

isopropylidene-3-C-nitromethyh-D-xyiofuranose (7). - To a well-stirred solution of 
6 (0.500 g, 1.8 mmoles) in 10 ml of water was added sodium metaperiodate (0.385 g, 
1.8 mmoles). The reaction was monitored by t.1.c. (4: 1 benzene-ethanol) and by tests 
with potassium iodide paper. After the oxidation was complete the solution was 
concentrated, and ethanol was added to precipitate the inorganic material. The 
filtrate was evaporated to dryness and the residue was twice treated with ethanol and 
the solvent was evaporated. The residue was then extracted with chloroform (3 x 
20 ml). The extract was dried (sodium sulfate) and treated with a small portion of 
charcoal, and filtered. Evaporation of the filtrate gave a syrup, which was dried by 
distilling benzene from it, to afford 0.385 g(87% yield) of a syrup, v(Nujo1) 1710 cm- ’ 
(CHO). The aldehydo sugar was dissolved in ethanol (5 ml) and reduced with sodium 
borohydride (0.200 g added durin g IO min). The reaction mixture was stirred for 1 h 
at room temperature and then deionized with an ethanolic mixture of IR-120 (H+) 
resin. The filtrate was evaporated to dryness and the residue was thrice treated with 
methanol, with subsequent evaporation of the solvent, to yield 0.375 g of a syrup. 
Crystallization (twice) from ether-petroleum ether (b.p. 30-60”) gave 7, m.p. lOl- 
103O, [c?]F -1-32” (c 2, chloroform); cd. (c 0.0004, methanol: [f&e +2480; v(5 rnhr 
Ccl,), 3640 (w), 3600 (m), 3440 (s) OH); rDzo 4.0 (d, H-l, J,,, 4 Hz), 5.16 (an AB 
system Jo,b 12.5 Hz, of methylene protons a and b of CH,NO& 5.28 (H-2, J, ,? 4 Hz), 
5.4 (DOH), 5.4-6.3 (3-proton m), 8.6 (2-CH,). 

Anal. Calc. for C,H,,NO,: C, 43.37; H, 6.06; N, 5.62Found: C, 43.46; H, 5.89; 
N, 5.48. 

1,2:3,5-Di-O-isopropJ,linene-S-C-nifromet~zyZ-u-~-x~~Zofuranose (8). - A solution 
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of 0.067 g of 7 in 10 ml of acetone and 2 ml of 2,2_dimethoxypropane was treated 
with 0.260 g of di-p-nitrophenyl hydrogen phosphate and the mixture was stirred for 
2 days at room temperature. The course of the reaction was followed by t.1.c. in 
10:70:2 benzene-ethyl acetate-methanol; the RF of 8 was 0.4. The reaction solution 
was added to 3 ml of 0.151 sodium hydrogen carbonate and the mixture was then 
extracted with three lo-ml portions of chloroform. After evaporation of the chloro- 
form the residue was chromatographed [2:3 ether-light petroleum ether(b.p. 30-60”)]. 
Fractions containing the product were pooled and concentrated to a syrup (0.042 g), 
which crystallized from petroleum ether (b-p. 60-l loo), m.p. S3-S5”, [@ + 50” 
(c 2, chloroform); rCDC13 3.98 (d, H-l, J,,, 4 Hz), 5.14 (AB system, Ja,a 12 Hz, 
CN,NO,), 5.35 (d, H-2, Jr ,2 4 Hz), 5.95 (H-4 and H-5), 8.45-8.62 (CMe2)_ 

Anal. Calc. for C,,H,,NO,: C, 49.80; H, 6.58; N, 4.84; Found: C, 49.81; 
H, 6.60; N, 4.69. 

Attempted reduction of 5 with lithium aluminum hvdritie. - When compound 5 
(1 g), dissolved in anhydrous tetrahydrofuran (100 ml), was reduced with lithium 
aluminum hydride (2 g) in 100 ml of tetrahydrofuran for 1 h under reffux and the 
product worked up in the usual way, a mixture of four compounds (basic and nin- 
hydrin-positive) was obtained. An attempt to separate the components by chromato- 
graphy was unsuccessful. When the reduction was allowed to proceed for 4 h under 
refiux the products were neutral and ninhydrin-negative. 

Catalytic reduction of 6 follorced by acetylation to yieZd 3-C-acetamidomethyi- 
/,2-0-isopropylidene-cr_D-glrrcofuranose (9). - The nitro sugar 6 (0.500 g), dissolved 
in a mixture of water (5 ml) and I.8 ml of M hydrochloric acid, was hydrogenated in 
the presence of prehydrogenated platinum oxide (0.25 g) for 16 h. The uptake of 
hydrogen was 128 ml (talc. value 120 ml). After filtration the solution was passed 
through a column of Dowex-SOW X-S (Hi) (IO ml). The resin was washed with water 
until the eluent was neutral and chloride-free. Elution of the column with 0.6 M 

ammonium hydroxide (100 ml), followed by evaporation of the basic eluent, gave 
0.371 g of a syrup consisting of a major component, R t-rrmino_2-deoxggIucose = 2.1 
and one minor component R,, = 1 .O [pyridine-water-ethyl acetate-acetic acid in 
trough (5:3:5::, v/v) and pyridine-thy1 acetate-water (I 1:20:6) in the tank]“. The 
major component was ninhydrin positive, rDZo 4.1 (d, H-l, JI,2 4.0 Hz), 7.06 (d, 
CN,NH,). The amino sugar (0.51 g) was immediately acetylated with acetic anhydride 
(0.5 ml) in the presence of methanol for 3 h at room temperature (until it was nin- 
hydrin-negative). After evaporation of the volatile components, the residue was 
treated successively with ethanol, toluene, and ethanol, followed by subsequent 
evaporations, to yield 0.43 g (72%) of a syrup. An amount of 0.120 g of this syrup was 
chromatographed on 10 g of silica gel, with 9:l benzene-methanol as developer, to 
yield 0.062 g of a major component as a glass having [z]? t90” (c 3, chloroform); 
rcDc13 4.16 (d, H-l, J, , 3 Hz), 3.24 (broad, NH), 7.97 (s, CH, of acetamido group), 

‘- 8.5, 8.7 (CMe,). 
Anal. Calc. for C12H2,N0,-H20: C, 46.61; H, 7.49; N. 4.53. Found: C, 47.04; 

H, 7.50; N, 4.66. 
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for the reduction of 6. The crystalline seed crystals of the amino sugar were obtained 
by first passing the crude product through Dowex-SOW X8 (Hi) resin, followed by 
crystallization from ethanol-petroleum ether (b-p. 30-60”). In subsequent reductions 
the crude syrup was treated with Rexyn 201 (OH-) resin only, followed by crystalliza- 
tion from the above solvents with seeding; m.p. 126-128”, [a];’ + 56” (c 1, water); 
e” 3.96 (d, H-l, J, ,Z 3.5 Hz), 5.4 (d, H-2, J,vz 3.5 Hz), 7.04 (AB system, Jo,b 14 Hz, 
CW,NH,), 8.4 and 8.6 (CH,). 

Anal. Calc. for CgH,,N05: C, 49.31; H, 7.81; N, 6.38. Found: C, 48.96; 
H, 7.72; N. 6.33. 

3-C-Nitromerlz~~-D-xylose. - The partially blocked nitro sugar 7 (0.1 g) was 
treated with 2 ml of 75% trifluroroacetic acid and kept overnight at room temperature. 
The progress of the reaction was monitored by t.l.c., with 41 chloroform-ether as 
developer. After total disappearance of 7, the reaction mixture was evaporated with 
several additions of water until free from acid; final evaporation gave a syrup (70 mg), 
[a];’ +26” (c 3, water): 7D20 4.18 (d, H-l, J, ,= 3.8 Hz), 4.85 (s, CH,NO,), 5.0 (d, H-2, 
J 3.8 Hz), 4.6 (s), overlapping peaks in region 4.6-5.1, 5.2 (HOH), 5.5-6.3 (m, 
ei;2,, to 3 I-I). 

Anal. Calc. for C,H, ,NO,: C, 34.45; H, 5.30; N, 6.69. Found: C, 34.55; 
H, 5.81; N, 6.12. 

3-C-Aminometlzyz-D-xyIose hydrochloride. - An amount of 0.075 g of 3-C- 
nitromethyl-D-xylose was reduced in 4 ml of 0.1~ hydrochloric acid in the presence 
of 0.040 g of prehydrogenated platinum dioxide. When the hydrogen uptake had 
ceased, the solution was filtered and the filtrate evaporated to a syrup (0.070 g) with 
three evaporations with water; rD20 5.42 (d, H-l, J1,2 7 Hz), 6.15 (s, CW,NH,), 6.38 
(d, H-2, J1,2 7 Hz), 6.4-6.8 (m, equal to 3 H). The amino sugar hydrochloride was 
deionized in the usual way through a column of Dowex-SOW X8 @If) resin to yield 
asyrup;o D20 4 6-5 1 (broad peak overlapping with HOH peak at 7 5.2), 5.6 (two . . 

equal overlapping doublets with J 7 Hz), 4.2 (s, CN,NH,), 4.2 (overlapping signal 
equal to 1 II), 6.2-7.2 (m, equal to 3 I-I). 

1,2-O-lsopropyfidene-3-C-nitro?nethyZ-5-O-p-toiyZsu~nyZ-a-~-xy~o~~ranose (14). 
- To a solution of 0.100 g of nitro sugar 7 in 2 ml of anhydrous pyridine was added 
0.102 g (1 .l molar equivalent) of p-toluenesulfonyl chloride. The reaction mixture, 
protected from moisture, was stirred for 4 h and monitored by t.1.c. with 4:1 chloro- 
form-ether as developer. Two separate portions of toluene were added to the reaction 
mixture and were evaporated off to remove pyridine. The residue was extracted with 
chloroform (10 ml), and the chloroform extract washed with aqueous sodium 
hydrogen carbonate, water and then dried (sodium sulfate)_ Evaporation of the 
filtrate gave a solid residue, which was crystallized from ethanol-petroleum ether 
@.p. 30-60°) to give 0.140 g of the sulfonate 14, m.p. 133-134”, [aIf: I- 7” (c 1, chloro- 
form); 7cDc’3 4.1 (d, H-l, J, ,2 3.5 Hz), 5.35 (d, H-2, J, S2 3.5 Hz), and AB system 
centered at 5.28, Ja,b 12.5 Hz (methylene protons a and b on C-l’), 5.8 (d, J 2.4 Hz), 
5.8 (overlapping multiplet), 6.7 (OH), 7.55 (p-CH,C,H,) (Irradiation at 7 4.1 collapsed 
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the doublet at T 5.35 to a singlet); T (CD3)zSo, 3.8 [l H, singlet lost on addition of D,O 
(OH)], 4.13 (d, H-l, J, ,I = 3.5 Hz), 5.22 (s, CH,NO,), 5.42 (d, H-2, J1,2 3.5 Hz). 

Anal. Calc. for C16HZ,N04S: C, 47.63; H, 5.24; N, 3.47. Found: C, 47.49; 
H, 5.10; N, 3.45. 

3-C-Ace?amido-I,2-O-isopropyIidene-5-O-p-to~yZsu~ny~-~-~-xyIo~~ra~~ose (15). 
- The monosulfonate 14 was hydrogenated overnight with hydrogen over palladium- 
on-charcoal in acidified ethanol. Subsequent acetylation of the product with acetic 
anhydride and pyridine for 2 days at room temperature gave a mixture of two 
products, which was chromatographed on a column, with 95:5 chloroform-ether as 
developer. The faster-moving, major component 15 was isolated as an oil, rCDC13 2-2.7 
(aromatic protons), 4.1 (d, H-l, J, T2 3.8 Hz), 4.4-5.3 (broad peak), 5.52 (d, H-2, 
J1,Z 3.8 Hz), 5.6-6.5 (complex multiplet), 7.5 (s, CI&C,l-r,), 7.84 (s, equal to 3 H, 
ACN). 

The second, minor component (very low mobility on t.1.c.) could not be eluted 
from the column. 

Schmidt-Rutz reaction of 3-O-acetyl-I,2:5,6-di-O-isoprop~~tidene-3-C-nitromethy~- 
a-D-ghKofuranose to yield 1,2:5,6-di-O-isopropyIidene-3-deoxy-3-C-nitromethyl-a-D- 
glucofirranose (17). - The nitro sugar 5 (0.45 g) was acetylated with acetic anhydride 
(2.5 ml) and p-toluenesulfonic acid (0.10 g) for 15 h at room temperature. The 
product was worked up in the usual way to yield 0.550 g of an unstable syrup, which 
was immediately allowed to react with anhydrous potassium carbonate (0.50 g) in 
benzene (20 ml) for 2 h under reflux. After removal of the potassium carbonate and 
benzene the nitrooletin was reduced with sodium borohydride (0.100 g) in ethanol for 
2 h. The solvent was evaporated and the product was extracted into chloroform. The 
extract was washed with water and evaporated to a syrup, which was chromato- 
graphed on a column, with IO:1 benzene-ethyl acetate as developer, to yield two 
fractions. The slower-moving, major fraction (0.095 g) crystallized from ethanol- 
water, m.p. 108-IlO”, [a]h4 t60” (c 2, chloroform); cd. (c 0.00076, methanol): 
[8],,, + 1530; r CDC’p 4.02 (d, H-l, J1,2 4 Hz), 5.1 (AB system, JPea 14 Hz, CH,NO,), 
5.25 (d, H-2, J, ,Z 4 Hz), 5.8-6.4 (two sets of multiplets equal to 4 hydrogens, spikes 
at r 5.82 and possiiily poorly resolved doublet at r 6.2), 7.65 (m, equal to 1 H, H-3, 
presumed to be H-3), 8.4-8.62 (CMe,); irradiation at r 4 collapsed the doublet at 
z 5.25 to a singlet. The n.m.r. spectrum of 17 was different from that of 1,2:5,6-di-O- 
isopropylidene-3-deoxy-3-C-nitromethyl-a-D-alofuranose as reported by Jones and 
co-workers’ ‘. 

Anal. Calc. for C13H2rN0,: C, 51.5; H, 6.9; N, 4.6. Found: C, 48.6; H, 6.5; 
N, 4.3. A trace of inorganic ash was present. 

The minor, fast-moving component (0.030 g) was a syrup, rCDC13 4.02 (d, H-l, 

F2 

3.8 Hz), 5.15 (AB system, J,,,6 14H2, CH,N02), 5.28 (d, H-2, Jl,2 3.8 Hz), 5.7 
s, overlapping m), 5.95 (m) (from 5.7-6.0 = 4 protons), 7.9 (m, equal to 1 I-Q, S-43- 

8.6 (CMe,). 
5,6-Di-O-acetyl-l,2-O-isopropylidene-3-C-nitromefhyEa-D-glucofur~ose. - The 

partially blocked nitro sugar 6 (0.50 g) was treated with acetic anhydride (10 ml) and 
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boron trifluoride etherate (5 drops) for 1 h at room temperature. The acetic anhydride 
was removed by evaporating toluene from the product. The product was chromato- 
graphed, with 9:l benzene-methanol as eluant, to yield 0.140 g of material that 
crystallized from ethanol-light petroleum ether (b-p. 30-60”), m.p., 159-160” [a]g 
+53” (c 2, methanol); 7CDC'3 4.0 (d, H-l, JleZ 4.0 Hz), 5.35 (d, H-2, J,,z 4.0 Hz), 6.2 
(OH, lost on addition of D,O), 7.90 and 7.93 (two acetyl peaks). In methyl sulfoxide- 
d, the hydroxyl peak appeared as a sharp singlet. 

Anal. Calc. for C14H210,0N: C, 46.3; H, 5.78; N, 3.85. Found: C, 46.7; 
H, 5.71; N, 3.72. 

Attempted conaersion of 3,5,6-tri-O-aceryl-I,2-O-isopropylidene-3-C-nitromethyl- 
u-D-glucofuranose (11) info 5,6-di-0-acetyl-3-deoxy-~~~-O-isopropyl- 
methyl-a-D-gkcofuranose. - The partially b!ocked nitro sugar 6 (0.50 g) was treated 
with acetic anhydride (10 ml) and p-toluenesulfonic acid (0.33 g) for 15 h at room 
temperature. The product was added to ice-water and than extracted in the usual way 
with chloroform; yield, 0.540 g (syrup); tCDC13 3.98 (d, H-l, J, ,z 4 Hz), 7.90 and 7.93 
(three acetyl groups), 8.46 and 8.62 (CMe,). The product was not stable and was not 
analyzed_ 

The triacetate 11 (0.50 g) v&s treated with anhydrous potassium carbonate 
(0.30 g) in anhydrous benzene (25 ml) for 3 h under reflux. After removal of the potas- 
sium carbonate the benzene was evaporated and the resulting syrup was then reduced 
with sodium borohydride (0.070 g) in acetonitrile (15 ml) and water (3 ml). The 
reaction mixture was kept neutral by addition of 20% acetic acid. TLC. of the product 
showed a complex mixture of products, which could not be separated. 
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ABSTRACT 

Five components of L-/3-aspartamido-carbohydrate, prepared from crystalline 
chicken ovalbumin by digestion with pronase, have been isolated and purified by a 
combination of ion-exchange chromatography and zone electrophoresis. Their 
sequences may be represented: 

(GNAc) -Man-GNAc-GNAc-Asn 0 or 1 or 2 

I 
Man 0 Or 1- (Man>3 

I 
Man(GNAc), or 1 

homology being demonstrated by enzymic hydrolysis with a-D-mannosidase 
(E.C.3.2.1.24) or N-acetyl-fi-D-glucosaminidase (E.C.3.2.1.30). The molecular 
dispersity of ovalbumin is discussed in the light of these results. 

INTRODUCTION 

In a discussion of the molecules present in a preparation of a biopolymer it is 
necessary to consider, among other things, if (i) there are different biopolymer 
molecules present that are quite unrelated to each other, (ii) all the molecules have 
the same number of monomer units linked together in an identical fashion, (iii) the 
number of monomer units varies in a polymer otherwise identically constructed, (iv) 
some of these monomer residues in the biopolymer are derivatized by the addition of 
a small group, such as an alkyl, acyl, or glycosyl residue, (v) the biopolymer molecules 
differ in their intramolecular cross-linking so as to give rise to different molecular 
species, and (vi) the biopolymers have more than one stable conformation. These 
questions relate to the description of the population of molecules in a preparation 
from some living system, and the answers are necessary in order to know how 
definitive any elucidation of the primary, covalent structure can be. Statistical 

*Dedicated to the memory of Professor M. L. Wolfrom. 
tThis investigation was supported by research grant GM 14013 from the National Institutes of Health. 
**This work will form part of a thesis to be presented by C.-C. Huang to the Graduate College of 
the University of Iowa in partial fulfillment of the requirements for the degree of Ph. D. 
*To whom requests for reprints should be addressed. 
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descriptions of the population may be derived without knowledge of the covalent 
structure from the hydrodynamic properties of the system. The covalent structure 
must be determined to give meaning at a molecular level to the various dispersities 
possible in a biopolymer preparation. 

This paper describes an investigation of the carbohydrate structures in oval- 
bumin by the separation of five L-&aspartamido-carbohydrate* components, and 
discusses the molecular dispersity of the glycoprotein in defined terms. 

EXPERIMENTAL 

Ovalbunrin. - Ovalbumin was prepared and crystallized four times, as described 
previously’*2, from the fresh eggs of Hy-Line White Leghorns. Five dozen eggs 
yielded 50-60 g of ovalbumin. 

Assay of glycosidases. - Crystalline a-D-mannosidase3 and N-acetyl-B-D- 
glucosaminidase 4, both kindly supplied by Dr. Y. T. Li, were assayed against 2 rnhi 
solutions of the p-nitrophenyl glycopyranosides of 2-amino-2-deoxy-&D-glucose at 
pH 5.0 and a-D-mannose at pH 4.5 at 25” for 2 min. 

AnaIytical methods. - Hexoses were determined in the carbohydrate-con- 
taining fractions without previous acid hydrolysis by the phenol-sulfuric acid method, 
as described previously5*6. Reducing sugars’, 2-acetamido-2-deoxy-D-glucose’, and 
amino acids9 or amino sugar$‘, were determined by the procedures indicated. The 
specific contents of amino acids and 2-amino-2-deoxy-D-glucose in the glycopeptides 
were analyzed with a Spinco Model 120C amino acid analyzer, the samples being 
hydrolyzed with hydrochloric acid at 105” in sealed tubes under nitrogen, 4 to 6 h 
with 4~ acid for the amino sugar and 20 h with 6~ acid for the amino acids. It had 
been determined that these were the optimum conditions of hydrolysis for the 
materials under study. 

Column effluents were monitored continuously”. 
Coircnm preparation. - Cation-exchange resin AG-SOW x2 (Bio-Rad Labyra- 

tories, 200-400 mesh) was converted into the hydroxyl form by stirring with 2h1 
sodium hydroxide. The resin was then washed successively with distilled water to 
remove most of the excess alkali and sodium acetate buffer, pH 2.6 and mM in Nai. 
A column (0.9 x 150 cm) of this resin was prepared and equilibrated with the sodium 
acetate buffer for at least two days at room temperature (20-25”) and a constant 
flow-rate of 27.5 ml/h of buffer. Although the temperature seemed to play little part 
in the fractionation between 20 and 50°, the temperature was kept reasonably constant 
( f 1”) during the chromatographic separations. 

Analyses of the glycopeptides of ovalbumin containing up to 5 mg of 
o-mannose were carried out on the above column. Samples containing up to 275 mg 
of D-mannose were separated on a column (2 x 150 cm), prepared similarly but run at 
a buffer flow-rate of 60 ml/h_ 

*The mixture of r-/kspartamido-carbohydrate components from ovalbumin twill be abbreviated AC, 
with each of the five components being represented AC-A, AC-B, AC-C, AC-D, and AC-E. 
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Preparation of L-fkzspartamido-carbohydrate components of ovalbumin. - A 
solution of ovalbumin, containing 113 g of protein in 2 liters of water (after dialysis 
until freed from sodium sulfate) was adjusted to pH 7.8 with dilute sodium hydroxide 
and heated for 15 min at 80-82”. The solution of denatured protein was cooled to 
room temperature and to it was added 660 ml of 0.2~ Tris buffer, which was also 
0.04~ in calcium chloride. The pH was adjusted to 7.4, the mixture layered with 
toluene and brought to 40”. Soon after adding the buffer and calcium chloride, the 
highly concentrated solution of denatured ovalbumin set to a gel, which gradually 
dissolved after adding pronase (600 mg). Further additions of pronase (600 mg) were 
made after 6 h and 12 h and the hydrolyzate was centrifuged after 24 h. The insoluble 
residue was suspended in 500 ml of 0.05~ Tris buffer, pH 7.4, containing O.Olhr 
calcium chloride, and incubated at 40” with pronase (200 mg). After 24 h any insoluble 
residue was again isolated, re-treated with pronase (100 mg) and after 24 h the 
supernatent liquid was combined with the previous solutions of hydrolyzate and 
freeze-dried. The dry residue was dissolved in 0.1~ acetic acid (350 ml), centrifuged, 
and the clear liquid was applied to a column (4 x 64 cm) of Sephadex G-25 in 50-ml 
portions, as described previously’ ‘. The fractions containing hexose were combined 
and freeze dried. The recovery of hexose was 81%. 

The glycopeptides so produced were treated three more times with pronase as 
follows. The freeze-dried glycopeptides were dissolved in Tris buffer (200 ml) as 
before and treated with pronase (400 mg) for 24 h at 40”. The resulting solution was 
centrifuged, gel-filtered in 50-ml portions, and the fractions containing hexose were 
combined and freeze-dried. The final product (9.7 gj contained the equivalent of 1.5 g 
of D-mannose, which represented an overall recovery of hexose of 65%. 

The glycopeptide mixture was fractionated on a column (2x 150 cm) of 
AG-SOW x2 resin, which had been prepared and equilibrated with starting sodium 
acetate buffer, pH 2.6, m&f in Nai. Fractions (I5 ml) of effluent were collected until 
all the AC had been eluted. The gycopeptides with additional amino acid residues, 
principally L-leucine, were then eluted with 0.05hI sodium acetate, pH 6.0. Fig. 1 
shows analyses of two ovalbumins, one prepared in our laboratory (identified Pirkl) 
and one kindly provided by Dr. E. D. Kaverzneva. Peaks F were eluted with the 
front and the fractions of AC are identified A through E. Peak G contains those 
glycopeptides having several amino acid residues. The total recovery of D-mannose 
from the fractionation procedure was 95%, of which about 30% was AC. At this 
stage, the amounts of the fractions of AC, expressed as their contents of D-mannose, 
were AC-A, 23 mg; AC-B, 48 mg; AC-C, 166 mg; AC-D, 125 mg; and AC-E, 76 mg. 
Additional amounts of AC can be obtained by further treatment of the other 
glycopeptide fractions with pronaser ‘. 

The separated fractions of AC were each rechromatographed on AG-SOW x2 
resin as described before until they were completely free from each other, as deter- 
mined by analysis on the analytical column. An ammo acid analysis of the purified 
fractions showed that AC-D and AC-E were completely free from all but aspartic 
acid. AC-A, AC-B, and AC-C contained contaminating peptides, which were 
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- AspNH-Corb (Koverznevo) 

---- AspNH-Carb(Ptrklt 

/ 

I 

L 
700 

ELUTION VOLUME (ml) 

Fig. 1. Fractionation of the L-B-aspartamido-carbohydrates A to E from two sources of chicken 
ovalbumin on a column of AG-SOW x2 resin, 0.9 x 150 cm. Elution was accomplished with sodium 
acetate buffer, pH 2.6, mhf in Nat up to 600 ml and with O.O.%r sodium acetate, pH 6.0 up to 750 ml. 
For details of F and G, see text. 

removed by zone electrophoresis on a column of ethanolyzed and sodium boro- 
hydride-reduced cellulose in 0.1~ pyridine acetate, pH 6.4, exactly as described 
previously . 1 2 The fractions of AC-A, AC-B, and AC-C so purified were freeze-dried, 
dissolved in O.lhI acetic acid, and gel-filtered on a coIumn (1.6 x 100 cm) of superfine 
Sephadex G-25 to remove any trace of pyridine. The composition of the AC-com- 
ponents is given in Table I. 

Action of N-acety~-j?-D-ghcosai?~ini&se on the components of AC. - iV-Acetyl- 
/3-D-glucosaminidase (10 units) , i3 kindly supplied by Dr. Y. T. Li, was added to each 
AC-fraction (containing about 2.6-mg equivalents of D-mannose) dissolved in 
0.05~ citrate buffer (5 ml) pH 5.0. The reaction, under an atmosphere of toluene, was 
followed at 29, by periodically withdrawing aliquots (25 ~1). The latter were heated 
for 3 min on a boiling water bath, evaporated to dryness under diminished pressure, 
and the free 2-acetamido-2-deoxy-D-glucose was determined in the residue. When the 
rate of hydrolysis slowed down, more enzyme (5 units) was added until the release of 
hexosamine stopped. A control experiment was followed concomitantly and the results 
are summarized in Fig. 2. 

At the end of the reaction, the nature of the reducing sugars was checked 
chromatographically and only 2-acetamido-2-deoxy-D-glucose was detected. 

Action of or-D-mannosidase on the components of AC_ - To each AC-fraction 
(containing about 2.6-mg equivalents of D-mannose) in 5 ml of 0.05M citrate buffer, 
pH 4.5, at 25”, was added a-D-mannosidase (25 units). The reactions were continued 
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TABLE I 

CO.MPOSITION AND ENZYhlIC HYDROLYSIS OF THE L-8_ASPARTAhlIDO-CAR BOHYDRATES FROM 

CHICKENOVALBUMIN 

AC- Mole % Compositiona Molecular weight Sugar residues hydrolyzed by 

Component of AC 
Man GNAc Amino acid FormuIaC a-D-Mannosidsse N-AcetyI-/3-D- 

analysi? gIucosaminidase 

A 5.0 6.01 5.00 2142 2121 1.0 2.9 
B 12.5 5.10 5.08 2022 1959 0.0 3.0 
C 35.8 5.92 4.05 1970 1918 1.1 2.0 
D 27.0 5.94 2.18 1634 1650 4.7 0.4 
E 19.7 5.01 1.96 1387 1349 3.8 0.0 

aMoles per mole of L-aspartic acid. aWeight of component that hydrolyzes to give one mole of 
L-aspartic acid. CEmpirica! formula weight. 

0 
0 a0 160 240 320 400 480 560 640 720 a00 

7 
0) INCUBATION TIME (hours) 

Fig. 2. Rate of hydrolysis of the L-/?-aspartamido-carbohydrates by N-acetyl-p-o-glucosaminidase. 
Vertical arrows indicate additions of fresh enzymes. 

INCUBATION TIME (hours) 

Fig. 3. Rate of hydrolysis of the r_&spartamido-carbohydrates by a-D-mannosidase. 
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in an atmosphere saturated with toluene to prevent bacterial contamination. Periodi- 
cally, aliquots (5 ~1) of the reaction solutions were removed, heated for 3 min in a 
boiling water bath and evaporated to dryness under diminished pressure. The 
o-mannose in the residues was determined. The results are summarized in Fig. 3. As 
determined by paper chromatography, no reducing sugars other than D-mannose 
were produced. 

RESULTS AND DISCUSSION 

Ovalbumins from the egg-whites of various birds have been shown to be 
different immunologically ’ 4 and differ in their amino acid compositions l 5* * 6. The 
crystalline ovalbumin from several varieties of chicken has been most extensively 
studied and can be separated by electrophoresis 1 ’ or ion-exchange chromatography’* 
into three fractions that appear to differ only in their contenti of phosphate ester, 
the carbohydrate compositions being the same ‘. This microheterogeneity can be 
removed by enzymic hydrolysis of the phosphate groups lg. 

It is well known that the carbohydrate of chicken ovalbumin is present as a 
single oligosaccharide attached to a unique asparaginyl residue in the polypeptide 
chain20. The carbohydrate, isolated after proteolytic digestion of ovalbumin as the 
r_-&aspartamido-carbohydrate, was studied by the classical methods of carbohydrate 
chemistry. Three kinds of structure were proposed’ id2 3 before it was shown definitely 
by Cunningham 24*25 that the carbohydrate was a mixture, as suggested earlierZ6s2’, 
separable into five fractions by an ion-exchange procedure. The method has been 
refined further in the present study, the most critical factors in the separation being 
the prior equilibration of the ion-exchange column and the pH and ionic strength of 
the starting buffer (sodium acetate). The buffer system was changed from pyridine 
acetate to reduce the problems of subsequent analyses”. The pH of the buffer, as 
measured potentiometrically with a glass electrode and a reference calomel electrode, 
should be 2.5 to 2.6, with the cation concentration not exceeding rnhr. Extensive 
equilibration of the ion-exchange resin improved the separation of the peaks, the 
actual volumes of each peak varying somewhat with the length of the equilibration time. 
Column temperatures up to 50” did not change the peak separations significantly. 

In order to obtain a clear separation of the AC-peaks from the proteolysis 
mixture it was necessary to carry out four treatments with pronase, after which the 
r.+aspartamido-carbohydrate was well separated from the other glycopeptides and 
fractionated into the five components, identified as AC-A, AC-B, AC-C, AC-D, and 
AC-E. These fractions were rechromatographed until free from each other but it was 
necessary to subject AC-A, AC-B, and AC-C to zone electrophoresis’ 2 to remove the 
last traces of contaminating peptides. Each of the final products contained no amino 
acid other than L-asparagine and the carbohydrate was constituted of various 
proportions of D-mannose and 2-acetamido-2-deoxy-D-glucose, as summarized in 
Table I. These values differed from those reported by Cunningham25 who chose not 
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to pursue the fractionation to completion. Each fraction behaved in a homogeneous 
fashion by ion-exchange chromatography, zone electrophoresis, ultracentrifugation, 
and countercurrent distribution of the dinitrophenyl derivatives”. Also, the molecular 
weights, as determined by either the spectrophotometric analysis of the 2,4,6tri- 
nitrobenzene- I-sulfonic acid derivatives” or by ultracentrifugation, were within 3% 
of the formula weight (Table I)_ 

It may be noted that the order of eh -ton of the AC-components from the ion- 
exchange column was in the order of their molecular size. This molecular-sieve 
effect is similar to that reported for similar columns in a Lif form3’. The larger 
glycopeptides, which included Asn(Carbohydrate)-Leu’2, were eluted later at a 
higher pH and ionic strength. Preliminary experiments have not separated the com- 
ponent carbohydrate-peptides into fractions that would correspond to those in AC. 

Although Cunningham had given evidence to suggest that the different oligo- 
saccharide chains in AC were not artefacts of isolationz5 the question of their origin 
is still properly raised3 ‘, particularly since or-D-mannosidase and ~aCety&fi-D- 

glucosaminidase were reported in the eggwhite of chicken32. In this regard it has been 
shown? (a) the relative amounts of the AC-components were not dependent upon 
the age of the egg, (b) every genetic variant of chicken showed the five components in 
AC, (c) the ovalbumins of several birds, including turkey that has no N-acetyl-B-D- 
glucosaminidase in the eggwhite, showed fractions in the AC, (d) a retreatment of 
pure AC-C and AC-D with pronase, under the conditions used for their preparation 
from ovalbumin, did not produce any degradation or other fraction of AC. These 
observations suggest strongly that the series of oligosaccharides in AC was the 
product of biosynthesis and not the degradation of one or two oligosaccharides. 

The interrelationships of the carbohydrategroups in the components of AC were 
studied by the enzymic hydrolysis of each compound with the specific exo-hydrolases 
c+D-mannosidase and N-acetyl-j?-D-glucosaminidase. Control experiments produced 
no D-mannose or 2-acetamido-2-deoxy-D-glucose. The rates of hydrolysis and the 
times at which fresh enzyme was added to ensure a complete reaction are shown in 
Figs. 2 and 3. The results, summarized in Table I, are consistent with the sequence of 

sugar residues in the oligosaccharide chains shown in 1. 

(GNAc) 0 or 1 or 2 -Man-GNAc-GNAc-Asn 

I 
Man o Or I- (Ma& 

Man(GNAc)c 0r , 

1 

The structures represented in 1 are compatible with many of the observations reported 
earlier on the AC mixture’ lW2 3 , with the exception of the preliminary communication3 ’ 
in which less highly purified enzymes are used. 
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When the mole ratios of the components of AC (Table I) are taken into account, 
there is an average of 1.3 terminal hexosamine residues per mole of AC, approximately 
that noted earlier21*34s37 f or unfractionated glycopeptide, and an average of 2.4 non- 
reducing terminal mannose residues, which is close to that proposed before22*23 
from degradations by the Smith procedure and methylation22. Further support for 
the present picture is found in the preliminary results of Levvy et aZ.‘l, who showed 
that fractions of ovalbumin glycopeptides having a high hexosamine content produced 
more hexosamine per D-mannose residue upon treatment with N-acetyl-j?-D-glucos- 
aminidase than did the other fractions. 

Although the present results indicate that the sequences of sugar residues can be 
represented by a single general formula (I), the possibility that the AC-fractions have 
the same general constitution is open to question and is under study at present. 

Disper&y of ovalbunzin. - Several labels have been used to describe popula- 
tions of biopolymers but they have not been given a precise interpretation at the 
molecular level. The following definitions are proposed, being related to dispersity and 
purity of the primary covalent structures by an inspection of the population of 
molecules with “molecular tweezers”. It is recognized that the differentiation of the 
possible conformers for each molecule has not been made. 

Monodisperse. - A biopolynter preparation in which all of the molecules have 
identicalprimary, covalent structures. By the very nature of the biosynthetic processes 
as they are now understood, deoxyribonucleic acid, ribonucleic acid, or a pure 
monomeric protein cannot be polydisperse or even paucidisperse. The biosynthesis 
of each of these polymers is controlled by its particular template and the natural error 
in the copying process is estimated to be extremely small. It is important, however, 
in the preparation under study, to recognize not only the problems of isolation 
artefacts, but also the biological variations present in biopolymers from different 
species and different individuals_ The microbiologist works with a pure culture and 
thus excludes individual variation, but the variations present in a population of higher 
animals will many times exclude the possibility of genetic homogeneity. It is becoming 
increasingly clear that the studies of materials from single animals, wherever possible, 
gives the most definitive results. 

Paucidisperse. - A biopolymer preparation in which a few kinds of molecules 
exist, each having a covaIent structure that is related to the others. The operating word 
that differentiates paucidispersity from heterogeneity in the present discussion is 
“related”. The present concept of paucidispersity is closer to a low level of dispersity 
than it is to a mixture of a few separable molecules. The relationship is perhaps most 
clearly recognized by the paths of biosynthesis, the different molecules being the result 
of the action of the same synthetases, which give rise to molecules that are in a sense 
“homologous” in the same way as the lacto-N-glycoses of human milk or the kestoses 
are a related series of oligomers. 

Polydisperse. - A biopolymer preparation in zohich the molecules have the same 
polymeric covalent structure but differ in molecular size. The biosynthesis of the glycos- 
idic bonds in oligosaccharides and polysaccharides involves the stepwise addition 
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of glycosyl residues. Transglycosylation proceeds from a donor to an acceptor 
molecule until the growing chain is less and less preferred as an acceptor, or until the 
product becomes a suitable substrate for another enzyme. This change in the growing 
biopolymer is not abrupt, as a consequence of which the molecular weights of the 
individual poIymer chains range between two extremes. The number of molecules in 
this range follow some distribution function of molecular weight, the peak repre- 
senting the most favored molecular size. 

Microheterogeneity. - A preparation is microheterogeneous when all the 
molecules have the same backbone primary structure, but with limited mod$ications of 
some of its monomer units. Microheterogeneity, like paucidispersity, implies a 
comparison of some property without describing a reference criterion. Since we are 
concerned in the present framework with the molecular structures of biopolymers, 
microheterogeneity has been applied to mixtures of molecules with the same primary 
structure and differing from each other in substitutions of small monomer residues or 
chemical groups on the primary chain. This description embraces nearly all of the 
uses of the term microheterogeneity, with the exception of those protein preparations 
that contain slight variations in the sequence of amino acids. Such examples have now 
been shown to be due largely to genetic variations in the population of organisms 
from which the material was derived, and they would now be considered hetero- 
geneous. In the area of the protein portion of a biopolymer some causes of micro- 
heterogeneity are (i) partial phosphorylation, (ii) partial hydrolysis of the glutamine 
or asparagine as a result of isolation procedures (Asn and Gln are genetically coded 
into the primary structure), (iii) partial acylation of free amino groups either at the 
amino terminus or the e-amino groups of lysine3*, (iu) disulfide interchange, giving 
rise to the possibilities for many different species of a protein, as seen in albumin of 
bovine plasma3’, and (u) variability in protein-metal ion complexes. 

It is inevitable that the dispersion of a biopoIymer may be categorized in more 
than one way, depending upon the parameter that is used for reference4’. Thus, pure 
heparin preparations are polydisperse with reference to the molecular weight but 
microheterogeneous in terms of sulfate gro~ps~‘-~~. The partial acid hydrolysis of 
such a biopolymer increases both the polydispersity and the microheterogeneity. It 
is clear that ovalbumin from genetically homogeneous chickens may show a molecular 
microheterogeneity due to the extent of phosphorylation and a paucidispersity as a 
result of a “homolo,~” of oligosaccharide groups. The microheterogeneity can be 
removed by the action of phosphatases, and whether the remaining paucidispersity 
can account for ail the residual complexity of the ovalbumin described by Lush45 is 
still to be demonstrated. Some preliminary experiments would suggest that this is the 
case2*. This type of paucidispersity should have been anticipated by the results of 
Roseman and coworkers46. Transglyco y s lation of the first 2-acetamido-2-deoxy-o- 
glucosyl residue to a specific L-asparagine residue in the ovalbumin polypeptide chain 
is followed by a step-by-step addition of further hexosamine of D-mannosyl residues 
to produce the branched-chain oligosaccharides (1). The length of each chain reflects 
a different degree of completion, the ultimate of which being an undecasaccharide in 
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the mixture studied. Each component represents at least 5% of the total and the 
paucidispersity is probably not due to inexactness of the transgIycosyIases3’, although 
in some instances such processes may add to the dispersity of a glycoprotein. 

It will be a matter for future study to demonstrate the generality of molecular 
paucidispersity in each prosthetic group ‘of other giycoproteins. Indications are 
reported in several cases3’, including tropocollagen4’, a,-macrogIobulin4’, and 
porcine submaxillary mucin4*, without however isolating the individual glycopeptide 
groups. It is probabIe that no pure glycoprotein will be monodisperse. 
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APPLICATIONS OF EMPIRICAL RULES FOR OPTICAL ROTATION TO 
PROBLEMS OF CONFORMATIONAL ANALYSIS*? 

R. U. LEhmzuxz AND J. C. MARXN** 

Department of Chemistry, The Unicersity of Alberta, Edmonton 7 (Canada) 

(Received October 24th, 1969; in revised form, January 26th, 1970) 

ABSTRACT 

Whiffen’s rules for estimating the molar rotation of saturated pyranoid carbo- 
hydrates from their geometrical structure are reduced to four rotational parameters, 
based on gauche relationships between carbon atoms, oxygen atoms, and carbon and 
oxygen atoms, and whether or not these atoms are bridged by C-C or O-C. The 
numerical values assigned are based on the rotations of simple model compounds as 
structural units of the more complex molecules. Consideration is given to the favored 
orientations for the methyl group of methyl gIycopyranosides and for the hydroxy- 
methyl group of hexopyranoses and their derivatives. Conclusions based on rotation 
are substantiated by the coupling of 13C to the anomeric hydrogen atom for the 
methyl glycopyranosides. Solvation effects on rotation are interpreted in terms of the 
empirical rules and the effects of hydrogen bonding. 

INTRODUCTION AND DISCUSSION 

Recent investigations in this laboratory Iv2 have shown that changes in specific 
rotation at the D-line of sodium can be related to changes in conformational equilibria. 
These interpretations are based on the empirical rules that were first suggested by 
Whiffen and later elaborated by Brewster”. This communication provides further 
experimental evidence for the utility of such rules. However, to do so, we need to 
propose new values for the contributions to rotation made by certain asymmetric 
conformational units found in saturated oxygenated compounds wherein neighboring 
groups are encountered that have sta ggered arrangements, or at least approximately 
so. Whiffen proposed it to be “unwise to obtain numerical values from the minimum 
requisite number of compounds and better to use such values as a guide and adjust 
them to give the best overall fit with the experimental values.” Our basic assumption 
in developing the numerical values for contributions to rotation by asymmetric 
conformational units contradicts this proposal_ Instead, we believe it more ztsefztl to 

*Dedicated to the memory of Professor M. L. Wolfrom. 
iThe research was supported in part by a grant-in-aid of research (National Research Council of 
Canada B-172) to R. U. L. Presented at the Clifford B. Purves Lectures in Chemistry, McGill Uni- 
versity, March 13, 1969. 
SPostdoctorate fellow with Professor M. L. Wolfrom, 194-7. 
**Canada Council Postdoctoral Fellow, 1968-69. Present address: Universitk de Lyon, Departement 
de Chimie Organique 2, Lyon, France. 
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arrive at values by using the rotations of closely related structures, including whenever 
possible simple model compounds that contain structural units present in the more 
complex carbohydrate structures. This procedure is considered more useful since it 
allows predictions of the rotation of more-complex, related structures of fixed 
conformation. The resultant values are generally in better accord with observation 
than are those obtained from the more general approaches employed either by 
Whiffen or by Brewster4. Thus, the procedure should be more reliable in attaching 
significance to differences between calculated and observed rotations. This expectation 
appears, as will be seen, well justified by the results achieved. Also, Brewster found it 
necessary to invoke the concept of permolecular dissymmetry in his treatment of the 
rotations of carbohydrates. We have found, following Whiffen’s procedure, that the 
rotation thus assigned can be attributed to the occurrence of asymmetric confor- 
mational units formed by carbon and oxygen atoms in gauche relationship, as long as 
different values are assigned depending on whether the bridging atoms are both 
carbon (C/C, O/C or O/O) or one is oxygen (C/C, or O/C,). 

This procedure is considered to be only a rough first approximation toward a 
proper understanding of the optical rotations of the sugars and related structures. 
Kauzmann, Clough, and Tobias’ have recently speculated on the limitations of this 
simple “pairwise interaction principle.” It was stated: “we need to know more about 
the effects of solvents on pairwise interaction, the extent to which solvent molecules 
participate in pairwise interactions, the influence of steric effects on pairwise inter- 
actions, and the relative magnitudes of pairwise and higher order interactions” and 
the opinion was expressed, “we cannot afford to be satisfied with the more limited 
assumptions of Whiffen and Brewster.” Further on, these authors’ stated, “it is 
evident that the principle of pairwise interactions cannot lead to very accurate 
predictions of the rotations of the sugars possibly because of restricted rotation of the 
hydroxyl groups and solvation effects that vary irregularly with configuration.” 
Furthermore, it was suggested, “if an empirical approach is to be fruitful, it ought to 
be set up in a manner consistent with what is known about the general theoretical 
basis of the phenomenon.” The facts are, however, that developments occur through 
attempts to correlate observed data on the basis of simple rules, with subsequent 
expansion of the theory to higher orders as the experimental data dictate refinements. 
For example, as will be seen later on, we have dispelled by experiment the fears based 
on theory that solvation effects (arising from simple solvents) on the rotation may 
vary irregularly with configuration to an extent that such effects may drastically 
obscure rotational changes caused by changes in conformation. Empirical rules that 
are theoretically inadequate have frequently played critically important roles in the 
development of chemistry. Accordingly, we present here the results of efforts to 
rationalize the rotations of structurally related carbohydrates, on a strictly pairwise 
principle as applied to the solute, and involving only the carbon and oxygen atoms. 
The presentation highlights the deficiencies in the procedure, and as such is of 
heuristic value to the elaboration of better theoretical approximations. The method 
clearly provides a useful, though still primitive, tool for the study of conformational 
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equilibria. There can be no doubt that the pairwise principle, as applied to asymmetric 
conformational units, will be the most important single parameter in efforts to account 
for the optical rotations of the complex, saturated, carbohydrate structures. 

Throughout this discussion, the term rotation will mean molecular rotation* 
defined as 

IM, _ MD x Mel- wt. 
D- 

100 

The rotations used to establish the empirical rules are those measured in water, since 
in this solvent the compounds are expected to possess the conformation shown in the 
Tables. Virtually the same rotations are expected in other solvents if these conforma- 

TABLE I 

EFFECT ON CHANGE OF SOLVENT ON MOLECULAR ROTATION= (“) 

Compound Solcent 

Warer Merhanol Chloroform Carbon terrachloride 

3 0 Th 
7 

Ho* 
9 

4 

14 - 

5 

32 - - 

3 2 

II I2 

1.8 2.1 

23 -26 

CT- -44 -38 -38 - ,39 

13 

Q[a]g for 0.5-l% solutions, as reported in this paper and ref. 2. 

*This definition is that commonly employed in organic chemistry and was used both by Whiffena 
and Brewstefi. Traditionally, carbohydrate chemists have used the product of the specific rotation 
and the molecular weight, especially with reference to Hudson’s rules of isorotation. Recently, 
biochemists have adopted the convention of dividing this product by 10 so that the molecular rotation 
corresponds to that expected for a molar solution (Style Manual for Biological Journals, American 
Institute of Biological Sciences, 2000 P Street, N-W., Washington 6, D-C., 1960, p. 29). 
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tions are maintained’*‘. This is further displayed, for example, by the data presented 
in Table I. To determine the rotation of a compound in water it was at times necessary 
to extrapolate measurements made with various proportions of methanol and water’. 

Analysis of the asymmetric conformation units present in R-Z-methyltetra- 
hydropyran in conformation 7 which has the methyl group in equatorial orientation 
shows that these cancel to zero. Both Whiffen and Brewster4 have pointed out that 
in the absence of differences in the contributions to rotation arising from such asym- 
metric conformational units (pair-wise contributions’) only small rotations are to be 
expected; that is, the presence of the asymmetric carbon in 7 on its own is not expected 
to render the compound appreciably optically active and, indeed, as seen in Table I 
the molecular rotation was less than 5” in all the solvents reported. In the case of 
compound 9, analysis of the asymmetric conformational units present in the chair 
form indicated shows the following differences: O/C-(O/H+C/H- H/H). The 
rotation of 9 was found to be + 14” in water. As mentioned above, it is arbitrarily 
assumed for the purposes of this presentation that the contributions O/H, C/H, and 
H/H are negligibly small as compared to the O/C contribution. Since it seems reason- 
able to expect the term O/H+CH -H/H to be positive, the O/C contribution is 
estimated to be somewhat lower than the rotation of 9. Therefore, the difference 
between the rotation of 9 and 7, namely 14-4 = lo”, is considered a better approxi- 
mate value for the O/C contribution than is the rotation of 9. It is emphasized again 
that this assumption is made both for reasons of convenience and better overall 
agreement as are other basically false assumptions implicit to this approach; namely, 
that the molecules are in perfect chair forms (indeed appreciable contributions to 
rotation may even arise from neighboring substituents wrongly assumed to be in a 
perfect antiparallel arrangement), that interactions further extended than for neigh- 
boring atoms make no contributions (no permolecular contributions), and that 
solvent effects are not present. In this light, we assign a contribution to rotation of 
+ 10” when in the structures under consideration there exists an oxygen and a carbon 
in gauche relationship and bridged by two carbon atoms and describing a right-handed 
screw pattern of asymmetry; i.e., as shown in the following asymmetric unit. 
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o-three-1,2-Cyclohexanediol (11) differs in asymmetric conformational units 
from cyclohexanol by 2&I/H-O/H)-(O/O-H/H), and this difference is considered to 
be the origiu of the molar rotation (-48”) of the compound. Consideration of the 
content of Table II shows that the choice of O/O = 49, as initially proposed by 

TABLE II 

MOLECULAR ROTATIONS (“) OF SELECTED CYCLITOLS 

Analysis Molecular rotation 

Calc. Found” 

HO 

OK 

OH 

HO& OH 

HO& 
OH 

HO& 
OH 

OH 
OH 

-o/o -45 -48 

-20/o -90 -92 

-o/o -45 -49 

-o/o -45 -54 

- o/o -45 -43 

-20/o -90 -91 

+20/o f90 f100 

o/o +45 f49 

30/o +135 +117 

%ze ref. 3. 

Whiffen3, provides an excellent basis for estimating the molar rotations of compounds 
with known conformations wherein these asymmetric conformational units occur. In 
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the case of 1,5-anfivdro-2,3~ideoxy4,6-U-ethylidene-D-ery?hro-hexitol (“ 1,2,3- 
trideoxy-4,6-O-ethylidene-D-erythro-hexopyranose”, 12), our analysis would require 
a rotation of zero. Indeed, a rotation of only 2” was observed (see Table I). The 
related structure 13 can be analyzed as -O/O, giving a predicted molar rotation of 
-49, in good agreement with the value of -44” found (Table I). 

CH3T_ c”3- 

12 13 

Brewster assigned a rotatory contribution of 50” for the asymmetric unit 
defined as k(O-H) (C-H) and which we represent simply as O/C. We conclude that, 
for our procedure, the most useful value for O/C is lo”, with the sign depending on the 
screw pattern, in view of the analyses presented in Table III for selected pentoses and 
6-deoxyhexoses and certain of their deoxy derivatives. Brewster’s rules provided a 
permolecular contribution to rotation of +60” for an axial hydroxyl group at 
positions 2 or 4 of the compounds listed in Table III. In the case of 6-deoxy+-D- 
mannopyranose, for example, a permolecular contribution of -60” was assigned to 
the axial 2-hydroxytetrahydropyran grouping, and it is this contribution that allowed 
the use of +50” for the contribution k(O-H) (C-H). Examination of Table III 
clearly shows that our method provides a much better correspondence between the 
rotations calculated and found than does Brewster’s procedure. However, it must be 
noted that our values are specially chosen for the kinds of structures under considera- 
tion and do not, for example, account as well for the rotations observed for the simple 
2-methylcyclohexanols as do Brewster’s rules, which are based on the rotations of 
these compounds. The choice of the value for the O/C contribution is of central 
importance to this communication, since a main purpose is to present arguments for 
assigning conformational preferences to the hydroxymethyl group of hexopyranose 
structures. Before discussing this matter further, the rotations of methyl glyco- 
pyranosides should be considered. 

In his empirical rules to correlate rotation with the structure of methyl glyco- 
pyranosides, Brewster4 assigned a contribution of f 105” (depending on the configura- 
tion) to the conformational unit defined by the acetal linkage as shown in 14. That this 
carbon-oxygen bridged, asymmetric conformational-unit, which we specify as O/C,, 

14 
-105’ 

should make a strong contribution to rotation is evident from the rotations of the 
aldopyranoses listed in Table IV having the I-substituent axial. It is seen that a value 
of + 115” for the O/C, unit described by the axial oxygen atom and C-5 provides a 
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TABLE III 

MOLECULAR ROTATIONS (“) OF SELECTED DEOXY DERIVATIVES OF PENTOSES AND HEXOSES 

Analysis Molecatar rotations 

Calc. Foand 

3recr?ster4 
method 

References 

HoHs 

HoHsoH 

HOSOH 
HO 

HO 

0 

ks 
HO 

HOH< 
OH 

HOG 
OH 

o/c +10 +14 +50 - 

o/c-o/o -35 -32 +5 - 

20/C-30/0 -115 -124 -100 30 

20/c-20/0 -70 63 -55 27c 

opz-ojo -35 -20 f5 27~ 

30/o-0 ‘C + 125 i- 132n f130 31 

-o/o -4s -25b -45 26, 32 

o/c-20/0 -80 - 109 -105 26 

“From the rotation of the enantiomer. bEstimated from the rotation of the equilibrium mixture. 

good correspondence between predicted and observed rotations. The only serious 
discrepancies are with the configurationally related sugars, cc-D-lyxose and 6-deoxy-cc- 
D-mannose. It is now well established by X-ray crystallography that the pyranose 
ring of the sugars is appreciably distorted from the ideal-chair form and that neigh- 
boring substituents in gauche relationship can define dihedral angles over an appre- 
ciable range. Since it is possible that the magnitude of the contribution is substantially 
dependent on the dihedral angle, it is not considered useful for the present purposes 
to try to achieve better agreement through the introduction of further parameters such 
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TABLE IV 

MOLECULAR ROTATIONS OF I-AXIAL SUGARS 

Analysis Molecular rotations 

Calc. Found 

References 

o/o-o/c + o/co +150 + 140 26. 27a 

HO 
&H 

0 

h 

HO 

HO 
40/0-20/C+ O/Co 

OH 

H”aoH o/o + o/co 

HoH* o/c-30/0 + o/co 

bH 

HO 

40/0-30/c + o/co 

-20 8.4 26. 27a 

275 303= 28 

160 163= 29 

-10 +16= 26 

265 251= 26 

=From the rotation of the enantiomer. 

as these, or by use of three- and higher-way interactions’. Indeed, the main immediate 
promise of these empirical rules to conformational analysis is for the interpretation of 
changes in rotation in terms of changes in conformational equilibria as may be brought 
about through changes in solvation. For these purposes, a basis for precise predictions 
of rotations, although desirable, is not normally essential. The value of 115” for O/C, 
corresponds to the value of 113” assigned by Whi@en3 to his rotational parameter J. 

Table V shows that the introduction of an O-methyl group in a cyclitol structure 
can cause a change in rotation as great as 60”. These data should be contrasted with 
the statement by WElTen that “there are reasons for believing that the contribution 
is small and that the formation of methyl ethers has little effect on the moIecular 
rotation. ” As would be expected, introduction of a methyl group on an equatorial 
hydroxyl group flanked by two equatorial hydroxyl groups should lead to only a 
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TABLE V 
EFFECTS OF METHYLA’TION ON ROTATION 

HO 

HO 

OH 

0- 

+43-a 

(ref. 34) 

OH 
OH 

HO 

w 
HO \ 

+-1v- 
HoOH 

(ref. 27d 1 

HO 

OH 
+13O 

15(0nonitoI 33) 

OH 

-h6!s0 
(ref.351 

16 

OH 

OH 

Ho=&Me 
C9P 

(ref. 35) 
19 

“From the enantiomer. 

small change in rotation, as is seen for compounds 15,16, and 17 of Table V. However, 
for compounds l&19, and 20, the orientation of the methyl group that brings it into 
opposition with an equatorial hydrogen atom, as depicted in the formulas of Table V, 
should be preferred. Thus, the introduction of the methyl group in these cases should 
lead to conformers where the group is part of a dextrorotatory C/C, contribution. 
indeed, it can be seen in each case that the lotation of the methyl ether is substantially 
more positive than the parent alcohol. In view of the rotation of compound 18, the 
value of 60” is provisionally assigned to the parameter C/C,. 

In the case of methyl glycopyranosides, there can be no doubt about the 
favored orientation for the methyl group. Both the exo-anomeric effect2*6 and the 
steric factors favor the orientation shown in 14, where the methyl group is gauche to 
both the ring-oxygen atom and the anomeric hydrogen atom for both of the anomers. 
A right-handed screw pattern provides a positive contribution, and this situation was 
seen to apply also for methyl ethers. 

Table VI shows that good agreement is achieved in the calculation of the molar 
rotations for l-axial methyl a-D-glycopyranosides if it is assumed that the orientation 
of the methyl group is entirely that of the enantiomer of 14 (that is, + O/C,). However, 
the agreement is not nearly as acceptable for the l-equatorial methyl glycopyranosides 
(Table VII), since in all of the examples given the difference between the calculated 
and found values is negative. This is not the case for the l-axial anomers listed in 
Table VI. The results suggest, therefore, that conformers involving rotation about the 
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TABLE VI 

MOLECULAR ROTATIONS (“) FOR I-AXIAL hiETHYL GLYCOPYRANOSIDES 

Analysis Molecular rotations 

Calc. Found 

References 

““;%&I 
OMe 

*Oxq 
HQ 

6Me 

-3 HO 
HO 

OMe 

H”si$ 
6Me 

How 
OMe 

o/o-o/c + 20/G 265 252 26 

20/G-30/0 95 97 26 

40/0-20/C +20/Co 390 403 26 

o/o + 20&J 275 271 3 

o/c-30/0 +2o/co 105 111” 26 

40/0-30/c + 2a/co 380 351” 26 

=From the rotation of the enantiomer. 

C-I-OCH, bond, which make positive contributions to rotation relative to 14, are 
more abundant for the l-equatorial methyl glycosides than the corresponding 
rotamers for their anomers (which make negative contributions). The three staggered 
orientations are depicted in projections 14a, 14b, and P4c together with the analysis of 
their asymmetric conformational units. It can be seen that 14b must be expected to 
make a positive contribution of at least +60”. Conformer 14~ will also make a 
numerically positive contribution if indeed O/C, > C/C,, as was considered above. 
Obviously, therefore, the presence of substantial proportions of one or both con- 
formers 14b and 14c, relative to the situation for their anomers, is indicated for the 
l-equatorial glycosides. In the case of the l-axial glycosides, evidence was presented 
which seemed to require an increase in the form corresponding to 14b when the 
solvent was changed to water 2. Attempts are presently being made in this laboratory 
to establish more precisely these conformational equilibria through studies of ’ 3C 
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TABLE VII 

MOLECULAR ROTA-IIONS (“) OF ~-EQuAT~RIAL hnxi-x~~ OLyC0PyRAN0SIOJ2S 

Analysis Molecaiar rotation References 

Calc. Found 

-o/o-o/co - 
OH 

160 - 108 26 

-o/o + o/c-o/co -150 -98 26 
OH 

HOH-oMe -20/0+0/c-O/CO -195 --170= 26 

HOsoMe -0/0+0/C-O/C,, -150 -109 3 

OH 

OMe 
20/o-20/c-o/co 

OH 

.45 -29” 26 

aFrom the rotation of the enantiomer. 

to proton coupling over the C-1-O bond ‘1’ based on the assumption that vicinal 
13C to proton coupling is stronger for a torsional angle of 180” (as in 14~) than for 
one of 60” (as in 14a or 14b). Indeed, the preliminary results9 are in accord with the 

+ciGJ 
14b 

above expectation based on optical rotation. It is found that both methyl a-D-gluco- 
pyranoside and its 2-deoxy derivative, labelled in the methyl group with 1 3C, dis- 
played weak coupling (3.7 and 2.7 Hz, respectiveiy) between the r3C and the 
anomeric proton. For l-axial methyl glycopyranosides, the orientation corresponding 
to 14c is expected to be inhibited strongly, mainly for steric reasons but also for 
reasons of the exe-anomeric effect. Thus, the methyl group is restricted to the gauclze 
relationships with the anomeric hydrogen atom, and the weak coupling observed is 
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in accord with these expectations. On the other hand, much stronger coupling is observ- 
ed between the anomeric hydrogen atom and the ’ 3C-labelled methyl group for both 
methyl /I-D-glucopyranoside and its 2-deoxy derivative (4.6 and 4.4 Hz, respectively). 
This is not surprising, since for l-equatorial methyl glycopyranosides the conforma- 
tion 14c must be expected to be much more stable relative to the favored conforma- 
tion (14a) than in the case of l-axial glycopyranosides. If the anomeric effect is 
viewed as arising from the repulsion between unshared pairs of electrons for geminal 
oxygen atoms, then the exe-anomeric effect for l-equatorial glycopyranosides is 
equal for rotamers 14a and 14~. Although 14a must be less strained than 14c, these 

rotamers probably do not differ in energy by more than about one kcal/mole. This 
conclusion is of obvious interest for consideration of the conformational properties 
of &glycopyranosides, especially cellulose. 

As seen in Table VIII, the effect of introducing an hydroxyl group at C-6 of a 
6-deoxy-D-hexopyranose structure is to increase the rotation by about 25” when there 

TABLE VIlI 
EFFECT OF TEE %WDROXYMETHYL GROUP ON ROTATION (“) 

Molecular rotationsa 

R = CH2OH R = CH3 

Difference 

0 t3 f22 +4 +I8 

-t-271 +251 +20 

f351b +29 

Me 
-0 --2gb +29 

URef. 26. aFrom the rotation of the enantiomer. 
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is either no hydroxyl group at C-4 or the hydroxyl group at C-4 is axial. On the basis 
of the rotational parameters developed earlier, the three staggered orientations for 
the hydroxymethyl group should make the contributions to the rotation of the 
compound shown for 4a, 4b, and 4c. Of these conformations, 4b should be least 

stable and especially so when an axial hydroxyl group is present at C-4. If it is 
assumed that conformer 4b occurs to a negligible extent for the galacto derivatives 
given in Table VIII, then the relative amounts of 4a to 4c are expected to be about 2: 1. 
This seems reasonable, since the non-bonded interaction HO/O in 4a should be 
somewhat less than the HO/CH interaction in 4c. 

The non-bonded interactions in 4c are expected to be increased greatly through 
the introduction of an equatorial hydroxyl group at C4, since this brings these 
hydroxyl groups into a relationship (see SC) similar to the syn-axial orientation of two 
axial hydroxyl groups. Clearly this situation is strongly disfavored when water is the 
solvent*“*“. For these reasons, the conclusions reached by Yamana12*13, that the 
hydroxymethyl group of hexoses favors that rotamer corresponding to 8c for reasons 
of intramolecular hydrogen bonding, are untenable. Indeed, as seen in Table IX, the 
effect of the hydroxyl group at C-6 on the rotation of the D-erylhro compounds shown 
is much greater than it is for the D-rhreo compounds of Table VIII. If it is assumed 
that conformation 4c is entirely prohibited, one would expect the ratio of 4a to 4b to 
be about 3: 1, since for the D-eryrhro compounds of Table IX the difference in the non- 
bonded interactions between conformations 4a and 4b is one-half of that between the 
two chair forms of cyclohexanol in water14. On this basis, the differences in rotation 
for the pairs given in Table IX should be about 0.75 x 45” -0.25 x 35” = 25”. These 
considerations leave no doubt that the rotamer 4a is the favored one for hexoses, and 
to a greater extent for D-erythro-hexopyranoses than for D-tizreo-hexopyranoses, as 
would be anticipated by conformational analysis. 

Hall and Manvillel’ have recently discussed the conformational populations 
arising from rotation about the C-5-C-6 bond of acetylated hexopyranoses, as 
indicated by n.m.r. spectra, and concluded that the favored rotamer for D-gluco 
compounds was 4b, and 4c for the D-gala&o compounds (as the acetates). These con- 
clusions are not those expected from the above considerations based on rotation. As 
pointed out I5 they are at variance with conclusions reached by Lemieux and 
Stevensf6 in favor of acetylated 4a. We now present data based both on n.m.r. 
spectroscopy and optical rotation to support the contention that 4a represents the 
favored conformation for both the acetylated and unacetylated forms of D-erythro- 

hexopyranoses. 
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TABLE IX 

EFTECT OFTEE~-HY~~~~Y~~-H~LGROLWONROTATION(O) 

it-~oiecdar ratution 

R. U. LFMIEUX, 1. C. MAR-I-IN 

D&k??E??2E Refererrces 

R = CHzOH R = CH3 

+53 +13 +40 - 

-32 +53 - 

+70 +48 (CHsOH) f22 36.37 

-81 -1124 f43 30 

-630 f32 26 

OH 

+ 202 

-66 

-135 

+163= +39 

-98 

--170= 

+32 

+35 

26, 29 

26 

26 HoH-OMe 

+309 

f154 

+271 

+111= 

f38 

+43 

26 

26 

“From the rotation of the enantiomer. 

As seen in Table X, the introduction of either an hydroxyl or an acetoxy-group 
into the methyi group of compound 7 causes approximately the same increase of 
rotation_ Also, the rotations of both 1,5-anhydro-2,3-dideoxy-~-eryr/zr0-hexitol 
(“ 1,2,3-trideoxy-D-erythro-hexopyranose”, 8) and its diacetate (21) are about the 
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TABLE X 

RELATfVE EFFECTS OF HYDROXYLATION AND ACETOXYLATION ON ROTATlON 

Molecular rotation (‘) 

3 

-93 f4 

HOW2 & 0 
-l-22 

4 

AcOCH2 -a +21 
1 

HOCH, 

HofpJ +53 

AcTcA ; 
0 i-50 

21 

same. Thus, for these simple compounds, there is no reason based on optical rotation 
to anticipate conformational properties that are markedly different. Instead, the 
results provide circumstantial evidence for similar distributions of the various 
rotamers. 

In spite of the restraints on conformation provided by chair forms to maintain 
neighboring atoms in gauche relationship, with dihedral angles of near 60”, a dihedral 
angle of 75+ 1” exists between the acetoxy groups (ether-oxygen atoms) at C-2, -3, 
and -4 of tetra-O-acetyl-x-D-glucopyranosyl chloride”. Surely, therefore, dihedral 
angles of 60” cannot be assumed for open-chain compounds. For example, a 1,1,2- 

trisubstituted ethane (as shown), may have a dihedral angle defined by H, and Hb of 
substanrially less than 180” if separation of the gauche R groups by rotation about 
the central C-C bond is accommodated by the greater eclipsing of the R groups by 
hydrogen, with a net decrease in energy. It is evident, therefore, that an interpretation 
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of n.m.r. data for such compounds cannot be made on the basis of an assumption that 
time-averaged coupling constants reflect the averaging of the coupling constants 

expected for protons defining dihedral angles of 60” and 180”. This contention is 
supported by the torsional angles found between the hydroxyl group of the hydroxy- 
methyl group side-chain of numerous glycosidic structures. The orientation found in 
the crystalline state obviously has no necessary bearing on the favored rotamer in 
aqueous solution, and neither does the magnitude of the torsional angle. Nevertheless, 
the possibility exists, in the absence of information to the contrary, that substantial 
deviation from idealized dihedral angles of 60” and 180” occurs in solution. For 
example, in 2’-deoxyadenosine”, the 5’-hydroxyl group is oriented relative to the 
furanose ring as depicted in 4a, and in 2’-deoxy-5-liuorouridine1g, where the orienta- 
tion corresponds to 4c, the positive torsional angles with the ring oxygen-atom are 68” 
and 172”, respectively. Indeed, such distortions from the ideal 60” and 180” are 
found most commonly . ‘* Unfortunately, the X-ray crystallographers have not until 
recently normally presented the structural features in terms of torsional angles between 
neighboring groups. These angles are now being examined in this laboratory in an 
attempt to achieve a better calibration of n.m.r. parameters. 

TABLE XI 

COUPLING CONSTANTS FOR THE HYDROGENS AT THE &POSITION OF DERIVATIVES OF D-.‘?rythrO-HEXO- 

PYRANOSE 

a-p= 
0 b 

1 

Acoe 
21 

*=:* 

24 

OAC 

4.2 6.2 -11.2 

5.0 2.7 - 12.0 

4.9 2.5 - 12.0 

4.7 2.5 - 12.5 
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Introduction of an acetoxy group at C-4 of compound 1 led to a substantial 

decrease in one of the two time-averaged coupling constants J5,6P and J5,s (Table XI), 

and these coupling constants are found in the other 4-substituted compounds listed. 
Most probably the larger coupling constants of 4.7-5.0 Hz (assigned to Js,s,) arise 
from a large dihedral angle r ’ of about 165” for these hydrogen atoms in rotamer 22 

H-6’ 
c-4 

H-6 

* 

H-6 

I0 

c-4 0 

- -75” __c H-6’ 

H OAC P 
AcO ~-5 

22 23 

and a value of near zero for Js,s, in the less abundant rotamer 23. The coupling 
constants Jss6 = 6.2 and Jss6, = 4.2 Hz found for compound 1 are very similar to 
those observed for g&z&o compounds15, and are in accord with expectation that 
rotamer 23 is relatively much more important when C-4 is not substituted by an 
equatorial acetoxy group. 

Finally, it must be kept in mind that the coupling constant for a methylenic 
hydrogen atom of an hydroxymethyl group with a neighboring methine hydrogen 
atom with which it defines a torsional angle of 180” can be expected to be substantially 
greater than for two similarly disposed methine hydrogen atoms2’. As a result, the 
proportions of rotamers that represent weak coupling-interactions may he seriously 
underestimated. These considerations place severe limitations on the use of n.m.r. 
spectroscopy to establish rotamer populations and emphasize the importance of 
refining alternative methods, such as that based on optical rotatory power. 

A third and most compelling reason to assign the greatest stability to the 
rotamer state shown for 24 resides in the evidence based on optical rotation for 
assigning the rotamer depicted for 11 and the similarity in the coupling constants for 
H-6, H-6’, and H-5 in compounds 24 and 11. 

7-6 

H;- AC{& 

11 24 
J 56=2.4H~ 2.5Hz 

.I5 6*=5.7Hz 

J &*= --12Hz 

4.9 Hz 
-12H2 

We do not consider this matter completely settIed. Nevertheless, the study of 
conformational equilibria by way of changes in optical rotation may well show up 
limitations in apphcations of n.m.r. spectroscopy to ethylenic structures, since the 
numerical changes in contribution to optical rotation with changes in dihedral angle 
are greater, and therefore more readily interpreted, than are changes in coupling 
constants with changes in the populations of rotamers. 

The effects of change in solvent on the optical rotations of compounds 4 and 8 
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are of particular interest. The rotation of 4 is +22” in water, t8” in 1,2-dichloro- 
et&me and -65” in methyl sulfoxide. Lemieux, Barlow, and Mills’_’ have presented 
evidence that the gauche relationship between two oxygen atoms is favored in water 
more so than in aprotic solvents. Thus, one would expect 4 to favor 4a more than 4c to 
a greater extent in water than in 1 ,Zdichloroethane and, therefore, that the compound 
be more dextrorotatory in water than in l,Zdichloroethane, as was found. A solution 
of 4 in methyl sulfoxide must be expected to show strong destabilization of confor- 
mation 4a for the same kinds of reasons; for example those described by Lemieux and 
Pavia’ ’ to explain the effect of methyl sulfoxide on the chair-chair equilibrium for 
methyl 3-deoxy-4-O-methyl-j3-L-eryzhro-pentopyranoside. Thus, 4 should have more 
of conformer 4c in methyl sulfoxide than in either 1,Zdichloroethane or water and 
should, therefore, have the smallest rotation in this solvent. Indeed, the observed 
rotation was -6”, close to that expected (- 10”) for conformer 4c. The change of 
rotation with change in the concentration of methyl sulfoxide in 1,Zdichloroethane 
is shown in Fig. 1. 

0 PEf&T*ACE 50 7s 100 

METHYL SuLFOXlDE IN 
1.2-DICHLOROETHANElWIWI 

Fig. 1. The etkct of methyl sulfoxide on the optical rotation (DAine) of (S)-(+)-2-(hydroxymethyl) 
tetrahydropyran (4) in I,2-dichloroethane at 25” (c, 1.18). 

Ho% Ho+& “Z& . 

80 8b 

O/C +0/o =55- 2 O/C- O/O = -25O O,C-%tc = 0. 

In contrast to 4, compound 8 has nearly the same rotation in water (-i-53”) as 
in methyl sulfoxide (+423. In both cases, the strong dextrorotation infers a high 
proportion of rotamer Sa. For obvious reasons, this rotamer should be the favored 

Curbohyd. Res., 13 (1970) 139-161 



RULES FOR OPTICAL ROTATION 157 

conformation in these solvents. However, in 1,2-dichloroethane, the two hydroxyl 
groups can become hydrogen-bonded in conformation SC. Thus, in this solvent, the 
weakly optically active rotamer 8c is expected to be abundant. Indeed, the rotation 
was only +20” in 1,2-dichloroethane. It was to be expected’ that the addition of a 
small proportion of methyl sulfoxide to the solution of 8 in 1 ,Zdichloroethane would 
increase the concentration of the hydrogen-bridged form SC, and thereby lead to a 
decrease in rotation. This, indeed, was the case, as is evident from Fig. 2. 

12 0 5 10 4 .5 50 100 

FERCENTACE METHYL SULFOXIDE IN 
1.2 - DICHLOROETnANE(W/W) 

Fig. 2. The effect of methyl sulfoxide on the optical rotation (D-line) of 1.5anhydro-2,3-dideoxy- 
D-qvfhro-hexitol (8) in 1,Sdichloroethane at 25; (c, 1.0). 

Compound 1 was readily obtained in about 50% yield by hydrogenation in 

ethyl acetate of tri-0-acetyl-D-galactal (3,4,6-tri-0-acetyl-1,5-anhydro-2-deoxy-D- 
ly_xo-hex-1-enitol), with either 5% palladium-on-charcoal or platinum as catalyst. 
This result is in sharp contrast to the lack of this product on the hydrogenation of 
tri-0-acetyl-o-glucal (3,4,6-tri-O-acetyl-1.5-anhydro-2-deoxy-o-arabino-hex-l- 
enitol”). Indeed, although the latter compound under these conditions gave about 
a 20% yield of the product of hydrogenolysis of the 3-acetoxy group and saturation of 
the double bond, the corresponding product was formed from tri-0-acetyl-D-galactal 
in only 7% yield. Evidently, hydrogenolysis of an acetylated glycal may proceed 
with reduction of the anomeric center to provide the 2,Sunsaturated intermediate, 
which may undergo extensive hydrogenolysis at C-4. The axial orientation of the 
Cacetoxy group of tri- 0-acetyl-D-galactal may provide a particularly favorable 
situation for this second stage. 

Judging from the data in Table VIII, the contribution to rotation resulting 
from the presence of the 6-hydroxyl group in both l,ianhydro-2,3-dideoxy-D-threo- 
hexitol (,. 1,2,3-trideoxy-D-rhreo-hexopyranose”, 5) and l,Sanhydro-2-deoxy-Wyx-o- 
hexitol (“1,2-dideoxy-D-Zyxo-hexopyranose”, 6) is expected to be about +25”. On 
this basis, a molar rotation of 25” -O/C = + 15” is expected for 5, in good agreement 
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with the experimental value of + 13”. In the case of 6, a rotation of O/O-O/C + 25” = 
60” is expected and +68” was found. These results further justify the values given to 
the O/O and O/C rotation parameters. 

Although Hudson’s rules of isorotation have pIayed an important role for 
classifying anomeric structures, it may be noted that these rules are based on the 
premise that the A-contribution to rotation is derived from the anomeric center only. 
However, it is now apparent’ that the presence or absence of an asymmetric confor- 
mational unit defined by the aglycon and a substituent at position 2 enters into the 
calculation of the A-value, and explains the so-called anomaly for the value of the 
A-contribution in the manno-series of sugars and glycosides. Thus, the 2A value for an 
anomeric pair of D-mannopyranosides is that of the Zdeoxy derivative plus the 
contribution of an asymmetric unit defined by the l- and 2-substituents in gauche 

relationship. In the case of D-gktco derivatives the 2A-value is two such contributions 
greater. 

EXPERBIENTAL 

The procedures for the preparation of 1,5-anhydro-2-deoxy-D-arabino-hexitol 
(“ 1,2-dideoxy-D-arabino-hexopyranose”, ll), l,Ianhydro-2,3-dideoxy-~-ery?hro-he- 
xitol (“ 1,2,3-trideoxy-D-erythro-hexopyranose”, S), and their 0-acetyl and their 
4,6-0-ethylidene derivatives were reported in a separate communication’. 

(S)-( f)-2-Acetoxymetlzyltetrahydropyran (l), 4,6-di-0-acetyl-I,.5anhydro-2,3- 

dideoxy-D-threo-hexitoi (“di-O-acetyi-1,2,3-trideoxy-D-threo-hexopyranose “, 2) and 

3,4,6-tri-O-acetyZ-I,5-an~zydro-2-deoxy-D-l~o-hexitol (“tri-0-acetyl-I,2-dideoxy-D- 

lyxo-hexopyranose”, 3). - Tri-0-acetyl-D-galactal (10 g) was hydrogenated at 
50 lb. in- ’ for 7 h in 50 ml of ethyl acetate. The catalyst was either 5% palladium-on- 
charcoal (1 g) or prereduced platinum oxide (2 g). Diethylamine (0.600 g) was 
sometimes used as modifier. After the usual work-up, the ratio of the three title 
compounds was determined by gas chromatography over silicone rubber on Chro- 
mosorb at 175”. 

Conditions 

Mole % ofproducts 

1 2 3 

Pt, E&NH 55 5 40 
Pd, Et,NH 54 7 42 
Pd -100 0 0 

Distillation under diminished pressure (2 mm) provided (.S)-( +)-Zacetoxy- 
methyltetrahydropyran (l), b.p. 60-62”, [a]g + 13.3” (c 4.5, chloroform); 4,6-di-O- 
acetyl-1,5-anhydro-2,3-dideoxy-D-threo-hexitol (2), b-p. 92-96”, [a]“6 f9.2” (c 1.5, 
chloroform); and 3,4,6-tri-O-acetyl-l,5-anhydro-2-deoxy-D-Zyxo-hexitol(3), b-p. 141- 
144”, [a]~’ +43.7” (c 0.75, chloroform). 

Gas-chromatographic analysis indicated high state of purity for 1 and 3, and 
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the n.m.r. spectra were in accord with the structures assigned. Compound 2 was 
further purified by column chromatography on silica gel, with 9:l Skellysolve 
B-acetone as eluant. 

For compound 1, named as 6-0-acetyl-1,5-anhydro-2,3,4-trideoxy-D-glycero- 
hexitol, the n.m.r. spectrum in benzene-d, at 100 MHz showed a ratio of five protons 
in the range r 5.8-7.0 to nine protons in the range z 8.1-9.0, as expected for the 
assigned structure. A sharp singlet at 7 8.28 corresponded in intensity to the acetoxy- 
group signal. A sharp, Zproton multiplet centered at about 7 6.0 was assigned to the 
methylenic hydrogen atoms of the acetoxymethyl group, a one-proton multiplet at 
z 6.18 was assigned to H-5 with a band width suggestive of strong coupling (> 9 Hz) 
presumably with the axial proton at the 4-position. The methylenic protons at the 
l-position gave a broad multiplet in the range r 6.5-7.0. With aid of spin-decoupling, 
the following approximate coupling constants (Hz) could be estimated: J, , Ia - 11.0; 
J 1,2 10; J,,,. 3.7; J1,,2 4.3; J1.,2.2.0; J5,6 6.2; J5,6.4.2; Jbw6. -11.2. 

The n.m.r. spectrum for compound 2 at 60 MHz in benzene-d, also gave 
integrals in accord with the assigned structure. A rough singlet centered at r 5.09, 
with a half-band of width 7 Hz, was assigned to H-4, an apparent sharp doublet 
centered at r 5.75 was assigned to the C-6 methylene group. H-l and H-5 produced a 
broad multiplet in the range o 5.9-7.2 and the signals for both acetyl groups were at 
7 8.26. The methylenic protons at C-2, -3, and -4 gave a broad band in the region 
r 7.9-9.2. 

The spectrum for compound 3 was very well resolved at 100 MHz in benzene-d, 
and the following assignments could readily be made with the aid of spin decoupling. 
The chemical shifts were T 6.88 (H-l), 6.25 (H-l’), 8.65 (H-2), 8.00 (H-2’), 5.13 (H-3), 
4.65 (H-4), 6.55 (H-5), and both C-6 protons at 5.88. The acetoxy-group signals were 
at 7 7.95, 8.07, and 8.12. The following coupling constants (Hz) were estimated, 
J 
6.:: 

, -12; J1,2 12; J,,,. 2.2; J,.,, 5.5; J,.,,. 1.8; J,,,4.8; J4,5 1.5; (J,,6+ J,,,.)/2 

(S)-( +)-2-H~~~o~~methyltetraltydropyran (4). - Deacetylation of (S)-( +)-2- 
acetoxymethyltetrahydropyran (1) provided a liquid, which was purified by distillation 
at 20 mm pressure; b.p. 90-91” (compare ref. 23), [cc]~ 19.2” (c 1, water). The com- 
pound appeared pure when examined by gas chromatography and by n.m.r. spectro- 
scopy. The molar rotations in various solvents were 22” (water), 15” (carbon tetra- 
chloride), 1 lo (chloroform), 8.3” (methanol), 8” (1 ,Zdichloroethane), - 5” (acetone), 
- 6.5” (methyl s&oxide). 

I,5-Anhydro-2,3-dideoxy-o-three-hexitol (“1,2,3-Trideoxy-o-threo-hexo- 
pyranose, ” 5). - Compound 2 (350 mg) was deacetylated as described above to 
provide syrupy 5, [c&, + 10” (c 0.5, water). The n.m.r. spectrum suggested a high state 
of purity but the low yield precluded further attempts at purification_ 

2,5-Anhydro-2-deoxy-D-lyxo-hexitol (“I,2-dideoxy-D-lyxo-hexopyranose”, 6). - 
Compound 3 (5.5 g; 0.02 mole) was treated in 40 ml of anhydrous methanol with 
10 ml of 2~ sodium methoxide in methanol. After 2 h at room temperature, the 
mixture was neutralized with Amberlite IR-120 (II’) resin. Evaporation of the 
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solvent gave crystalline 6, which, after recrystallization from ethyl acetate, had m-p. 
129”, [a]‘,’ +4X1” (c 1.0, water) fliLz4, m.p. 128-12Y”, [LX]‘,” i-41.8 (c 0.5, water)]. 

(S)-( +)-2-p-( TolyIsuIfnyZoxymethyl)hyl)letrahydropyratz. - (S)-( +)-2-(Hydroxy- 
methyl)tetrahydropyran (4) (3.48 g, 0.03 mole) was treated with recrystallized p- 

toluenesulfonyl chloride (5.7 g, 0.035 mole) in 20 ml of dry pyridine for 20 h at - 5”. 
The crystalline pruduct, m-p. W”, was purified by recrystallization from petroleum 
ether-benzene. The n-m-r. spectrum was consistent with the assigned structure. 

(R)-( +)-2-Methyltetrahydropyrazz (7). - The foregoing p-toluenesulfonate 
(2 g, 0.075 mole) was refluxed in acetone (30 ml) with sodium iodide (3 g, 0.12 mole) 
for 12 h. The usual work-up and removal of solvent provided (S)-( +)-2-(iodomethyl)- 
tetrahydropyran as a yellow liquid. The crude material (1.6 g) was dissolved in 30 ml 
of methanol containing 0.6 g of triethylamine and the mixture was shaken in an 
hydrogen atmosphere with 0.5 g of 5% palladium-on-charcoal for 5 h. The catalyst 
was then removed by filtration and the solvent removed under normal pressure. The 
resultant liquid was fractionally distilled at atmospheric pressure to provide 350 mg of 
(RI-( +)-2-methyltetrahydropyran (7), b-p. 97-98” (compare ref. 25), [a]? + 2.5” 

(c 0.5, chloroform), whose n.m.r. spectrum was consistent with the structure assigned. 

Gas chromatography over silicone rubber on Chromosorb at 75” indicated a high 
state of purity. The specific rotations of 7 in various solvents are reported in Table I. 

I .5-AIzlzydro-2,3,6-trideoxy- D - erythro -1zexitol I:.‘ 1,2,3,6- tetradeoxy - D - erythro- 
hexopyrarose”, 9). - Compound 8 (1.32 g, 0.01 mole) was treated with recrystallized 
p-toluenesuIfony1 chloride (1.9 g, 0.01 mole) in 20 ml of dry pyridine for 20 h at - 5”. 
The mixture was worked up as usual to provide a colorless syrup, which was treated 
overnight in acetone (40 ml) with sodium iodide (0.6 g, 0.04 mole) at reflux tempera- 
ture. The crude product, in 20 ml of methanol containing 500 mg of 5% palladium- 
on-charcoal and 600 mg of triethylamine, was reduced with hydrogen for 5 h. The 
product isolated was purified by preparative gas chromatography over diethylene 
glycol succinate on Chromosorb at 150”. The n.m.r. spectrum was in good agreement 
(chemical shifts and integration of signals) with the proposed structure. The specific 
rotations of 9 in various solvents are given in Table III. 

Z,5-Anhydro-2,6-dideoxy-D-arabino-Jzexitol (” 1,2,6-frideo_uy-D-arabino-heso- 
plv-azzose, ” 10). - Compound 6 (1.48 g, 0.01 mole) was treated with recrystallized 
p-toluenesulfonyl chloride (1.9 g, 0.01 moIe) in 10 ml of dry pyridine for 28 h. After 
work-up, the crude p-toluenesulfonate was refluxed with sodium iodide (0.6 g, 
0.04 mole) in 25 ml of acetone for 6 h. The pale yellow product was hydrogenolyzed 
in 50 ml of methanol containing 500 mg of 5% palladium-on-charcoal and 600 mg 
of triethylamine. The colorless syrupy product (10) was purified by distillation, 

b.p. 94-96” (0.5 mm). The n.m.r. spectrum was consistent with the assigned structure. 
The specific rotations of 10 in various solvents are given in Table I. 
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Note 

Photochemical reactions of carbohydrates 

Part III’. The irradiation of D-galactose azine** 
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The Cleveland State University, Cleoeland, Ohio 44115 (U. S. A.) 

AND W. W. BINKLEY 

The Nero York Sugar Trade Laboratory, 37 Warren Street, New York, N. Y. 10007 (lJ_ S. A.) 

(Received September Sth, 1969) 

As a result of a continuing interest in the application of photochemical reactions 
to carbohydrate chemistry, we have studied the photochemistry of D-galactose 
azine (1). Our reason for selecting this azine system for study was the possibility 
that it would be photochemically converted into D-galactononitrile (2). Such a trans- 
formation seemed reasonable since the photolysis of aromatic aldazines in the 
presence of oxygen produces nitriles in high yieldlp2. 

Since sugar azines 

PhCH = NN = CHPh 
hv 

0, 
PhC=N 

are readily obtained from sugars3, a photochemical conversion 
of an azine into a nitrile would provide a new and useful route for the synthesis of 
sugar nitriles. This paper presents the results of a photochemical investigation of 1. 

Direct irradiation of 0.50 mmole of 1 in methanol under oxygen with a 450-watt 
Hanovia mercury-vapor lamp led to essentially complete disappearance of 1 after 
2.0 h. Surprisingly, however, the i.r. spectrum of the crude reaction mixture showed 
no absorption in the nitrile region (4.4-4.6 pm). In addition, analysis of the reaction 
mixture by t.1.c. in comparison with D-galactononitrile (2) showed that, although 
several photoproducts were formed, none of the expected nitrile 2 was present. 
A second irradiation, identical with the first but under nitrogen, also showed essen- 
tially complete decomposition of the starting material after 2.0 h, but no nitrile 2 
was formed (i.r. spectrum, t.1.c.). Of the products formed by irradiation of 1 under 
nitrogen, only two appeared (by t.1.c.) to be the same as those formed during the 
similar irradiation under oxygen. 

Thick-paper chromatographic analysis of the products from the irradiation 
made under oxygen led to the isolation of two sugars, identified as D-galactose (37%) 

and D-lyxose (23%). These two compounds were also isolated in 32% (D-galactose) 

*Part Ii : W. W. Binkley and R. W. Binkley, Carbohyd. Res., 11 (1969) 1. 
**Dedicated to the memory of Professor M. L. Wolfram. 
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and 14% (D-lyxose) yield from the irradiation under nitrogen. ControI experiments 
showed that D-galactose azine (1) was stable in the absence of light under the con- 
ditions of reaction and isolation. 

A possible mechanism for the formation of D-lyxose and D-galactose from the 
photolysis of D-galactose azine (1) is shown in Scheme I. 

R= ““-7” 
HO-04 

I 
HC-OH 

1 
CH20H 

EXPERIMENTAL 

t 
1 HCi,, 

I-- 
R’ 

I 

D-Lyxose Hydrorysis 

HC-OH 

R’= HO-&, 

l-IO-&H 

Hi-OH 

Gene& inet??ods. - Solutions were evaporated be!ow 50” under diminished 
pressure unless stated otherwise. Melting points were determined with a Fisher-Johns 
melting-point apparatus (Fisher Scientific Co., Pittsburgh, Pa.) and are uncorrected. 
X-Ray powder diffraction data give interphmar spacings, A, for CuKcr radiation. 
ReIative intensities were estimated visuahy: m, moderate; s, strong; v, very; w, weak. 

lrradiarioiz. - fn each reaction the stirred solution of D-galactose azine (1) 
was irradiated at 20” with a 450-watt Hanovia high-pressure quartz mercury vapor 
lamp that had been lowered into a water-cooled, quartz immersion-well. Prepurified 
nitrogen was passed through the solution for 1 h prior to irradiation and a slow 
stream of nitrogen was continued during photolysis. No fiIter was used. Solutions 

of the irradiation mixtures were evaporated below 30” under diminished pressure 
before chromatography. Specific information for each photolysis experiment is given 
in footnotes a-rl of Table I. 

Isolation. - In a typical thick-paper chromatogram, 70-150 mg lots of 
the irradiated reaction mixture in 2-3 ml of methanol were deposited on a sheet 
(23 x53 cm) of Whatman No. 17 filter paper, which was developed at 20” with 
150-180 ml of 85:15 (v/v) acetone-water. A strip (3 cm wide), cut from the lengthwise 
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edge of the chromatogram, was sprayed with p-anisidine hydrochIoride and was 
used as a guide in the Iocation of the zones. The yields of materiais recovered by 
water elution are given in TabIe I. 

TABLE I 

ZONE LOCATIONS AND YIELDS OF MATERIALS RECOVERED FROM THE THICK-PAPER CHROMATOGRAPHY 

OF IRRADIATED D-GALACTOSE AZINE 

ZOiW Zone location Yields of recorered tttaferiais (ttrg) Cotttpound isolated 

(CttI)e kpt. Aa Expt. Bb Expr. Cc Expt. Dd 

1 0.0-0.9 
2 0.4-l .3 
3 1.3-5.5 
4 5.2-7.0 
5 7.3-10.9 
6 13.5-l 6.9 
7 17.0-21.3 
s 24.5-36.1 
9 36.7-43.5 

10 45.6-53.6 

18.9 

13.3 

19.9 
4.4 
6.6 
6.3 

10.5 

20.1 

25.9 

14.8 
7.7 

25.1 
3.5 
8.9 
5.8 

8.3 

8.8 
11.7 
7.9 
8.1 

39.8 
4.6 
8.7 
5.5 
4.9 

8.3 

15.5 

25.5 
D-Galactose azine 
D-Galactose 

13.2 
20.0 
13.0 

4.5 

D-Lyxose 

“Irradiated for 1.0 h, 80 mg of material in 400 ml of methanol, under nitrogen. bIrradiated for 
2.0 h, 154 mg of material in 400 ml of methanol, under nitrogen. CIrradiated for 2.0 h, 308 mg of 
material in 400 ml of water, under nitrogen. dlrradiated for 2.0 h, 135 mg of material in 400 ml of 
methanol. under oxygen. eDistnnce from point of addition of adsorbate. 

;r-D-Lyxopyratzose tetraacetate (3) - A mixture of D-Iyxose (Nutritionai 
Biochemicals Corp., Cleveland. Ohio) (1 .OO g), powdered, fused sodium acetate 
(500 mg), and acetic anhydride (10 ml) was heated at SO” until a11 of the rkactants 
had dissolved (15 min), and heatin, 0 was continued for a total of 2 h at 80”. Partial 
removal of the solvents at SO” was achieved under diminished pressure, chloroform 
(20 ml) was added to the residue, and the mixture was shaken with saturated aqueous 
sodium hydrogen carbonate (10 ml) at 10” until all acetic anhydride had been removed. 
The dried (sodium sulfate) chloroform solution was evaporated, and resulting syrup 
crystallized spontaneously; yield 2.17 g. These crystals were recrystallized twice from 
95% ethanol; m.p. 93-94”, b]i t25.1” (c 3.3, chloroform) [lik4 m.p. 93-94”, 
b]$,” +25” (chioroform), method of preparation not given]; they were designated 
3 I/?z (low melting); t.1.c. R, 0.82 on silica gel developed with 1OO:l (v/v) benzene- 
terf-butyl alcohol; X-ray powder diffraction data: 9.87 vs, 7.54 ws, 5.99 vs, 4.81 s, 
4.62m,4.373vs,4.072vs,3.754s,3.559s,3.450vs,3.377~v,3.207m,3.093s,2.996mw, 
2.895 m, 2.688 ms, 2.617 m, 2.528 mw, 2.467 mw, 2.412 m, 2.346 w, 2.300 mw, 
2.191 m, 2.135 mw, 2.080 mw, 1.936 mw, 1.804 m, 1.637 mw. 

In another acetylation of D-lyxose, performed in the same manner, the crystals 
formed in 95% ethanol had m.p. 113-114”, [CiJfp +25.0” (c 2.0, chloroform), and 
were designated 3 hnz (high melting). The i.r. spectrum and t.1.c. mobility on silica gel 
of these crystals Lvere identical with those of 3 Znz: X-ray powder diffraction data of 
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3 hm: 9.87 vs, 7.57 ws, 5.99 vs, 4.84 s, 4.61 m, 4.382 vs, 4.072 vs, 3.754 s, 3.570 s, 
3.449 vs, 3.370 w, 3.220 m, 3.080 s, 2.988 mw, 2.898 m, 2.698 ms, 2.610 m, 2.535 mw, 
2.464 mw, 2.406 m, 2.341 w, 2.292 mw, 2.186 m, 2.131 mw, 2.078 mw, 1.925 mw, 
1.802 m, 1.637 mw. 

Anal. Calc. for Cr3H1s09: C, 49.06; H, 5.70. Found: C, 49.07; H, 5.71. 
Recovery of unreacted D-galactose azine (1) from zone 4 of Experiment B. - 

Elongated prisms formed slowly in the residual syrup isolated from this zone (see 
Table I). These crystals were found to be identical with 1 (i-r., t.l.c., paper chromato- 

graphy). 
Isolation qf D-galactose from zone 5. - The syrups recovered from this zone 

yielded elongated prisms having an i.r. spectrum, and RF values on paper and 
powdered cellulose by t.1.c. identical with those for D-galactose. A methanolic 
solution of the residual syrups yielded golden-colored crystals. An aqueous- 
methanolic solution of these crystals afforded straw-colored crystals, m.p. 165-166” 
(mixed m.p. with D-galactose unaltered). 

Isolation of rw’yxose tetraacetate (3) from zone 7. - The combined, residual 
syrups from zone 7 possessed RF values on paper and powdered cellulose by t.1.c. 
identical with those for D-lyxose. A lot (40 mg) of these syrups was allowed to react 
with acetic anhydride (5 ml) and sodium acetate (50 mg) for 2 h at 80-90”. The 
work-up of the reaction mixture was the same as that used in the preparation of 3; 
yield 74 mg. An ethanolic solution of the resulting acetate, on nucleation with 
3 hm, yielded 19 mg of prisms; the i.r. spectrum and t.1.c. RF value on silica gel were 
identical with those of 3. Recrystallization from the same solvent, nucleating with 
3 hm, afforded prisms, m.p. 112-I 13”; identical with a-D-lyxopyranose 
(3 hm) by mixed m.p. and X-ray powder diffraction. 

ACKNOWLEDGMENTS 

tetraacetate 

The authors thank Dr. R. Schaffer for the authentic specimen of cc-D-lyxo- 
pyranose tetraacetate, W. T. Winter for obtaining the X-ray powder diffraction data, 
and W. F. Altenburg for assistance with the thick-paper chromatography. 

REFERENCES 

1 R. W. BINKLEY, 3. Org. Chem., 34 (1969) 3218. 
2 J. E. HODGKINS AND J. A. KING, J. Amer. Chem. Sot., 85 (1963) 2679. 

3 H. STROH, W. KEGEL, AND G. LEH~~ANN, Cizem. Ber., 98 (1965) 1956. 
4 P. A. LEVENE AND M. L. WOLFROM, J. Biol. Chem., 78 (1928) 525. 

Curbohyd. Res., 13 (1970) 163-166 



if57 GzrbohydraC Research 
Elsevier Publishing Company. Amsterdam 
Printed in Belgium 

Note 

Isolation of L-fucose $-sulfate from fucoidan*t 

K. ANNO, N. SENO, AND M. OTA 

Department of Chemistry, Faculty of Science, Ochanomizu University, Tokyo (Japan) 

(Received September 24th, 1969) 

Fucoidan has been isolated from various species of brown seaweed and 
described as a sulfated polysaccharide composed mainly of L-fucose units. In 1950, 
Conchie and Percival’ suggested, on the basis of the results of methylation and 
alkali treatment, that most of the sulfate groups of fucoidan from Fucu.s vesiculosus 
are located at position 4 of the fucose units. In spite of this evidence, L-fucose 
4-sulfate has not yet been isolated from the seaweed polysaccharide. 

In the present paper, a fucoidan2 containing r_-fucose and a small amount of 
o-gal-lactose, isolated from brown seaweed Pelvetia wrightii, was partially hydrolyzed 
with dilute sulfuric acid, and r.-fucose Csulfate was isolated from its hydrolyzate. 

The fact that L-fucose Csulfate was isolated from fucoidan can be considered 
to be a direct proof for the presence of a sulfate group situated at C-4 of the r.-fucose 
units of the polysaccharide, since migration of an ester sulfate is unlikely to occur 
in dilute acid solution3*4. This appears to be the first instance of the isolation of 
fucose sulfate from a natural source, and the synthesis of L-fucose 4-sulfate has not 
hitherto been reported. 

EXPEFUMENTAL 

A solution of fucoidan (3.0 g) in 0.05~ sulfuric acid (300 ml) was heated for 
1 h at 100”. The hydrolyzate was neutralized with aqueous barium hydroxide, and 
after centrifugation 3 volumes of ethanol were added to precipitate the undegraded 
polymer. The supernatant was concentrated and passed through a column (2 x 25 cm) 
of Dowex-1 (X-2, AcO-). The column was washed with water (1 1) to separate the 
neutral components, and then eluted with 0.25~ sulfuric acid (2 1) to obtain the 
acidic fractions. These (660 mg, determined as fucose) were neutralized with barium 
hydroxide, and then were converted into the potassium salt by passage through a 
column of Dowex-50 (Hf), followed by neutralization of the effluent with a solution 
of potassium hydroxide. A portion (150 mg, determined as fucose) of this potassium 
salt solution was applied to a column (2.2 x 95 cm) of Sephadex G-25 (fine), and 

*Dedicated to the memory of Professor M. L. Wolfrom. 
*A preliminary communication was presented at the 6th International Seaweed Symposium at 
Santiago, Spain, September, 1968. 
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ehtted with water. The eluates were anaiyzed for fucose by the phenol-sulfuric acid 
test’. The main peak contained 2 components, which were detected with alkaline 
silver nitrate6, after descending paper chromatography in 50:12:25 butyl alcohol- 
acetic acid-water, and paper electrophoresis in 0.1 M acetic acid-pyridine buffer 

(pH 6.5, 3000 V, 30 min) on Toyo No. 51 paper. The faster moving component 
having RG 0.81 on the paper chromatogram was eluted with water from large sheets 

of thick paper (Toy0 No. 514). The eluates were collected, concentrated to a small 
volume, and freeze-dried. The yield of this component, calculated as fucose from 
calorimetric measurement’, was 25% of the acidic fraction. 

The component was homogeneous on either paper chromatography or paper 
electrophoresis. In the latter test’, it migrated 6.8 cm from the starting line (L-fucose, 
0.8 cm) under the conditions described above. The mobility was about the same as 
that of galactose 6-sulfate and that of L-fucose monosulfate, prepared by direct 
sulfation with chlorosulfonic acid *. On further hydrolysis (1.0~ hydrochloric acid 
for 3 h at 100°), only L-fucose was detected on a paper chromatogram. The moIar 
ratio of L-fucoseg to sulfatelO was 1.00:1.07; [cx]b6 - 66” (c 0.6, water). The degree of 
polymerization determined by the method of Timell’ ’ was 1.1. Reduction with sodium 
borohydride, followed by hydrolysis and g.1.c. of the per(trimethylsily1) derivatives’ ‘, 
on a Shimazu model GC-1C chromatograph, gave only fucitol. The ix. spectrum 
obtained with a KBr disc had a strong absorption band in the 1240~cm- ’ region 
and a sharp band at 845 cm- ‘, suggesting that the sulfate group is substituted at the 
axial C-4 position of the r.-fucopyranose unit in the stable CZ conformation’ 3* 14. 
With the p-anisidine hydrochloride reagent, the compound gave a yellow spot, and 
showed strong fluorescence under U.V. light on paper as described for D-galactose 
4-sulfate”. On periodate oxidation in unbuffered solution, it consumed’6 the 
following moles of oxidant per mole (time in h): 0.70 (0.75); 0.98 (2); 1.34 (6); I .59(27); 
2.22 (54); and 2.32 (124), and it liberated 1.8 mole of formic acid and no acetaldehyde 
after 124 h. These results indicate that the sugar sulfate is L-fucose 4-sulfate. 

The substance showing a slower moving spot (RG 0.54) was isolated from the 
thick-paper chromatogram, and it was tentatively characterized by its properties and 
periodate oxidation as an a-L-(l-+2)-linked fucobiose having an ester sulfate linked 
to the C-4 of the non-reducing moiety. 
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The isolation of myo-inositol from roasted Coffea arabica' 
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(Received October 3rd, 1969; in revised form, November 17th, 1969) 

Coffee, an important commodity, has been the subject of numerous chemical 
investigations. A number of workers l-r3 have investigated the mono-, oligo-, and 
poly-saccharides of green and roasted beans. Herein we report the isolation and 
identification of another carbohydrate component of roasted coffee, rnyo-inositol. 

An aqueous solution of a commercial coffee extract was treated with Somogyi 
reagent14, which precipitates the proteinaceous and melanoidin components. The 
solids in the supernatant were fractionated by column and paper chromatography. 
One fraction was identified as myo-inositol by i-r. spectroscopy_ This identification 
was confirmed by the preparation of hexa-0-acetyl+zyo-inositol. An extract of 
roasted coffee beans with 80% ethanol also yielded myo-inositol, identified as its 
crystalline hexaacetate. 

EXPERIhfENTAL 

General. - Solutions were evaporated under diminished pressure. Melting 
points were determined with a Thomas-Hoover “Unimelt” apparatus. Lr. spectra 
were determined with a Perkin-Elmer Model 221 spectrophotometer. Descending 
chromatography was performed with Whatman No. 1 paper. Extrusion-column 
chromatography was performed on Avicel microcrystalline cellulose (Technical 
Grade, Avicel Sales Division, FMC Corp., Marcus Hook, Pa.) by a technique 
described elsewhere15. Three chromatographic solvent-systems were employed: (a) 
10:3:3 butyl alcohol-ethanol-water; (b) 9:2:2 ethyl acetate-acetic acid-water; (c) 
6: 1:3 propyl alcohol-ethyl acetate-water. The silver nitrate-sodium hydroxide 
reagent l6 was used for spraying the paper and column chromatograms. 

Removal of melanoidins from soluble coffee powder. - The soluble coffee sample 
was obtained in factory-sealed jars. The powder (100 g, 3% moisture) was dissolved in 
water (2000 ml) at 50”. After cooling to 20”, 0.15~ barium hydroxide (2000 ml) and 
5.0% zinc sulfate (2000 ml) \v:re added 14. After the resulting precipitate had been 
removed by centrifugation, the supernatant was passed through a column (43 x 
41Om.m) of Amberlite MB-3 (Ht, OH-) ion-exchange resin. The eluate was then 
freeze-dried to yield a light brown solid (A); wt. 30 g. 

*Dedicated to the memory of Professor M. L. Wolfram. 
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Chromarographicfractionation of A. - A column (50 x 260 mm) was prepared r 5 
with 200 g of Avicel and 800 ml of solvent (a) and washed with 300 ml of the solvent. 
The sample (A, 500 mg) was placed on the top of the column as a solution in 10 ml of 
the solvent. By using a vacuum of 10-20 cm Hg, 800 ml of solvent (a) was passed 
through the column. After draining, the column was extruded and sprayed with silver 
nitrate-sodium hydroxide reagent16. Four zones were revealed. The zone extending 
from 80 to 120 mm from the column top was excised and eluted with three 250-ml 
portions of water. The combined eluates were centrifuged and the soluble solids 
recovered by freeze drying. The solids from 5 such columns were combined and re- 
chromatographed in the same manner to give one zone. The weight of recovered 
material (B) was 70 mg. Paper chromatography of B with solvent (b) showed two 
components. A preparative paper was then run with 7 mg of B. Guide strips were cut 
from the sides of the paper and sprayed with silver nitrate-sodium hydroxide reagent. 
The horizontal strip of paper corresponding to the slower-moving major (based on 
visual estimation) component was excised and eluted. The eluate was evaporated to 
4 ml. 

I~en:ification ofmyo-inositol. - An aliquot of the eluate was taken to dryness 
in a stream of warm air and the residue was mixed with potassium bromide. The i-r. 
spectrum of this mixture was identical with that published” for myo-inositol, and 
with the i-r. spectrum of an authentic sample (Pfanstiehl Chemical Co., Waukegan, 
Ill.). 

Isolation of myo-inositol from soluble coffee powder as its hexaacetate. - 

Coffee powder (2.5 g) was refluxed for 2 h with 0.6~ hydrochloric acid’* (250 ml). 
After cooling, the solution was filtered, diluted to 1500 ml, and passed through an 
MB-3 (II’, OH-) ion-exchange column (43 x410 mm)_ The eluate was then evapo- 
rated to a syrup, which was chromatographed on an AviceI cohrmn (50 x 260 nun), 
prepared as described previously, except that solvent (c) was used. After 400 ml of 
solvent (c) had passed through the column the packing was extruded. Spraying with 
the silver nitrate-sodium hydroxide reagent showed two zones. The slower-moving 
zone was excised and then eluted with 300 ml of the developing solvent. The eluate 
was evaporated to a syrup, which was acetylated lg by refluxing for 2 h with acetic 
anhydride (10 ml) containing a drop of concentrated sulfuric acid. The acetylation 
mixture was poured into boiling water (10 ml). The solid that formed was filtered off 
and taken up in chloroform (25 ml). The filtrate was extracted with an equal volume 
of chloroform to a total of 3 times. All of the chloroform solutions were combined and 
washed successively with equal volumes of water, saturated sodium hydrogen car- 
bonate, and water. The chloroform solution was dried over sodium sulfate and evapo- 
rated to give a dark-brown syrup. This was dissolved in absolute ethanol (10 ml) and 
the solution boiled with decoloziring carbon for 2 min. The carbon was filtered off 
and the ethanol evaporated to a small volume and cooled. A small amount of crystals 
(10 mg) formed. These melted at 214-215”, unchanged when mixed with authentic 
hexa-O-acetyl-myo-inositol. 

Isolation of myo-inositolfrom roasted beans of Coffea arabica as its hexaacerate. 
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- Roasted beans (83 g, equivalent to 100 g of green beans) were ground and extracted9 
with petroleum ether (350 ml) and then with 80% aqueous ethanol (500 ml). The 
alcohol solution was evaporated to a syrup, which was mixed with water (100 ml) 
and the insoluble solids removed by centrifugation. These soIids were washed once 
with water (100 ml) and centrifuged. The supernatant and ,washings were combined 
and evaporated to a syrup. The syrup was hydrolyzed and treated as described above 
for soluble coffee, to give hexa-O-acetyl-myo-inositol. 
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Note 

Attempted formatiun of an anhydronucleoside from 

1-(2,3,5-trideoxy-5-iodo-~-D-g/ycero-pent-2-enofuranosyl)thymine* 

MICHAEL W. Wrnuy 

Department of Chemistry, University of Utah, Salt Lake City, Utah 84112 (U. S. A.) 

(Received August 14th, 1969; in revised form, October 15th, 1969) 

Measurements of circular dichroism on pyrimidine nucleosides’-3 prompted 
the attempted synthesis of a nucleoside related to 1, where X is arbitrary. 

0 

AZ X i I 

A0 
N 

0 tcj 
1. X=Me 

The most suitable route to a molecule of this form appeared to be from 1-(2,3- 
dideoxy-j?-D-gZycero-pent-2-enofuranosyl)thymine4 (2) 

0 

Me 

2 R=Ot-l 
3 R=I 

Conversion of the 5’-hydroxymethyl group of 2 into a 5’-iodomethyl group, followed 
by formation5*6 of an anhydronucleoside under silver acetate catalysis, would then 
possibly give 1. 

Treatment of 2 with methyltriphenoxyphosphonium iodide’ gave a good yield 
of 1-(2,3,5-trideoxy-5-iodo-j3-D-gZ~cero-pent-2-enofuranosyl)thymine (3) without any 
evidence of reaction with the isolated 2’,3’-double bond. The structure of 3 was 
established on the basis of its elemental analysis, p-m-r. spectrum and its conversion 
into 1-(2,3,5-trideoxy-P-~-gZyceru-pentofuranosyl)thymine (4). The p.m.r. spectrum 
of 3, measured in methyl sulfoxide-d,, showed a striking resemblance to the published 

*Dedicated to the memory of Professor M. L. WoIfrom. 
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spectrum of 9-(2,3,5-trideoxy-~-D-glycero-pent-2-enof~anosyl)ade~ne8. The proper- 
ties of 4 differed from those reported by Todd et aL6 for impure 4. 

Attempts to convert 3 into 1 by treatment with silver acetate in refluxing 
methanol’ failed. The rapid formation of a precipitate of yellow silver iodide, such 
as that which occurs in the preparation of an anhydronucleoside from 5’-deoxy- 
5’-iodo-2’,3’-O-isopropylideneuridine’, was not evident. T.1.c. demonstrated the 
presence of starting material, even after a reaction time of several h. The procedure 
of Michelson and Todd6, which was successful in converting 5’-deoxy-5’-iodo- 
thymidine into an anhydronucleoside, was investigated. When treated with silver 
acetate in refluxing acetonitrile, 3 reacted sluggishly and there was no evidence of 
anhydronucleoside formation after the prescribed time. T.1.c. indicated the presence 
of a small proportion of a new, slightly faster-moving product. Increase in the 
quantity of silver acetate and extension of the time of reaction resulted in further 
conversion into this product. This product proved to be l-[2-(5methylfuryl)]thymine 
(5), which would be expected from the sequence of reactions shown’. 

- OAc 5 

The addition of amines to purified acetonitrile in this silver acetate-catalyzed 
procedure, as recommended by Michelson and Todd6, gave similar results and still 
did not produce any anhydronucleoside. 

Fox et al.” recently demonstrated that the conformation of the D-ribose 
moiety is an important factor in the formation of anhydronucleosides involving the 
5’-methylene group. It is probable that the constraint to planarity imposed by the 
2’,3’-double bond of 3 prevents this molecule from adopting a conformation favorable 
for formation of an anhydronucleoside. This limitation is not found, of course, in the 
flexible sugar moiety of 5’-deoxy-5’-iodo-thymidine and so in this case the anhydro- 
nucleoside is formed. 

ExPERIMENTAL 

General methods. - Melting points were determined with a Thomas-Hoover 
capillary melting point apparatus and are uncorrected. P.m.r. spectra were measured 
with appropriate internal standards of tetramethylsilane or sodium 2,2-dimethyl-2- 
silapentane-5-sulfonate with a Varian A-60 n.m.r. spectrometer. First-order J values 
are given. U.V. spectra were determined with a Beckman DK-2 spectrophotometer. 
1.r. spectra were determined with a Beckman IR-5 spectrophotometer. Detection of 
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components on SilicAR 7GF (Mallinckrodt) was by U.V. light. Silica gel was chro- 
matographic grade (J. T. Baker Chemical Co.). Solvent proportions were by volume. 
Evaporations were performed under diminished pressure at 35”. 

I-(2,3,5-Trideo.ry-5-iodo-B_D-glycero-pent-Z-enof~r~osyi)tfzym~ne (3). - A mix- 
ture of I-(2,3-dideoxy-8-o-glycero-pent-2-enofur4 (1.63 g) and methyl- 
triphenoxyphosphonium iodide’ (3.3 g) in dry N,N-dimethylformamide (10 ml) was 
sealed and kept for 3.5 h at room temperature. The solution was evaporated at 30” 
to give a partially crystalline residue. This residue was dissolved in chloroform and 
the solution was washed twice with sodium thiosulfate solution and water. The 
dried (MgSO,) solution was evaporated to a small volume whereupon crystallization 

occurred; yield, 1.97 g (81%), m.p. 112-113” (unchanged after recrystallization from 
chloroform); ,I::: 1670, 1700 cm- r (C=O of thymine moiety) ; A::‘,: 264 (Z 10,350), 
IpH’ ’ 264 nm (a 8,000); p_m.r. (methyl sulfoxide-d,) 6 1.8 1 (3-proton singlet, 5-CH,), milx 
3.51 [2-proton doublet, J 5.0 Hz, 5’-CH,I), 4.71-5.10 (l-proton multiplet, H-4’), 
5.98-6.21 (l-proton multiplet, H-3’), 6.35-6.55 (l-proton multiplet, H-2’), 6.71-6.88 
(l-proton multiplet, H-l ‘), 7.40 (l-proton singlet, H-6), 11.66 (l-proton singlet, NH). 

Anal. Calc. for C,,H,,IN,O,: C, 35.95; H, 3.32: N, 8.39. Found: C, 35.88; 
H, 3.17; N, 8.01. 

Attempted formation of an anfzydronucleoside from 3. - A. A mixture of 3 
(0.50 g) and silver acetate (0.80 g) in dry “nanograde” acetonitrile (Mallinckrodt) 
(45 ml) was heated for 1.25 h with stirring under reflux. A small aliquot of super- 
natant was treated with hydrogen sulfide and examined by t.1.c. on SilicAR gel 7GF 
with I:1 ethyl acetate-chloroform as developer. Several developments revealed the 
presence of a small proportion of a faster-moving component in addition to starting 
material. Portions (0.80 g each) of silver acetate were added after 2, 4, and 6 h. 
After 4 h an additional 45 ml of acetonitrile was also added. The reaction was 
allowed to continue for 17 h. The mixture was cooled. filtered through Celite and the 
filtrate was treated with hydrogen sulfide. The resulting precipitate was removed 
and the filtrate was evaporated to a syrup. This syrup was dissolved in chloroform 
and applied to the short edge of a SilicAR 7GF plate (2 x200 x400 mm) and the 
plate was developed with 41 chloroform-ethyl acetate. The major band was excised 
and the silica gel was extracted with methanol. Solvent removal gave a crystalline 
residue. This material was extracted with ethyl acetate and the solvent removed 
to give 0.07 g (m.p. 158-162”). Recrystallization from ethyl acetate-hexane gave 
pure 5; m-p. 164-166”; p.m.r. (methyl stioxide-cl,) 6 1.88 (3-proton singlet, 5-CH,), 
2.34 (3-proton singlet, 5’-CH3), 6.23 (l-proton doublet of doublets, .Js,,s, 1.0 Hz, 
H-3’), 6.37 (l-proton doublet, J2.,3s 3.5 Hz, H-2’), 7.52 (l-proton doublet, J6,5_CH, 

1.0 Hz, H-6), Il.91 (l-proton singlet, NH). 
Anal. Calc. for CIoHION,O,: C, 58.25; H, 4.89; N, 13.58. Found: C, 57.97; 

H, 4.86; N, 13.31. 
Horwitz et aL4 reported m.p. 165-166.5”, p.m.r. (methyl sulfoxide-d,) 6 1.8 

and 2.25. 
B. TO 3 (0.20 g), silver acetate (0.32 g) in dry “nanograde” acetonitrile (20 ml) 
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was added triethylamine (0.3 ml). The mixture was heated for 1.25 h under reflux 
with stirring. Examination by t.1.c. revealed two spots, 3 and 5, with 3 having slightly 
greater intensity. 

I-(2,3,5-Trideox)-~-~-glycerope~ztojirra~zosyl)?~zymine (4). - A mixture of 
1-(2,3,5-uideoxy-5-iodo-B_D-glycero-pent-Z-enofuranosyl)thymine (0.50 g). sodium 
acetate (O-50), and 5% palladium on charcoal (0.20 g) in ethanol (75 ml) was hydro- 
genated at 5 lb.in - 2 for 0.75 h at room temperature. The mixture was filtered through 
Celite. Silica gel was added to the filtrate, and the mixture was evaporated to give a 
dry, free-running powder. This material was added to a dry column (43 x 2.6 cm) of 
silica gel to give a column having dimensions 55 x2.6 cm. The column was eluted 
with chloroform and the first 300 ml of eluate were collected and evaporated to a 
syrup, which crystallized spontaneously. Trituration with warm heptane followed 
by cooling gave 0.24 g of white crystals, m-p. 144-145”. This material was dissolved 
in chloroform and the solution was treated with charcoal_ The syrup obtained on 
removal of solvent was crystallized from chloroform-heptane to give pure 4; 
m-p. 148-149”; ngti 267 (E 9,870), &,, pH11 267 nm (7,550); p.m.r. (methyl sulfoxide-d,) 
1.28 (3-proton doublet, J4.,5e 6.0 Hz, 5’-CH3), 1.85 (3-proton singlet, 5-CH,), 
1.50-2.40 (4-proton multiplet, H-2’ and -3’), 3.75-4.27 (l-proton multiplet, H-4’), 
5.80-6.10 (l-proton quartet, H-l’), 7.41 (l-proton doublet, J6+cH, 1.0 Hz, H-6), 
11.41 (l-proton singlet, NH). 

Anal. Calc. for C,,H,,N,O,: C, 57.13; H, 6.71; N, 13.33. Found: C, 57.06; 
H, 6.70; N, 13.27. 

Todd et aL6 reported data on impure 4. 
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Synthesis of D-arabinose from D-glycero-D-gdo-heptono-I.$-kxtone’ 

W~LLIAMC. GFLIFFITHS~, THEODORET. GALKOWSKI,RICHARD W. KOCON~, AND 
KATHUZEN M. &ARDON 

Department of Chemistry, Providence College, Providence, R-I. 02918 (U.S.A.) 

(Received October 16th, 1969; in revised form, November 24th, 1969) 

In the course of our studies involving the synthesis of some rare sugars, use was 
made of the selective cleavage of certain bonds by periodic acid in unsubstituted 
carbohydrates. It was reported in the synthesis of 4-C-(hydroxymethyl)-r.-xylurono- 
5,24actone from 2-C-(hydroxymethyl)-D-glucono-l&lactone that the side chain of 
an aldonolactone could be selectively cleaved by periodic acid, while maintaining 
the lactone ring intact’. Another example of this reaction was the production of 
r_-lyxurono-5,2-lactone from D-galactono-1,4-lactone’. 

Oxidation of D-g&ez-o-D-gztlo-heptono-1,44actone with one mole of periodic 
acid, however, yielded not the expected shorter-chained lactone, but D-arabinose in 
70% yield, evidently through selective cleavage of the C-2-C-3 bond. 

Examination of the structures of the three starting materials indicates that the 
course of the reaction is dependent upon the configuration of the hydroxyl groups in 
the lactone ring. In the first two examples, the only vicinal pair of hydroxyl groups in 
the ring is oriented trans, and is thus unfavorably situated for cleavage by periodic 
acid. Furthermore, in the case of 2-C-(hydroxymethyl)-D-glucono-l&lactone, one 
of the vicinal hydroxyl groups of the ring is tertiary. Apparently, cleavage on the side 
chain occurs faster than ring cleavage or ring opening (hydrolysis), and the product 
having an intact lactone ring is obtained. 

In the case of D-glyceru-D-gukz-heptono-l+lactone, however, there is a vicinal 
cis-diol in the ring, at C-2 and C-3. In this situation, cleavage in the ring is more 
favorable than side-chain cleavage, and D-arabinose is produced in good yield. The 
arabinose was identified by physical constants and by preparation of the tetraacetate 
and arabinitol as derivatives. 

General. - A11 evaporations and concentrations were done in a rotary evapo- 
rator under diminished pressure at 40” (bath). Melting points are uncorrected. 

*Dedicated to the memory of Professor M. L. Wolfrom. 
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D-Arabinose. - A solution of D-g&cero-D-g&o-heptono-1,4-lactone (50 g) in 
water (400 ml), in a low-actinic Erlenmeyer flask, was cooled to 0” in an ice-salt bath 
and a solution of periodic acid (50 g) in water (200 ml) was added dropwise with 

stirring over 30 min. The reaction mixture was kept overnight at 4”, and was passed 

over a column of Amberlite IR4B(OH-) (200 ml of wet resin) at 4”. Concentration 

to a syrup and crystallization from 95% ethanol gave D-arabinose (25 g, 70%) 
having m-p. and mixture m.p. 163-165”, [a]2,8 - 104” (24 h) (c 2.06, water) (lit3 m-p. 
160” and [a]? - 104.5”). 

Acetylation of the product gave 1,2,3,5-tetra-O-acetyl-D-arabicofuranose 

having m-p. 97-99” [litP m-p. 97”), and borohydride reduction gave D-arabinitol 
having m-p. 103-104” (lit? m-p. 102”). 
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Chemistry of rutin. Mass-spectral characterization of rutinose 
heptaacetate. 

JAMES H. LOOKER,MEHMET Sozhxis, SHARAD A. KAGAL, 

Department of Chemistry, The Uniuersity of Nebraska, Lincoln, Nebraska 58508 (U.S. A.) 

AND SEYMOUR MEYERSON 

Research and Development Department, American Oil Company, Whiting, Indiana 46394 (U. S. A.) 

(Received October 22nd, 1969; in revised form, November 28th, 1969) 

That rutinose and quercetin are hydrolysis products of rutin, either through 
enzymic’ or weakly acidic2 catalysis, has long been known. The synthesis of rutinose 
heptaacetate (1) from 2,3,4-tri-O-acetyl-L-rhamnopyranosyl bromide and 1,2,3,4- 
tetra-O-acetyl-B-D-glucopyranose, and subsequent deacetylation of 1, led to an 
assignment3 of the structure 6-O-(B-L-rhamnopyranosyl)-D-glucopyranose to rutinose. 
On the basis of periodate-oxidation studies”, the structure of rutinose was revised to 
6-O-(a-L-rhamnopyranosyl)-D-glucopyranose. Quite recently, a novel procedure for 
preparation of rutinose heptaacetate from rutin decaacetate has been described5. 

In the first report2 of hydrolysis of rutin in dilute acetic acid, rutinose hepta- 
acetate (1) was obtained in rather low yield by acetylation of the crude sugar fraction. 
By extending the period of hydroIysis and making other minor procedural modifica- 
tions, I can be obtained in nearly twice the yieId previousIy cited. In addition to 
customary analytical characterization, we have measured the mass spectrum of 1 
(m/e values in Experimental). 

The spectrum does not show a molecular-ion peak at 620. However, peaks are 
observed at m/e 561 and 560, as would be expected by loss of CH,CO, and CH,CO,H 
fragments, respectively, from an ion of mass 620. The peaks listed (Experimental) are 
generally of low relative intensity, but can be plausibly accounted for in terms of 
stepwise losses of CH,CO,, CH,C02H, and CH2C0 fragments. Such decomposition 
is known to be characteristic of acetic esters6 and, in particular, of sugar poly- 
acetates’. 

By far the strongest peak in the spectrum is that at m/e 43, attributed7 to 
CH3COC. Other prominent peaks can be accounted for by characteristic ether 
cleavages’ as shown by the broken lines in Fig. 1. Moreover, the two strongest 
peaks in the high-mass region, those at m/e 317 and 273, are the two strongest peaks in 
the entire spectrum when measurement is made at a lower ionizing potential. Smaller 
peaks occur at m/e 331,330 (from hydrogen migration, also characteristic of ethers)8c, 

*Dedicated to the memory of Professor M. L. Wolfrom. 
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and 289. Relatively strong peaks at m/e 257,215, and 213 can be shown by metastable 
peaks to arise by further breakdown of major primary products. 

2 08.4 t-n 1317+) -_(257+) + 60 

179.9 m C257+) -(215+) + 42 

166.2 m (273+, -_(213+1 i 60 

Fig. 1. Principal pathways for fragmentation of rutinose heptaacetate (1) in the mass spectrometer. 
Transitions corresponding to metastable peaks (m) are shown. 

In addition to peaks associated with rutinose heptaacetate, a series of peaks 
occur at m/e 534, 474, 445, 432, 415, 414, and 372. These may originate from an 
acetylated proanthocyanidin hydrate, a specific example of which would be a diaryl- 
glycerol derivative [C,,H1lO,(COCH,)J. The proanthocyanidin area has been 
reviewed by Freudenbergg. A proanthocyanidin hydrate could be a contaminant of 
rutin, despite purification of the rutin by recrystallization from water. In terms of the 
presently accepted structure3, a proanthocyanidin hydrate can not arise by hydrolysis 
of rutin under non-reductive conditions_ 

Presence of the rutinose moiety in rutin is clearly demonstrated by hydrolytic 
experiments’*‘, and more recently by syntheses of rutin in two different labora- 
tories”*“. Methylation of rutin has been investigated in the present work in an 
effort to achieve permethylation of this flavonol glycoside. The procedure employed 
involves partial methylation by interaction of rutin with methyl sulfate and aqueous 
alkali, and then repeated further methylation steps with methyl sulfate and dry 
sodium hydroxide in tetrahydrofuran. The initial methylation process is carried out 
in such a way that it is violently exothermic, and partial oxidative degradation may 
well occur. Furthermore, completely consistent results have not been realized. In 
several instances, especially when an additional p-phenylazobenzoylation (azoylation) 
step was introduced to remove partial methylation products, the procedure has given 
a colorless solid for which combustion and methoxyl analyses are in agreement with 
theory for a decamethyl ether of rutin. In other experiments, however, an unstable, 
crystalline, yellow product or yellow oils were obtained. 

Acidic hydrolysis of the colorless methylation product of rutin yields the 
known quercetin 3’,4’,5,7-tetramethyl ether and a methylated sugar fraction. Azoyla- 
tion and subsequent chromatographic purification of the azoylated sugars by the 
general procedure of Reich’ 2 and Coleman’ 3 gave a crystalline azoyl derivative 
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whose analysis and m-p. indicate that it is 1,6-di-0-azoyl-2,3,4-&i-O-methyl-~- 
glucopyranose. Thus, methylation and hydrolysis indicate that the D-glucose portion 
of the rutinose moiety in rutin, as well as in the isolated sugar rutinose, has the 
pyranoid ring structure. All attempts to detect 2,3,4-tri-O-methyl-L-rhamnopynose 
were unsuccessful. 

EXPERIMENTAL 

General. - Melting points were measured in capillary tubes and are uncor- 
rected. Mass spectra were measured with 70-volt and low-voltage (9.5 volts, nominal) 
electrons on a Consolidated Model 21-103 mass spectrometer, with the source and 
inlet at 250”. Microanalyses were determined by Alfred Bernhardt, Geller Labora- 
tories, and Micro-Tech Laboratories. 

Rutinose heptaacetate (1). - Rutin trihydrate (N-F. X, 10 g, recrystallized from 
water) was heated with 300 ml of 10% aqueous acetic acid for 12 h and the sugar frac- 
tion was isolated by the general procedure of Zemplbn’. The crude sugar was acetyl- 
ated with 20 ml of acetic anhydride and 4 g of anhydrous sodium acetate for 9 h at 
steam-bath temperature. The clear reaction mixture was poured into a iarge excess of 
water and kept overnight. Evaporation of the resulting mixture to dryness in vac-uo 
gave a residue which was washed several times with hot water. The residue then was 
extracted with chloroform; the chloroform extract was washed with water, dried, and 
evaporated to dryness. The resulting residue was treated with ether and nucleated with 
1, whereupon a colorless, crystalline product, m-p. 16%169”, was obtained. The oily 
residue from the ether treatment was dissolved in methanol and refrigerated to give 1 
as a colorless, crystalline solid; yield, 1.5 g, m.p. 168-169”. Analytically pure 1 was 
obtained by repeated recrystallization’from ether and drying in vacua for 24 h; m.p. 
169-170”, Iit3 m.p. 168.5-169”. 

Anal. Ckk. for Ci,Hi5Oie(COCH3)7: C, 50.36; H, 5.85; 0, 43.87; CH3C0, 
48.55; C (CH,), 19.38. Found: C, 50.86; H, 5.83; 0,43.28; CH,CO, 47.04; C (CH,), 
18.23. 

The mass spectrum showed peaks at m/e 561, 560,518, 501,500,459,458,441, 
399, 398, 381, 339, 338, 331, 330, 317, 297, 296, 289, 273, 257, 215, 213, and 43, 
attributed to rntinose heptaacetate, and at m/e 534, 474, 445,432, 415, 414, and 372, 
seemingly unrelated to the main series and attributed to an impurity. Peaks of m/e 
less than 213, except for the intense peak at 43, are not listed here. 

Methylation of rutin. - Rutin (3 g, purified by the Couch procedure14) was 
suspended in 20 ml of methyl sulfate. Aqueous alkali (9 g of sodium hydroxide 97% 
in 18 ml of water) was added all at once. A violent reaction occurred, which subsided 
after ca. one h. The reaction mixture then was treated with 70 ml of tetrahydrofuran. 
The organic phase was separated and treated twice with 7 ml of methyl sulfate and 
excess powdered sodium hydroxide. The mixture was heated for 2 h on a steam bath, 
filtered, and to the filtrate was added 7 ml of methyl sulfate and powdered sodium 
hydroxide_ The resulting mixture was kept overnight at room temperature. Iterative 
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treatment (2 to 3 times), with 7 ml of methyl sulfate and excess powdered sodium 
hydroxide, with the final mixture being kept for 3 days at room temperature and 
then being refluxed for one h, gave a tetrahydrofuran solution (dried over anhydrous 
magnesium sulfate) which was chromatographed on acidic alumina (Woelm). The 
column was developed with tetrahydrofuran or benzene and the total effluent was 
collected. Removal of the solvent gave a red oil (positive sulfur and Mg-HCl tests, 
negative FeCI,), which was treated with 30% aqueous sodium hydroxide and heated 
for 30 mm on a steam bath. The aqueous mixture was extracted with tetrahydrofuran, 
and the dried extract was cbromatographed on acidic alumina. Removal of the solvent 
from the total effluent gave a solid residue (negative Feel, and sulfur tests, positive 
Mg-HCL), m-p. ca. 55-66”. 

To remove partially methylated material, the solid product in 30 ml of dry 
pyridine was treated with excess p-phenylazobenzoyl (azoyl) chloride at room 
temperature overnight, with protection from atmospheric moisture. Water (10 ml) 
and excess sodium hydrogen carbonate were added, followed by acetone. The 
inorganic material thus precipitated was filtered off, the solvent was removed in 
uacuo from the filtrate, and the resulting residue was dissolved in chloroform. Excess 
azoyl chloride, azoic acid, and azoic anhydride were removed by chromatography of 
the solution on acidic alumina. The red chloroform effluent was evaporated and the 
residue was dissolved in ethanol. Addition of water caused precipitation of reddish, 
colloidal material. After the addition of charcoal, the mixture was filtered through a 
funnel at 60” (to avoid oxidation). The filtrate was extracted three times with chloro- 
form and the combined extracts were dried and evaporated. A solution of the residue 
in tetrabydrofuran was chromatographed on acidic alumina with retention of the 
total effluent. Removal of the solvent in uacuo gave the decamethyl ether of rutin as 
a solid, colorless, water-soluble residue (negative FeCI, , positive Mg-HCl tests), 
melting unsharply near 103”, with marked softening at 73”. 

Anal. Calc. for C,,H,eO,(OCHs), e : C,59.19;H,6.71;OCH,,41.33;C(CHX), 
2.00. Calc. for C,,H190,(OCH&: C, 58.69; H, 6.57; OCH,. 37.9; C (CH,). 2.04. 
Found: C, 58.91; H, 6.73; OCH,, 40.74; C (CH,), 1.82. 

HydroZysis of methylated rutin. - Methylated rutin (2 g, prepared as in the 
foregoing experiment in 30 ml of 95% ethanol and 50 ml of 6% hydrochloric acid 
was refluxed for 8 h. Water (50 ml) was added, and the resulting mixture was refrig- 
erated overnight. The precipitated quercetin 3’,4’,5,7_tetramethyl ether, m-p. 194”, 
lit. 1 5 m.p. 193-196”, was liltered off. The filtrate was neutralized with barium carbon- 
ate, excess barium carbonate was removed, and the solvent was removed in uacuo 
from the filtrate. The solid residue was extracted with tetrahydrofuran, and the extract 
was evaporated to give an oil. The latter was dried in a vacuum desiccator and 
azoylated by the procedure of Coleman l3 The azoyl derivatives were subjected to . 

two chromatographic steps. First, a chloroform solution was chromatographed on 
acidic alumina to remove azoyl chloride, azoic acid, and azoic anhydride. The effluent 
was then concentrated to 10 ml, and chromatographed on silicic acid (H,SiO, - H,O). 
Development with 3:l (v/v) petroleum ether-benzene gave a single, brightly colored 
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zone, which was removed mechanically. Elution with 3:l (v/v) chloroform-methanol 

gave the 1,6_bis(azoate) of 2,3,4tri- O-methyl-D-glucopyranose, m-p., after crystal- 
lization from 95% ethanol, 138.5-139” (lit-l6 m-p. 133”). 

Anal. Calc. for C,sH,,N,O,: C, 65.82; H, 5.37; N, 8.77. Found: C, 65.81; 

H, 5.28; N, 8.86. 
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Note 

Solid-state transition of 1,6-anhydro-b-D-glucopyranose’ 

F. SHARZADEH, G. D. MCGINNIS, C. W. PHILPOT, AND R. A. Susorr 

Wood Chemistry Laboratory *, Department of Chemistry and School of Forestry, University of 
Montana, Missoula, Montana 59801 (I/. S. A.) 

(Received August 29th, 1969; in revised form, December 15th, 1969) 

A program has been developed in this laboratory for investigation of the 
pyrolytic reactions of cellulosic materials and related model compounds. In the 
course of these investigations it has been found that the methods of thermal analysis, 
especially differential thermal analysis and scanning calorimetry, provide useful 
methods for investigation of the pyrolytic reactions of carbohydrate compounds’*’ 
as well as some of the physical changes that precede the pyrolytic reactions. 

Crystalline carbohydrates, when examined by differential thermal analysis, 
generally exhibit an endothermic peak corresponding to their melting point. 1,6- 
Anhydro-B-D-glucopyranose (levoglucosan) behaves quite differently by showing an 
endothermic peak at 113”, before it melts at 180”. As seen in Fig. 1, if the sample is 

I v 11 $1 8 11 11 I 

20 30 40 49 59 69 78 88 98 107 117 127 

Temcxraturel*CC) 

Fig. 1. Thermogram of 1,6-anhydro-p-o-glucopyranose indicating the solid-state transition on 
heating and its reversal on cooling. 

*Dedicated to the memory of Professor M. L. Wolfrom. 
*Established through a grant from the Hoemer-Waldorf Corporation of Montana. . 
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cooled after this transition and before melting, the process is reversed, with super- 
cooling (at about 50”). The reverse transition is very fast and gives a sharp exotherm. 
The enthalpy of the transition has been recorded (Fig. 2) by a differential scanning 
calorimeter and found to be 6 kcal.mole- ’ for the initial transition and 4.9 kcal.mole- ’ 
for the reverse transition. These values are much larger than the heat of fusion for 

105 110 115 120 125 1: 55 50 z 

EXC 

Coo(ing 

errnil 

Fig. 2. Measurement of the endothermic and exothermic transitions of 1,6-anhydro-@-gluco- 
pyranose by differential scanning calorimetry. 

levoglucosan, which was found to be 0.8 kcal.mole- ‘, although the latter value 
could not be obtained very accurately because of a slight decomposition at this 
temperature. 

The difference between the enthalpies of transition at 113” and the reversal at 
50” is an interesting and significant phenomenon. It means that within the temperature 
range of the supercooling (50-l 13”), the two forms of levoglucosan have different heat 
capacities. In other words, the pre-transition form (levoglucosan II) gains less energy 
on heating than the post-transition form (levoglucosan I) loses on cooling within 
the same temperature range, as shown in de following scheme: 

Levoglucosan II X kcal. mole- 1 
l Levoglucosan II 

at 50” at 113” 

7 -4.9 kcal.mole-l J 6 kcal.moIe-l 

Levoglucosan I f 
--(X+l.l)kcnl.moIe-: 

Levoglucosan I 
at 50” at 113” 

Actual measurement of de heat capacity of de two forms, and the relation 
of heat capacity to molecular structure and motion will be discussed in another 
communication. 
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It should be noted here that recently some changes in the i.r. spectra of sugars 
with temperature has been reported by different group~~-~. These changes, which 
take place at Iower temperatures (in the solid state), show different characteristics 
from the sharp and highly endothermic transition of levoglucosan. The difference 
between the two types of transformations has been established by a combination of 
i.r. spectroscopy and thermal analytic methods and will be reported in the following 
communication. 

EXPERIMJZNTAL 

Dytzamic thermal analysis. - The differential thermal analysis was obtained 
with a DuPont 900 thermal analyzer, programmed at the rate of 5 degreesmin- *. 
The experiments were conducted in a nitrogen atmosphere with silica beads as the 
reference and 20 mg of powdered 1,6-anhydro-/I-D-glucopyranose as the sample. 

The differential-scanning calorimetric data were obtained with a Perkin-Elmer 
DSC-IB calorimeter, programmed at the rate of 5 degreesmin- I, in a nitrogen 
atmosphere. The sample consisted of 7 mg of powdered 1,6-anhydro-p-o-gluco- 
pyranose. The system was calibrated against the heat of fusion of indium at 156.4”, 
AH,,, = 6.75 cal.g- ‘. 
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Note 

Formation of 6-deoxy-L-gulonolactone from e-glucofuranurono-6.3- 
lactone’ 

T. T. GALKOWSKI, R. W. KOCON~, AND W. C. GRIFFITHS~ 

Department of Chemistry, Providence College, Providence, Rhode Island 02918 (U. S. A.) 

(Received October 16th, 1969; in revised form, December 22nd. 1969) 

The published synthesis’ of 6-deoxy-L-gulonolactone (1) is long and the product 
is not well characterized. We here report preparation of 1 in three steps starting with 
D-glucofuranurono-6,3-lactone (2); the key step involves reduction of a p-tolyl- 
sulfonylhydrazone to a methyl group, by the reaction described by Caglioti and 
Grasselli’ and used in the sugar field by deBelder and Weige13. 

D-Glucuronamide4 (3) was refluxed with p-tolylsulfonylhydrazine to yield 
crystalline D-glucuronamide p-tolylsulfonylhydrazone (4). Borohydride reduction of 
4 yielded 6-deoxy-L-gulonolactone (1) instead of the expected amide. Presumably 
during the workup the amide was hydrolyzed’ to the ammonium salt and subsequent 
deionization and concentration of the effluents in uucuo yielded the crystalline lactone. 

The p-tolylsulfonylhydrazone of 2 was prepared as a possible precursor of 4, 
but suitable conditions for the conversion into 4 were not established. 

This appears to be the first application of the tosylhydrazone-borohydride 
method for reduction to methyl in the uranic acid series. We believe it can be of 

general synthetic utility in producing 6-deoxy sugars from hexuronic acids. 

EXPERMNTAL 

General. - Microanalyses were performed by Weiler and Strauss Micro- 
analytical Labs, Oxford, England. Melting points are uncorrected. All evaporations 
and concentrations were done in a rotary evaporator under diminished pressure at 40” 
(bath). 

D-Ghrcuronolactone p-tolyfsulfonyZhydrazone. - A solution of 2 (1.0 g) and 
p-tolylsulfonylhydrazine (1.07 g) in 76% ethanol (25 ml) was brought to boiling on a 
steam bath. Upon cooling and concentration in uucuo to 10 ml, crystallization took 
place depositing 1.9 g (97%) of D-&CUrOnOlaCtOI’Ie p-tolylsulfonylhydrazone; m.p. 
117-123” after three recrystallizations from abs. ethanol, [a]‘, + 3.57 (5 min)-+ + 1.39” 

*Dedicated to the memory of Professor M. L. Wolfrom. 
*resent address: Department of Chemistry, Rhode Island Junior College, Providence, Rhode Island. 
SPresent address: Department of Pathology, Rhode Island Hospital, Providence, Rhode Island. 

Curbohyd. Res., 13 (1970) 187-188 



188 NOTE 

(24 h) (c 1.58, pyridine); A,,, N”jo’ 3470-3290 (OH, NH), 1775 (lactone), 1605 @- 
substituted aryl). 

Anal. Calc. for C13H16N20,S: C, 45.35; H, 4.65; N, 8.14. Found: C, 45.34; 
H, 4.68; N, 8.19. 

D-Gkuronamide p-toIyZsulfonyZhydrazone (4). - A solution of p-tolylsulfonyl- 
hydrazine (10.0 g) and 3 (10.0 g) in 76% ethanol (100 ml) was reffuxed for 45 min. 
After 2 h at 3”, a crystalline mass (15.38 g, 78%) of 4 appeared; m-p. 134135” after 3 
recrystallizations from 95% ethanol; [a]h’j -24.3” (c 3.84, pyridine); IF=?’ 3410-3200 
(OH, NH), 1690-1632 (amide), 1600 (p-substituted aryl). 

Anal. Calc. for CIJH18N307S: C, 43.34; H, 5.00; N, 11.65. Found: C, 43.10; 
H, 5.28 ; N, 11.45. 

6-Deoxy-L-guZonoZactone (1). - A solution of 4 (850 mg) and potassium boro- 
hydride (1.5 g) in anhydrous methanol (30 ml) was refluxed for 16 h. Ethyl acetate 
was added and the solution was refluxed for 30 min more. The cooled reaction 
mixture was then passed over Dowex-SOW X8 @I+) (100 ml of wet resin prepared with 
methanol) and then the column was washed with methanol (200 ml). The effluents 
were concentrated in uacuo, and a water solution of the residue was decolorized with 
carbon and then continually extracted with ether for 48 h. The aqueous layer was 
concentrated in D~CUO, depositing crystals (31.2mg, 8.5%) of 1; m-p. 184-185.5” 
after 3 recrystallizations from abs. ethanol; [a]g4 +29.9” (c 1.12, water); ,?“,“.‘I”’ 3360 
(OH), 1750 (lactone); n.m.r. (60 MHz, DzO) 6 I_ 18 (3-proton doublet, J5,6 6 Hz. 
methyl), 4.3 (4proton unsymmetrical multiplet, H-2,3,4,5). 

Anal. Calc. for CsH, c05: C, 44.46; H, 6.17. Found: C, 44.61; H, 6.04. 
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Preliminary communication 

An improved synthesis of 4-deoxy-4-fluoroa -glucose 

A. D. BARFORD, A. B. FOSTER*, and J. H. WESTWOOD 

Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, Fulham Road, 
London S. W. 3 (Great Britain) 

(Received December lSth, 1969) 

4-Deoxy-4-fluoro-D -glucose has been synthesised by reaction sequences the key 
stages of which involve the action of (1) potassium hydrogen fluoride-ethane- 1,2-diol on 
1,6-anhydro-4-O-toluene-p-sulphonyl-P-D -glucopyranose’ and (2) tetrabutylammonium 
fluoride-acetonitrile on methyl 4-U-mesyl-2,3-di-0-methyl-6-O-trityl-ar-Dgalacto- 
pyranoside2. For various reasons neither synthesis is convenient for the preparation of 
Qdeoxy-4-fluoro-D-glucose on a scale adequate to permit a thorough biological evaluation. 
We now describe a route that meets this requirement. 

1,6:3,4-Dianhydro-2-0-toluene-p-sulphonyl-D-galactose3 [ 1, m.p. 145--147.S0, 
[CY] D -42” (chloroform)] is readily obtained (48% overall yield) from 1,6-anhydro-P-D - 
glucopyranose by conversion into the 2,4-ditoluene-psulphonate followed by treatment 
with sodium methoxide in methanol-chloroform. Irradiation4 (qua& vessel, 450 watt 
medium-pressure Hg lamp, 3 h, -35O) of a 0.3% methanolic solution of 1 containing an 
equimolar amount of sodium methoxide, followed by concentration and elution of the 
residue frbm Kieselgel (Merck, 7734) with light petroleum (b.p. 40-60”)-ether (1:4) gave 
80% of 1,6:3,4-dianhydro-D-galactose5 (2), b.p. 130” (bath)/0.35 mm, m-p. 69-71” (from 
ether-light petroleum), [cu] D -76” (water). Treatment of 2 with pyridine-toluene-p- 
sulphonyl chloride regenerated 1 (68%). 

A solution of 2 (0.5 g) in ethylene glycol(5 ml) containing potassium hydrogen 
fluoride (1.25 g) was boiled for 1 h and then neutralised with aqueous sodium hydrogen 
carbonate. Concentration in vacua, and elution of the residue from Kieselgel (Merck, 7734) 
with chloroform-methanol (25: 1) gave 1,6-anhydro4deoxy-4fluoro-D-glucose’ (3,65%), 
m.p. and mixed m.p. 120-122°, [a] D -53” (water). The epoxide 2 has been postulated 

*Fellow of the RockeFeKer Foundation, 1953-54, working with Professor M. L. Wolfrom at the Ohio 
State University. 
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as an intermediate in the conversion’ of 1,6-anhydro4U-toluene-p_sulphonylDglucose 
into 3 on treatment with potassium hydrogen fluoride-boiling ethylene glycol. A satisfac- 
tory chemical method for effecting the conversion 1 + 2 has not been found. 

The acid-catalysed conversion of 3 into 4deoxy4fluoroDglucose, which proceeds 
in high yield, has been reported elsewhere’. 

The above synthesis of 4-deoxy4fluoro+ghrcose from 1,6-anhydro-P_Dgluco- 
pyranose involves 5 stages and an overall yield of 14%, which undoubtedly can be improved 
upon. 

The ready availability of the dianhydride 2 by the above route offers a convenient 
approach to 4substituted derivatives and 2-ethers of D-ghCOSe. 
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PREPARATION OF 1,3,6,2’.3’,4’,6’-HEPTA-O-ACETYL-P-MALTOSE 

B. H. KOEPPEN 

Department of Food Science, Unirersitv of Stellenbosch (South Africa) 

(Received August ISth, 1969) 

ABSTRACT 

A synthesis of the title compound (2, 15.5%) from octa-U-acetyl-P-maltose 
z&z hexa-0-acetyl-2-0-trichloroacetyl-Smaltosyl chloride (1) is described. No 
intermediate compounds were isolated. Compound 2 could be readily distinguished 
from the anomerically unsubstituted /?-heptaacetate which is the main product formed 
from hepta-0-acetyl-z-maltosyl bromide under conditions which result in acetyl 
migration from C-2 to C-l on hydrolysis of the acetylated glycosyl bromides of 
D-glucose and cellobiose. 

INTRODUCTION 

Of the various hepta-0-acetylmaitoses, the P-anomeric forms of those in which 
the unsubstituted hydroxyl group is at C-l (ref. 1. 2), C-3 (ref. 3), C-6 (ref. 4, 5), and 
C-6’ (ref. 5, 6) are known. Neither the LX- nor the /I-heptaacetate having the free 
hydroxyl group at C-2 appears to have been described, although unsuccessful 
attempts at synthesis have been noted’ (cf. ref. 8). The formation of hexa-0-acetyl-2- 
0-trichloroacetyl-/I-maltosyl chloride9 (1) from the reaction of phosphorus penta- 
chloride and octa-0-acetyl-P-maltose suggested that I ,3,6,2’,3’,4’,6’-hepta-O- 
acetyl-/)-maltose (2) might be accessible via a reaction sequence analogous to that 
employed for the preparation of 1,3,4,6-tetra-O-acetyl-~-D-glucopyranose’”~’ ‘. 

DISCUSSION 

The efficiency of the method described “*I ’ for the preparation of 1,3,4,6-tetra- 
O-acetyl-/I-D-glucopyranose from D-glucose depends largely on the yield of the 
intermediate 3,4,6-tri-O-acetyl-2-O-trichloroacetyl-P-D-glucopyranosyl chloride, and 
this is variable ‘l-l3 (30-6~5~~). T 1 . .c. indicated the formation of only one major 
product in the reaction of /I-maltose octaacetate with phosphorus pentachloride, 
which previous experience9 suggested might be an unresolved anomeric mixture. 
Since both anomers would be of equal value in the proposed synthesis, the next stage 

was carried out without attempting to isolate any intermediate compound. 
Selective ammonolysis removed the trichloroacetyl group to yield an anomeric 
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mixture of the 3,6,2’,3’,4’,6’-hexa- 0-acetylmaltosyl chlorides, dissolution of which 
in anhydrous acetone resulted in rapid conversion of the &chloride into the more 
stable cr-anomer (cf- the isomerization of 3,4,6-tri-0-acetyl-j3-D-glucopyranosyl 
chloride”). On prolonged (more than 3 days at room temperature) solution in 
acetone, the maltosyl chloride underwent significant conversion into 3,6,2’,3’,4’,6’- 
hexa-0-acetylmaltose (3), despite stringent precautions to ensure anhydrous con- 
ditions. Examination of the acetone-soluble material by t.1.c. indicated that it consisted 
largely of a single component, although numerous other constituents were also 
present in low concentration. Since attempts to crystallize the crude hexa-O-acetyl-a- 
maltosyl chloride failed and attempts to purify it by t.1.c. resulted in almost complete 
hydrolysis to 3, it was treated directly with mercuric acetate in acetic acid to yield the 
title compound (2) which was obtained crystalline after purification by t.1.c. 

Initial yields of 2 were very low, and 2,3,6,2’,3’,4’,6’-hepta-0-acetyl-/Lmaltose 
(4), formed by hydrolysis of residual acetylated glycosyl chloride12*14, was a con- 
taminant. Compounds 2 and 4 were inseparable by t.l.c., and it was therefore necessary 
to prevent the occurrence of 4 in the final reaction mixture. Extension (to ca. 2 h) of 
the reaction time9 for the preparation of 1 resulted in a more complete chlorination 
of the 2-O-acetyl group, and conditions favouring hydrolysis during subsequent 
stages were eliminated as far as possible. 

In the procedure described, the over-all yield of the heptaacetate 2 from 
&maltose octaacetate was 15.5%. The purified product 2 could be readily distin- 
guished from the anomerically unsubstituted P-heptaacetate (4), despite the chromato- 
graphic similarity of the two compounds, and mixed melting points were considerably 
depressed. 

Acetylation of 2 in pyridine-acetic anhydride yielded only octa-0-acetyl-j3- 
maltose, whereas the a-anomer could also be detected by t.1.c. when 4 was acetylated 
under the same conditions. 

Reaction with methanesulphonyl chloride in pyridine has been used exten- 
sively 7*8B1 s to distinguish between sugar derivatives in which only alcoholic hydroxyl 
groups are free, and those in which the anomeric hydroxyl group is unsubstituted. 
Thus 2 gave 65% of hepta-0-acetyl-2-0-methanesulphonyl-JLmaltose (5), whereas 
4 underwent partial conversion into hepta-0-acetyl-a-maltosyl chloride. From the 
hexaacetate 3, hexa-0-ace@-2-0-methanesulphonyl-omaltosyl chloride (6) was 
obtained in moderate yield, and converted into 5 by treatment with mercuric acetate 
in acetic acid. 

In the n.m.r. spectrum of 2 in chloroform-d, the anomeric proton resonated as a 
low-field doublet (z 4.32, J1,2 7.5 Hz). This is in excellent agreement with the values 
reported3 for the corresponding protons in 1,2,6,2’,3’,4’,6’-hepta-0-acetyl+maltose 
and in octa-O-acetyl-/3-maltose (z 4.36 and 4.25, respectively, Jl,z 8 Hz). Ey contrast, 
H-l in 4 appeared further upfield among the other skeletal protons, and could not be 
clearly differentiated. Neither compound exhibited signals at the resonance of ‘t 7.82 
reported for axial 0-acetyl groups’ 6, and in each case, seven acetyl groups were 
accounted for by the signals between 7 7.88 and 8.01. 
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Compound 2 failed to mutarotate in chloroform solution, even after addition of 
diethylamine. Under the same conditions, 1,3,4,6-tetra-O-acetyl-P-D-glucopyranose 
also failed to mutarotate, but the cr-anomer exhibited significant downward mutarota- 
tion when diethylamine was added. This phenomenon, which has also been observed 
in aqueous pyridine and in acetic acid solution, has been ascribed to acetyl migration 
from C-l to C-2 via an intermediate orthoester form, and anomerization of the 
resultant 2,3,4,6-tetra-O-acetyl isomers*16*17. Alth ough formation of the intelmediate 
orthoester would appear possible with almost equal ease from both anomeric forms 
of such D-glucopyranose l-acetate derivatives, assuming them to possess the C~(D) 
conformation”, rearrangement may occur more readily in the case of the cc-~ anomer 
in which the C-l acetoxyl group is in the less stable, axial orientation. It appears that 
this is the case7*8g16g17, although, under rather different conditions, acetyl migration 
has also been encountered on methylation of 1,3,4,6-tetra-U-acetyl-&D-gluco- 
pyranose”. 

The use of compound 2 for the synthesis of centose I9 and related trisaccharides 
will be described elsewhere. 

Experiments in this laboratory have confirmed that conditions which lead to 
acetyl migration from C-2 to C-l on hydrolysis of the acetylated glycosyl bromides 
of D-glucose’ and cellobiose7 do not yield the same result in the case of hepta-O- 
acetyl-or-maltosyl bromide, and that the product was originally identified correctly’ as 
the anomerically unsubstituted &heptaacetate’ (4). 

Methanol-benzene mixtures have been widely employed for the separation of 
carbohydrate acetates by t.1.c. on Silica Gel G, but suffer from the disadvantage that 
daily replacement of the solvent is necessary because of gradual depletion of the 
methanol content by adsorption onto the silicic acid 2o In the present work, acetone- . 

benzene mixtures have given consistently more reliable results. Not only have the 
polarities of the mixtures remained practically unchanged over long periods of use, 
but the separation of many anomeric mixtures has proved possible without recourse 
to multiple-development techniques. 

JzxPERlhENTAL 

General. - Melting points were determined by the Kofler method, and are 
uncorrected. Mixed m.p.‘s were made on the crystalline residue remaining after 
dissolving equal weights of both compounds in acetone, and removing the solvent 
under vacuum. Thin-layer chromatography (t.1.c.) was performed on Merck Kieselgel 
G, using acetone-benzene mixtures, and sulphuric acid as spray reagent; for prepara- 
tive work, zones were visuahzed with water”, and components were eluted with 
acetone. 1.r. spectra were recorded on a Beckman IR-9 spectrophotometer by the 
potassium bromide disc method; band intensities are indicated: m, moderate; s, 
strong; w, weak. N.m.r. spectra were measured on a Varian HA&OIL spectrometer 
with chloroform-d as solvent, and tetramethylsilane as internal standard. The 
anomeric 1,3,4,6-tetra-0-acetyl-D-glucopyranosesl’ and 2,3,6,2’,3’,4’,6’-hepta-O- 
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acetyl-/3-maltose ’ (4) were prepared by literature methods. Octa-0-acetyl-/I-maltose* ’ 
was recrystallized directly from ethanol, and had m-p. 158-159”. 

1,3,6,2’,3’,4’,6’-Hepta-0-acetyl-jhdtose (2). - Octa-0-acetyl-/Smaltose 
(8.5 g) and phosphorus pentachloride (14 g) were heated under reflux at 105”. Vigorous 
evolution of hydrogen chloride ceased after ca. 45 min, and, after 2 h, t.1.c. [8% (v/v) 
acetone in benzene] revealed only one major reaction product which was very slightly 
more mobile than, but inseparable from, penta-0-acetyl-B-D-glucopyranose. Only a 
trace of hepta-0-acetyl-a-maltosyl chloride, and no residual octa-O-acetyl-&maltose 
could be detected_ The reaction mixture was distilled in vacua at 40”, and the residue 
was dissolved in chloroform (80 ml) and washed with iced water (2 x 30 ml), saturated, 
aqueous sodium hydrogen carbonate (30 ml), and water (30 ml). The neutral solution 
was filtered through anhydrous sodium sulphate, and evaporated to dryness at 3.0”. 
The residue was dissolved in sodium-dried ether (15 ml), and added to an ammonia- 
saturated solution of anhydrous ether (300 ml) at 0”. After 30 min at room tempera- 
ture, the solution was filtered, and evaporated to dryness at 20”, and the residue 
(9.6 g) was dissolved in anhydrous acetone. Examination of the solution by t.1.c. 
[30% (v/v) acetone in benzene] revealed the main constituent to be slightly more 
mobile than, but only partially separable from, the anomerically unsubstituted hepta- 
0-acetyl+maltose r** (4). After 2 h, the solvent was evaporated, and the residue 
(9.6 g) was treated with a solution of mercuric acetate (10 g) in glacial acetic acid 
(110 ml) for 4 h at room temperature. The solution was diluted with chloroform 
(175 ml), washed with water (4 x 50 ml), and evaporated to dryness. The heptaacetate 
2 was isolated from the residue by t.1.c. [60 plates, 30% (v/v) acetone in benzene], and 
crystallized from ethanol to give material (1.24 g, i 5.5% yield) which after 2 recrystal- 
lizations, had m-p. 166.5-168.5” (depressed to below 140” on admixture with 4), 
[a];’ t86.7” (c 2.6, chloroform), unchanged 24 h after addition of diethylamine 
(1 drop) to the chloroform solution (1 ml)_ (On similar treatment, 1,3,4,6-tetra-O- 
acetyl-B-D-glucopyranose, [a]g + 25.6” (c 2.5, chIoroform), was unaffected, whereas 
the a-anomer, [a];’ + 140.8” (c 2.5, chloroform), underwent rapid, downward 
mutarotation to + 88.8” (constant value, 30 min)); viii 3465m, 1752s, 1645w, 1435m, 
1373s, 124Os, 1130m, 108Os, 1045s, 985w, 945w, glow, 895w, 878w, 78Ow, 605m cm- ’ ; 
n.m.r. data: z 4.32 (doublet, J1,* 7.5 Hz, H-l); 4.52-6.53 (multiplets, 13 protons); 
6.81 (broad singlet, HO-2); 7.88,7.92,8.00 (singlets, 21 protons, seven acetyl groups). 

Anal. Calc. for CZ6HX6018: C, 49.1; H, 5.7; acetyl, 47.3. Found: C, 48.9; H, 5.7; 
acetyl, 46.2. 

Derivatives of 2. -With acetic anhydride-pyridine, in the usual manner, 2 gave 
octa-0-acetyl+maltose, m-p. (and mixed m.p.) 158-159” (from ethanol). The 
p-octaacetate was the only product detected in the mother liquor by t.1.c. [12% (v/v) 
acetone in benzene], whereas when 4 was similarly acetylated, the presence of a 
slightly less mobile component, corresponding to the or-anomer, was also observed. 

With methanesulphonyl chloride-pyridine, in the usual manner, 2 gave the 
2-methanesulphonate 5 (0.11 g, 65.3%), m-p. 165-166” (from ethanol), [a]k7 +66.9” 
(c 2.18, chloroform). 
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Anal. Calc. for C2,H3s02eS: C, 45.4; H, 5.3; S, 4.5. Found: C, 45.0; H, 5.5; 
s, 4.4. 

Attempted nzethaneszdphonylation of 4. - Compound 4 (I .O g) was added to a 
mixture of pyridine (5 ml) and methanesulphonyl chloride (0.8 ml) at -20”. After 
stirring for 30 min, the mixture was kept for 60 h at 5”, diluted with chloroform 
(100 ml), and then processed, in the usual manner, to give a residue consisting mainly 
of 4 and a product which was isolated by t.1.c. [lo plates, 25% (v/v) acetone in 
benzene] and crystallized from ethanol. The product (86 mg, 8.4%) had m.p. 123-124” 
alone and in admixture with authentic hepta-O-acetyl-a-maltosyl chloride22. The 
identity of the two compounds was further supported by [aID, i.r., n.m.r., and t.1.c. 
data. 

3,6,2’,3’,4’,6’-WO-acetylmaltose (3). - In a second experiment, on half the 
scale described for the preparation of 2, an attempt was made to purify the inter- 
mediate 3,6,2’,3’,4’,6’-hexa-O-acetyl-a-maltosyl chloride by t.1.c. [31 plates, 30% 
(v/v) acetone in benzene]. However, examination (t.1.c.) of the eluted material 
revealed it to have undergone almost complete hydroIysis. Crystallization from 
ethanol yielded 3 (0.74 g, 19.9%), which, after several recrystallizations, had constant 
m.p. 155-157”, [a];’ + 116“ (7 min, unchanged after 24 h; c 2.36, chloroform). 
However, t.1.c. [45% (v/v) acetone in benzeneJ resolved it into two closely moving 
components, the less mobile of which was the main constituent (a-anomer?). It 
appears either that the crystalline 3 is a mixture of both anomers in a constant pro- 
portion, or that anomerization occurs so rapidly in solution that no mutarotation 
could be detected. 

Anal. Calc. for C,,H,,O I, : C, 48.5; H, 5.7; acetyl, 43.4. Found: C, 48.0; H, 5.6; 
acetyl, 42.6. 

3,6,2’,3’,4’,6’-Hexa-O-acetyI-2-O-methaneszz~hony~-a-maltosy~ cizloride (6). - 

Compound 3 (0.4 g) was treated with pyridine (2 ml) and methanesulphonyl chloride 
(0.3 ml), and the product was isolated by t.1.c. (4 plates) as described for the attempted 
methanesulphonylation of 4. Crystallization from ethanol afforded 6 (0.153 g, 3 1 X), 
m-p. 160-162”, [a]k7 + 148.3” (c 1.77, chloroform); n.m.r. data: z 3.85 (doublet, J1,2 
4 Hz, H-l); 4.28-6.16 (multiplets, 13 protons); 6.95 (singlet, 3 protons, MeSOz); 
7.87, 7.91, 7.95, 8.00, 8.01 (singlets, 18 protons, six acetyl groups). 

Azzal. Calc. for C27H37C1019S: C, 44.2; Cl, 4.8; H, 5.0; S, 4.4. Found: C, 44.0; 
Cl, 4.5; H, 5.1; S, 4.7. 

Conversion of 6 into 5. - Compound 6 (0.1 g) was dissolved in a solution of 
mercuric acetate (0.1 g) in glacial acetic acid (2 ml). After 2 h at room temperature, 
the solution was diluted with chloroform (25 ml), extracted with water (3 x 10 ml), 
and evaporated to dryness. Crystallization of the residue from ethanol afforded 
needles (76 mg, 78.0%), identical with 5 by m.p., mixed m-p., [a],,, i.r., n.m.r., and 
t.1.c. data. 
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NITROGEN-CONTAINING DERIVATIVES 
PART XXII*. PERIODATE OXIDATION OF METHYL, AMINO-4,6-O-BENZYLIDENE-DEOXY-a- 
D-ALTROPYRANOSIDES 

C. B. BARLOW AND R. D. Gu-rmu~* 

School of Molecular Sciences, University of Sussex, Brighton BNI 9QJ (Great Brituin) 

(Received September Sth, 1969) 

ABSTRACT 

It has been shown that methyl 2-amine-4,6-O-benzylidene-2-deoxy-a-D- 

altroside and its 3-amino-3-deoxy isomer are slowly oxidised by periodate in aqueous 
solution. The reaction, which followed second-order kinetics only up to the consump- 
tion of 0.6 mole of oxidant per mole, was accompanied by over-oxidation. 

INTRODUCTION 

In Part XXI, we described1 the oxidation of methyl amine-4,6-O-benzylidene- 

deoxy-a-D-glycosides having the allo, ghco, and manno configurations, with the amino 
group in the 2- and in the 3-positions. It was shown that all six compounds followed 
the expected, second-order, kinetic pattern, and one molecular proportion of periodate 
was consumed. 

In this paper, we discuss the oxidation of the remaining two compounds that 
complete the above series, namely, methyl 2-amine-4,6-O-benzylidene-2-deoxy-a-D- 
altroside (1) and its 3-amino-3-deoxy isomer (2). Both compounds, which have the 
reactive groups in axial positions, were prepared by established methods2. The 
methods used to study the oxidation were precisely those used previously’, and details 
of the experimental conditions and procedures will not be repeated here. 

Honeyman and Shaw3 showed that the corresponding dio13 was unaffected by 
periodate, whereas compound 2 was slowly oxidised. 

’ R’= NH2: ;I”,“,, 
2 R’= OH 

3 R’= R’= OH 

DISCUSSION 

Because the oxidations of the two altrosides were very slow, oxidations were 
carried out at 25” at pH 6.87 ir+a phosphate buffer; this pH was used as the oxidation ‘ 

*Part XXI: Ref. 1. 
~To whom enquiries should be addressed. 
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was too slow at lower pH values. The second-order rate equation was obeyed only 
over the region of oxidant consumption from O-O.6 mole/mole; an increase in rate 
was observed after this period; the rate constants were calculated for this limited 
range, and are given in Table I. Both the aminoaltrosides were extensively over- 
oxidised at appreciable rates (see, for example, Fig. I). The products of the oxidations 
were the dialdehyde dihydrate4 (4) and ammonia. Ammonia was shown not to react 
with periodate under these conditions. Honeyman and Shaw3 made no comment 
about over-oxidation, nor on the degree that the second-order rate equation was 
obeyed, stating only that compound 2 “consumed one mole of periodate in about 
20 h”. They isolated compound 4 after oxidation. 

TABLE I 

EXPERWJZNTAL (f$)= AND TRUE (&)” SECOND-ORDER RATE CONSTANTS (L.MOL?Z-l.SEC-l) FOR PERIODATE 

OXIDATION AT 25” AT pH 6.87 IN PHOSPHATE BIJFFFR OVER THE RANGE 0 TO 0.6 MOLE/MOLE UPTAKE 

Methyl 4,6-0-benzylideneu-D-alrroside 103 Ki 103 Ks 

2-amino-2-deoxy 2.06 0.367 
3-amino-3-deoxy 2.15* 3.920 

%ee ref. I. bHoneyman and Shawl reported a value of 2.11 at pH 6.93 and 25”. 

2.76 m 

I 
I 

I 
672 h 

__t 

Time (II) 

Fig. 1. Over-oxidation studies on methyl 4,6U-benzylidenea-n-glucoside (b in phosphate buffer 
(pH 6.91) at 25O, and methyl 3-amino-4,6-O-benzylidene-3-deoxy-z-y-a-D-altroside at 25” in (0) arsenate 
buffer, pH 7.13; (0) phosphate buffer, pH 6.91: and (E) #?,B’-dimethylglutaric acid-sodium 
hydroxide buffer, pH 7.35. 

In order to determine whether this anomalous behaviour was attributable to the 
buffer system, or to the ammo sugars, a more-detailed study was carried out. This 
showed that deviations from second-order kinetics also occurred for the oxidation of 
the 3-amino-altroside in phosphate, arsenate, and /3,B’-dimethylglutaric acid buffers. 
In contrast, the oxidation of methyl 3-amino-4,6-0-benzylidene-3-deoxy-cx-D-alloside 
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alternative mechanism to that of the periodate oxidation of the six “normal” amino 
sugars is operative for the aminoaltrosides. Methyl 45U-benzylidene-3-deoxy-3- 
methylamino-@z-D-akroside has recently been shown to behave in a similar manner on 
treatment with periodate6, with over-oxidation and deviation from the second-order 
rate equation. 
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SYNTHESIS OF 3-AMINO-2,3-DIDEQXYTETROSE DERIVATIVES 

S. DAVID AND A. VEYR&RE.S 
Laboratoire de Chimie des Compost% Biologiques, Fact&P des Sciences, 91 Orsay (France) 

(Received July 25th, 1969; in revised form, September 15th, 1969) 

Ethyl 2-amino-4,~diethoxybutyrate (2) was prepared from ethyl malonate. In 
an alternative route, methyl 2-amino-4,Pdimethoxybutyrate (5) was prepared from DL- 

aspartic acid. Reduction of 5 with lithium aluminium hydride yielded 3-amino-P 
hydroxybutyraldehyde dimethyl acetal (6)’ from which the N-acetyl derivative 7 and 
the diethyl dithioacetal9 could be prepared. Acid hydrolysis of the (S)-isomer 7’ of 
compound 7, prepared from L-aspartic acid, yielded the crystalline 3-acetamido-2,3- 
dideoxy-D-tetrose (10'). 

INTRODUCTION 

The synthesis of 2-amino-2-deoxy-DL-glyceraIdehyde and several of its 
derivatives by the acid hydrolysis of the corresponding acetals has been described 
previously’. This procedure has now been extended to the synthesis of derivatives of 
3-amino4hydroxybutyraldehyde, a 3-amino-2,3dideoxytetrose. The only free amino- 
deoxytetroses previously described are 2-amino-2-deoxy-D-those’, 2-amino-2- 
deoxy-D-erythrose’, and 2-amino-3,3-dimethy14hydroxybutyraldehyde3, the furan- 
oid form of which has been es’ablished. 

RESULT§ AND DISCUSION 

An ester acetal of L-aspart4aldehydic acid was required for the synthesis of 
3-amino4hydroxybutyraldehyde. It was obtained either as a DL mixture from ethyl 
malonate or, more conveniently, in higher overall yield from r.-aspartic acid. 

Ethyl 2-allyl-2-formamidomalonate4 was treated with one equivalent of cold 
alkali to give the acid ester which was decarboxylated at 120-130” to ethyl 2-form- 
amido4pentenoate (1) in 69% overall yield. Oxidation of 1 with osmium tetroxide and 
sodium metaperiodate’ yielded the ethyl ester of (+)-N-formylaspart4aldehydic 
acid as a syrup which failed to give a crystalline derivative. Treatment of the syrupy 
aldehyde with ethanol&z hydrogen chloride removed the formyl protecting group and 
Horded syrupy ethyl 2-amino+kiiethoxybutyrate (2), in 22% yield from 1, which 
was characterized as its picrate. A crystalline dioxopiperazine 3 was isolated from the 
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residue after distillation. 2-Amino-4,Pdiethoxybutyric acid (4), a new amino acid, 
wzs obtained by the alkaline hydrolysis of 2. 

HzC=CH-CHz-CH(NHCHO)-CO&t (MeObCH-CHdHNH+CHZOH 
1 6 

(EtO)zCH-CHz-CHNH&O&t’ (MeO),CH-CHz-CHNHAc-CH.zOH 
2 7 

l-I 
N 

/\ 
(EtO)zCH-H2GHC co 

I I 
CH-CHz-CH(OEt)z 

OCIN/ 

H 
3 

OHC!-CH4H&H3-_CH20H Cl- 
8 

(EtO)zCH-CH2_CHNH2_C02H 
4 

(MeO)zCH-CHz-CHNH~O~Me 
5 

(EtS)z,CH-CHdHNHz-CHzOH 
9 

OHC--CH2_CHNHAc-CH20H 
10 

An alternative route to the required ester acetal was suggested by Weygand and 
Fritz in the synthesis of 3-ethoxycarbonyl-3-trifluoroacetamidopropionaldehyde6. 
Treatment of this compound with ethanolic hydrogen chloride failed to remove the 
trifluoroacetyl group which can usually be cleaved by methanolic hydrogen chloride7*8. 

3-Methoxycarbonyl-3-trifluoroacetamidopro?ionaldehyde was chosen as a 
starting compound in order to avoid a possible transesterification reaction, and was 
obtained from 3-methoxycarbonyl-3-trifluoroacetamidopropionyl chloride9 by a 
Rosenmund reduction. The syrupy product was characterized as its 2,Pdinitro- 
phenylhydrazone. Treatment with methanolic hydrogen chloride at room temper- 
ature for 48 h yielded methyl 2-amino-4,4_dimethoxybutyrate (5) as a colourless, 
distillable liquid (overall yield, 40%), which was characterized as the picrate. Reduc- 
tion of 5 with lithium aluminium hydride yielded 3-amino-4hydroxybutyraldehyde 
dimethyl acetal(6), as a viscous, distillable syrup, characterized as its neutral oxalate. 

The acetamido acetal7 was obtained in 86% yield by treatment of a methanolic 
solution of the amino acetal6 with acetic anhydride. 

An amorphous, reducing compound, probably 3-amino-4_hydroxybutyr- 
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aldehyde hydrochloride, was obtained by the acid hydrolysis of the acetal 6. This 
material, which was soluble in water and methanol and was stable at room temper- 
ature and in acid media, was characterized as its crystalline IZJ-dinitrophenyl- 
hydrazone. 

The dithioacetal 9 was obtained in 90% yield from 6 by treatment with ethane- 
thiol and concentrated hydrochloric acid, and was characterized as its neutral 
oxalate. 

Hydrolysis of 7 with 0.02~ sulphuric acid for 24 h at room temperature gave 
the free DL acetamido sugar 10, characterized as its crystalline semicarbazone. 

The synthesis involving L-aspartic acid yielded the (S)-isomers, 5’, 6’, ?‘, 9’, 
and lo', of 5, 6, 7, 9, and 10. The crystalline compound 10’ exhibited no aldehyde 
carbonyl absorption in the infrared, but its aqueous solution had reducing properties 
which enabled its detection with the silver nitrate-sodium hydroxide spray reagent. 

The compound did not mutarotate in aqueous solution. The n.m.r. spectrum in 
deuterioacetone showed the absence of an aldehydic proton, and the methyl protons 
of the N-acetyl group resonated as a doublet (T 8-I), suggesting the presence of 
tautomers. These properties parallel those of 3-acetamido-2,3-dideoxy-D-ribose, 
which is known as a highly stable hemiacetal both in the solid state and in solution io . 

EXPERIhImAL 

Solvents were removed under diminished pressure at a bath-temperature of 45”. 
Melting points were determined on a Kofler hot-stage apparatus and are corrected. 
N.m.r. spectra were determined on a Varian A-60 spectrometer at 35”. Infrared spectra 
were recorded with a Perkin-Elmer spectrophotometer (Model 237), either as thin 
films or Nujol mulls. Microanalyses were performed by the C.N. R. S. Laboratories, 
Thiais, France. 

Ethyl 2-formamido-4-pentenoate (1). - A solution of ethyl 2-allyl-2-formamido- 
malonate4 (68 g, 0.28 mole) in absolute alcohol (250 ml) was treated with 6~ sodium 
hydroxide (51 ml) for 2 h at room temperature. After the addition of 6~ sulphuric 
acid (51 ml) and ethanol (50 ml), the solution was kept for 1 h at O”, filtered, and 
evaporated. The residue which crystallized spontaneously (m.p. l10-115°) was 
decarboxylated by heating for 20 min at 120-130”. After cooling, the resulting syrup 
was extracted with ether. An insoluble, crystalline product (6 g, m-p. 210”) was 
discarded. The ethereal solution was evaporated, and the resulting yellow oil was 
distilled to yield a colourless liquid (33 g, 69%); b.p. 91-92”/0.1 mm. 

Anal. Calc. for CsHrsNO,: C, 56.12; H, 7.65; N, 8.18. Found: C, 56.28; 
H, 7.82; N, 8.09. 

Ethyl 2-amino-4,4_diethoxybutyrate (2). - A solution of 1 (2.7 g, 16 mmoles) 
in p-dioxane (40 ml) and water (15 ml) was stirred for 5 min at room temperature 
with osmium tetroxide (0.041 g, 0.16 mmole). Sodium metaperiodate (7.5 g, 
35 mmoles) was added portionwise during 30 min to the brown reaction mixture. 
After stirring for a further 30 min, the solids were removed by filtration and washed 
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with ethyl acetate. The pale-yellow atrate and washing were concentrated to a syrup 
which contained colloidal osmium. The syrup was dissolved in chloroform and 
chromatographed on alumina (60 g). 1:4 Chloroform-ethanol eluted a pale-yellow oil 
(2.25 g, 81%) which could not be crystallized. 

The product was treated for 18 h at room temperature with absolute alcohol 
(25 ml) presaturated at 0” with hydrogen chloride. The solution was concentrated to a 
thick syrup which was dissolved in chloroform (20 ml). Sodium hydrogen carbonate 
(4 g) was added, and the mixture was stirred for 4 h at room temperature. Insoluble 
salts were removed by filtration, and the filtrate was washed with 5% aqueous 
sodium hydrogen carbonate (5 ml) and saturated, aqueous sodium chloride (5 ml), 
dried (Na$O,), and evaporated to dryness. The syrupy, brown residue was distilled 
at 100°/O. 1 mm to give a colourless liquid (0.74 g, 22%); v,,, 3380 (NH,), 2980,2930, 
1740 (CO), 1445,1375, 1265,1180,1120,1060 cm-‘. 

Anal. Calc. for C,sH,,N04: C, 54.77; H, 9.65; N, 6.39. Found: C, 54.69; 
H, 9.50; N, 6.43. 

The picrate was prepared by using water as solvent and was crystallized as the 
monohydrate, m.p. 55-57”, which melted to a gum on attempted drying in vacua at 
room temperature. There was a broad i.r. band at 3400 cm-l (bound OH). The 
analytical sample was air-dried. 

Anal. Calc. for C, 6H24N4011 .H,O: C, 41.20; H, 5.62; N, 12.01. Found: 
C, 41.12; H, 5.59; N, 12.12. 

Distillation of amino ester 2 left a crystalline residue which was extracted with 
hot water. The dioxopiperazine 3 crystallized from the cooled solution; m-p. 144- 
145”; cz’: 3050 (NH), 1665 (CO), 1340 (ring), 1130, 1055, 1010, 935, 875, 845, 
750 cm- l; n.m.r. data (chloroform-6): 6 1.22 (triplet, J 6 Hz, four CH,); 2.2 (multi- 
plet, two C-CH+Z); 3.55 (quadruplet, J 6 Hz, four O-CHI); 4.09, 4.25 (ring CH); 
4.65 (triplet, J4.5 Hz, two CH02); 6.80,6.88 (NH). This is indicative of a mixture of 
meso and racemic isomers. 

Anal. Calc. for C,,H,,N20,: C, 55.47; H, 8.73; N, 8.09. Found: C, 55.32; 
H, 8.48; N, 8.33. 

2-Anzino-4,4-diethoxybutyric acid (4). - A solution of 2 (1.1 g, 5 mmoles) in 
ethanol (12 ml) was treated with 4~ sodium hydroxide (3 ml) for 48 h at 0” and then 
neutralized with Amberlite IR-50 (II’) resin. The filtrate was evaporated to dryness, 
and the residue was dissolved in 95% alcohol. The amino acid 4 crystallized slowly at 
0”; m.p. 159-l 62” (dec.). 

Anal. Calc. for CsH,,N04: C, 50.25; H, 8.96; N, 7.33. Found: C, 49.68; 
H, 8.62; N, 7.23. 

MethyZ 2-amino-4,4-dinzethoxybzttyrate (5). - 3-Methoxycarbonyl3-trifluoro- 
acetamidopropionyl chloride9 (102 g, 0.39 mole), obtained from Dr_-aspartic acid, 
was dissolved in hot, dry xylene (1000 ml) and hydrogenated at 100-105” and atmos- 
pheric pressure in the presence of 5% palladium on barium sulphate (30 g) and 
quinoline-sulphur poison (I ml). The reaction was terminated when the evolution of 
hydrogen chloride ceased abruptly. The catalyst was removed by filtration and 
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washed with hot xylene. Evaporation of the filtrate and washings afforded the 
aldehyde as a pale-green syrup (91 g) which afforded a 2,4dinitrophenylhydrazone, 
m-p. 201-202” (from ethanol). 

Anal. Caic. for C13H12F3N50,: C, 38.34; H, 2.97; N, 7.19. Found: C, 38.57; 
H, 3.19; N, 17.48. 

The syrupy aldehyde (91 g) was treated for 48 h at room temperature with dry 
methanol (1000 ml) presaturated at 0” with hydrogen chloride. The product was 
isolated as for compound 2, to give 5 as a colourless liquid (27.5 g, 40%); b-p. 70”/ 
0.3 mm. 

Anal. Calc. for C7HS5N04: C, 47.44; H, 8.53; N, 7.91. Found: C, 47.34; 
H, 8.42; N, 7.98. 

The picrate of 5 was crystallized from water and alcohol, and had m-p. 120” 
(dec.). 

Anal. Calc. for C, 3H18N401 1 : C, 38.42; H, 4.47; N, 13.79. Found: C, 38.42; 
H, 4.36; N, 13.92. 

Q-Methyl 2-amine-4,4-dimethoxybutyrate (5’) was prepared in the same way, 
starting from L-aspartic acid. It had [a]? + 11” (c 2.0, methanol). 

3-Amino-4Jzydroxybzrtyraidelzyde diuzethyl acetal(6). - A solution of 5 (27.5 g, 
0.16 mole) in dry ether (100 ml) was added dropwise during 3 h to a suspension of 
lithium aluminium hydride (13 g, 0.34 mole) in dry ether (400 ml). The reaction 
mixture was kept for 24 h at room temperature. Water (43 ml) was added to the 
cooled (- 15’) mixture, which was then filtered. The inorganic residue was washed 
with boiling ethanol (5 x 200 ml), and the combined organic filtrates were evaporated. 

Distillation of the residue gave a colourless, viscous liquid (8.8 g, 38%); b.p. 90-91°/ 
0.2 mm; v,,, : 3350,329O (OH, NH,); 2930,2830,1595 (NH,), 1465,1445,1370,1120, 
1055,960 cm-‘. 

The neutral oxalate of 6 was crystallized from absolute ethanol and had m-p. 
147-148”. 

Anal. CaIc. for C14H32Nt01 ,-, : C, 43.29; H, 8.30: N, 7.21. Found: C, 43.16; 
H, 8.21; N, 7.42. 

(S)-3-Amine-4-hydroxybutyraldehyde dimethyl acetal (6’) was prepared from 
5’ and gave a neutral oxalate with m.p. 155-156” and [a];’ +5.5” (c 2.0, methanol). 

3-Acetanzido4hydroxybzztyraZdehyde dimethyl acetal (7). - Acetic anhydride 
(1.5 ml) was added dropwise to a stirred solution of 6 (1 g) in dry methanol (10 ml). 
After 24 h at room temperature, the solution was evaporated, and last traces of 
acetic acid were removed by coevaporation with toluene. The residue was distilled 
to give the acetal7 (1.1 g, 86%); b-p. 120”/0.06 mm; v,,,,,: 3300,309O (NH and OH); 
2940,2840,1660,1650 (amide I); 1550 (amide II); 1435,1375,1300,1190,1125,1055, 
970 cm- l. 

Anal. Calc. for C,H,,NO.+: C, 50.25; H, 8.96; N, 7.33. Found: C, 49.96; 
H, 9.12; N, 6.79. 

(S)-3-Acetamido-4-hydroxybutyraldehyde dimethyl acetal(7’) was prepared in 
the same way, starting from compound 6’. 
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Anal. Calc. for C,H,,N,O,: C, 41.58; H, 6.98; N, 27.71. Found: C, 41.53; 

H, 7.10; N, 27.69. 

REFERENCES 

1 S. DAVID AND A. VEYRI~RE_S, Carbobyd. Res., 10 (1969) 35. 
2 R. KUHN AND H. FISCHER, Ann., 641 (1961) 152. 
3 R. KUHN AND D. WEISER, Ann., 602 (1957) 208 

4 K. SCHL~GL AND H. FABIT~CHOWITZ, Monarsh. Chenr., 85 (1954) 1060. 
5 R. PAPPO, D. S. ALLEN, JR., R. U. LEMIEUX, AND W. S. JOHNSON, J. Org. Chern., 21 (1956) 478. 
6 F. WEYGAND AND H. FRITZ, Ser., 98 (1965) 72. 
7 F. WEYGAND AND A. RGPSCH, Ber., 92 (1959) 2099. 
8 M. L. WoLmohx AND H. B. BHAT, J. Org. Chenz., 32 (1967) 1821. 
9 Y. LI~SCHITZ, R. D. IR.SAY, AND A. I. VINCZE, J. Chem. Sot., (19ki9) 1308. 

10 C. D. ANDERSON, W. W. LEE, L. GOODMAN, AND B. R. BAI(ER, J. Amer. C’hem. Sot., 83 (1961) 
1900. 

Corbobyd. Res., 13 (1970) 203-209 



211 

THE CHEMICAL STRUCTURE OF THREE TRISACCHARIDES 
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LYSOZYME-CATALYZED TRANSGLYCOSYLATION REACTION* 

JERRY J. POLLOCK** AND NATHAN SHARON 

Department of Biophysics, The Weizmann Institute of Science, Rehovoth (Israel) 

(Received June 28th, 1969; in revised form, September 19th, 1969) 

Treatment of the bacterial cell-wall tetrasaccharide, O-fl-D-GNAc-(1 + 4)- 
O-/I-D-MU~NAC-(~ + 4)-U-/J-D-GNAc-(1 -+ 4)~D-MurNAc (l), with hen’s egg-white 
lysozyme in the presence of 2-acetamido-2-deoxy-o-glucose as acceptor, gave a 
trisaccharide, O-P-D-GNAc-(1 -+ 4)-O+D-MurNAc-(l + 4)-D-GNAc (2), which was 
isolated by paper electrophoresis and paper chromatography. This compound was 
found to be identical with a trisaccharide obtained by degradation of 1 with 
lysostaphin. Two trisaccharides were isolated by a combination of anion-exchange 
chromatography, paper electrophoresis, and paper chromatography from reaction 
mixtures containing the cell-wall tetrasaccharide 1, lysozyme, and D-galactose or 
rr-xylose as acceptors. They were assigned the following structures: O-fi-D-GNAc- 
(1 + 4)- O-j?-D-MurNAc-( 1 + &D-Gal (3) and O-/I-JB-GNAc-( I+ 4)- O-p-n-MurNAc- 
(1 + 4)-D-xyl (4). The corresponding 14C-labeled trisaccharides were also prepared 
using radioactive acceptors. For all trisaccharides, structural identification was based 
on the results of chemical and enzymic experiments which included colcr reactions, 
analysis of chemical composition, end-group determination by sodium borohydride 
reduction, periodate oxidation, and methylation. The trisaccharides were cleaved by 
lysozyme to give the free-acceptor sugars. 

INTRODUCTION 

We have previously reported that the bacterial cell-wall tetrasaccharide, 
O-/I-D-GNAc-(1 + 4)-O+-o-MurNAc-(l + 4)-0-j3-D-GNAc-(1 + 4)-D-MurNAct (l), 
can serve as a donor of O-p-D-GNAc-(1 +4)-D-MurNAc residues, and a variety of 
mono- and oligo-saccharides can serve as acceptors in transglycosylation reactions 
catalyzed by hen’s egg-white lysozyme 2*3. Similar findings with b-(1 +4)-linked 
oligosaccharides of 2-acetamido-2-deoxy-D-glucose (chitin oligosaccharides) as donors 

*A preliminary account has been presented (see ref. 1). 
**Present address: Department of Microbiology, New York University Medical Center, New York, 
N. Y., U. S. A. 
TAbbreviation used: -MurNAc for 2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-D-glucose (N-ace- 
tyhnuramic acid). 
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have also been described by other worlcers4*5 and by omselves6. However, no detailed 
evidence on the structure of the transfer products formed was presented. Such evidence 
is of importance for the understanding of the mechanism of lysozyme action7. 

We now describe the characterization by chemical and enzymic techniques of 
three trisaccharides which were isolated on a preparative scale from incubation 
mixtures containing compound 1, hen’s egg-white lysozyme, and one of the following 
unlabeled or radioactively labeled acceptors: 2-acetamido-2-deoxy-D-glucose, 
D-galactose, and D-xylose. The trisaccharides were found to be homogeneous in all 
of the paper-chromatographic and paper-electrophoretic systems tested. The acceptors 
proved to be located at the reducing end of the trisaccharides so that the general 
structure O-/~-D-GNAc-(1 --, 4)-D-MurNAc-X, where X is the acceptor, represents the 
compounds obtained. The isolated compounds all exhibited low optical rotations and 
could be cleaved by lysozyme to yield free-acceptor saccharides. On the basis of the 
low optical rotations observed for the trisaccharides, the glycosidic bond joining the 
2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-o-glucosyl residue to the acceptor has 
been assigned the 13-D configuration. This result shows that the transfer reaction 
proceeds with retention of configuration. Periodate-oxidation studies of the sodium 
borohydride-reduced trisaccharides, analysis of the products of methylation, and other 
reactions led to the assignment of the following structures to the three compounds: 
0-fl-D-GNAc-(1 --, 4)-0-/3-D-MurNAc-(1 -4)-D-GNAc (2), O-/?-D-GNAc-(I +4)-O- 
/3-D-MurNAc-(I -+2)-D-Gal (3), and O+?-D-GNAc-(1 + 4)-O-/?-D-MurNAc-(l + 4)- 
D-Xyl (4). Trisaccharide 2 was found to be identical by all criteria tested with a tri- 
saccharides which was isolated after degradation of 1 by lysostaphin. From the 
structure of the trisaccharides, it is concluded that lysozyme can form and cleave not 
only j&~-(1 --, 4) linkages, but p-~-(1 + 2) linkages as well. 

MATERIALS AND METHODS 

General. - Hen’s egg-white lysozyme (twice recrystallized, salt-free) was a 
product of Worthington. Boar-epididyme eso-/3-N-acetylglucosaminidaseg was given 
by Dr. James Conchie and lysostaphin lo by Dr. P. A. Tavormina. The cell-wall 
tetrasaccharide, O-/LD-GNAc-(1 -+4)-0-/3-o-MurNAc-(1 +4)-O-fi-D-GNAc-(1 -+4)- 
D-MurNAc (l), and the corresponding disaccharide, O-/&D-GNAc-I 1 + 4)-D-MurNAc 
(S), were prepared from celI walls of Micrococcus Zysodeikticus”*‘2. Authentic tri- 
saccharide O-p-D-GNAc-(I ---, 4)-0-/?-D-MurNAc-(1 --, 4)-D-GNAc was obtained by 
digestion of 1 with lysostaphin’, and it was purified by preparative paper-electro- 
phoresis at pH 6.5. 2-Acetamido-2-deoxy-D-glucose was a gift of Pfizer and Co. 
It was recrystallized from ethanol-aceione to give a melting point of 202-203”. 
2-Amino-2-deoxy-D-gIucito1 and 2-amino-3-0-(~-1-carboxyethyl)-2-deoxy-D-glucitol 
were obtained as markers for paper chromatography and paper electrophoresis, as 
previously described”, by reduction of 2-acetamido-2-deoxy-D-glucose and of 
compound 5, respectively, with sodium borohydride, followed by acid hydrolysis. 
Radioactive monosaccharides, 14C-labeled either uniformly or only at C-l, were 
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obtained from the Radiochemical Center, from the New England Nuclear Corpo- 
ration, and from Calbiochem: Methyl 2,3,4,6-tetra-O-methyl-a-D-glucopyranoside 
containing a small amount of the corresponding /3 anomer was purchased from Koch- 
Light, and methylated standards of D-galactose and D-xylose for g.1.c. were kindly 
given by Dr. B. Gestetner and Dr. G. 0. Aspinall. 

Optical rotations were determined on water solutions with a Bendix ETL-NPL 
automatic polarimeter (Type 143A) at 25 f 1”. 

Preparation of trisaccharides. O-/~-D-GNAc-(I -w#)-O-B-D-MuriVAc-(I +4)-D- 

GNAc (2). - A typical incubation mixture consisted of tetrasaccharide l(40 pmoles), 
2-acetamido-2-deoxy-D-glucose (160 ,umoles), and lysozyme (4 mg) in 0.1 M ammonium 
acetate buffer, pH 5.25 (4 ml). After incubation for 72 h at 37”, the reaction mixture 
was applied as a narrow band to two sheets of paper and subjected to electrophoresis 
at pH 6.5 for 90 min, in the presence of 1,5, and the trisaccharide obtained by degrada- 
tion of 1 with lysostaphin, as standards. The markers were located with the sodium 
hydroxide reagent. The material which migrated as the authentic trisaccharlde 
(MT 0.68) was eluted from the paper, and the eluate was lyophilized. The crude 
product was freed of compound 5 by paper chromatography in solvent (a), and final 
purification to remove a small amount of 1 was performed by chromatography in 
solvent (b) to give 4 mg (15% yield based on 1) of compound 2. In a similar manner, 
O-,%D-GNAc-(1 -+4)-O-/SD-MurNAc-(1 A~)-GNAc-I-‘~C (2a) was prepared by 
using 2-acetamido-2-deoxy-D-glucose-l- 14C as acceptor. In this case, guide strips 
were cut from the electrophoretogram, and the radioactive products were located 
by scanning. 

O-j?-D-GNAc-(l-w#)-O-~-D-MzwNAc-(I-+2)-D-Ga~(3). - The tetrasaccharide 1 
(100 pmoles), D-galactose (5 mmoles), and lysozyme (3 mg) in acetate buffer (pH 5.25, 
10 ml) were incubated at 37” for 18 h. The reaction mixture was lyophilized, and the 
residue was dissolvedin a minimal volume of water and applied to a column (35 x 2 cm) 
of Dowex-1 (AGI-X-8, AcO-, 200-400 mesh, Bio-Rad). Unreacted D-galactose 
was removed from the column with water (200 ml). Fraction II was obtained by 
elution with 0.45~ acetic acid (150 ml), and undigested tetrasaccharide was eluted 
from the column with 0.75M acetic acid (150 ml). Upon electrophoresis at pH 6.5, 
fraction II was resolved into three bands having electrophoretic mobilities of MT 0.84 
(compound 5), MT 0.88, and MT 0.68. The material having an MT 0.68 was eluted 
from the paper. After lyophilization, further purification was achieved by preparative 
paper chromatography in solvent (a), and the major component (RGNAc 0.55) was 
isolated to give 9 mg (13% yield based on 1) of 3. The corresponding, labeled tri- 
saccharide O-~-D-GNAC-(~-+~)-O-~-D-M~~NA~-(I +~)-D-G&~-‘~C (3a) was also 
prepared according to this method, except that the cell-wall tetrasaccharide and 
D-galactose were used at equimolar concentrations (1Om~). 

0-/I-D-GNAc-(~+~)-O-/~-D-MW-NAC-(I-+~)-D-X~~ (4). - The conditions used 
were the same as those used for the preparation of 3, except that D-xylose replaced 
D-galactose. The trisaccharide mixture was isolated by fractionation on Dowex-1, 
followed by preparative paper-electrophoresis at pH 6.5 (n/i, 0.70). Preparative 
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paper-chromatography in solvent (a> gave two products having RGNAE 0.59 and 
R GNAC 0.69. The slower-moving product (5.5 mg, 9%) was homogeneous in al1 paper- 
chromatographic and -electrophoretic systems tested and was identified as the title 
compound 4. The faster moving product (4.5 mg, 7%) was found to be a mixture of 
two trisaccharides, analogous to 4 but with (1+3)- and (142)~linked D-xylose’, 
which could not be separated on a preparative scale. O-P-D-GNAc-(1+4)-0-&D- 
MurNAc-(1+4)-D-X~l-l-‘~c (4a) was similarly prepared. 

Paper chromatography andpaper electrophoresii. - Whatman No. 1 paper was 
used for analytical experiments and No. 3 for preparative work. The following solvent 
systems (v/v) were used for descending paper-chromatography: (a) 25:6:25 butyl 
alcohol-acetic acid-water (upper phase), (b> 25:6:25 butyl alcohol-acetic acid-water 

(upper phase), in a chamber saturated with pyridine vapors14; (c) 2: 1:2 ethyl acetate- 
pyridine-water (upper phase); and (d) 6:4:2:1 butyl alcohol-pyridine-water-6% (w/v) 
aqueous boric acid. The rates of migration in solvents (a), (b), and (c) are given relative 
to those of 2-acetamido-2-deoxy-D-glucose (RGNAc), and in solvent (6) relative to 
2-amino-2deoxy-D-glucose (I&&. Paper electrophoresis was performed at a constant 
voltage of 50 volts per cm with the following buffer systems: 0.86~ acetic acid adjusted 
with pyridine to pH 3.5; 1.2~ pyridine adjusted with acetic acid to pH 6.5; and 0.07~ 
germanium dioxide adjusted with 50% sodium hydroxide to pH 10.715. Electrophoretic 
mobilities are expressed relative to 2-amino-2-deoxy-D-glucose (&I&,) at pH 3.5, 
relative to the tetrasaccharide 1, (MT) at pH 6.5, and relative to D-glucose (M,J at 
pH 10.7. The oligosaccharides were detected on paper chromatograms or paper 
electrophoretograms by one or more of the following reagents: sodium hydroxide16, 
silver nitrate”, and ninhydrin. 

Radioactive chromatograms or electrophoretograms were routinely analyzed 
with a Vanguard gas-ffow strip scanner. For quantitative measurements, the strips 
were divided into sections of 3 to 20 mm, depending on the proximity of the radio- 
active peaks. The paper sections were then piaced into counting viaIs, and water (0.6 ml) 
was added to each vial. After the strips had been kept overnight, Bray’s dioxane 
scintillation solution” was added, and the samples were counted in a Packard Tri- 
Carb scintihation counter for 5 mm each. 

Analytical methods. - 2-Acetamido-2-deoxy-D-glucose and 2-acetamido-3-0- 
(Do-I-carboxyethyl)-2-deoxy-D-glucose were measured as 2-amino-2-deoxy-D-glucose 
and 2-amino-3-O-(D-I-carboxyethyl)-2-deoxy-D-gIucose, respectively, with a Beckman 
Spinco amino acid analyzer, after acid hydrolysis (2~ hydrochloric acid, 2.5 h, 100’) 
of the saccharides13 using as standard compound 5 which was hydrolyzed under the 
same conditions. Neutral sugars were determined in the original compounds by the 
phenol-sulfuric acid testlg with the appropriate saccharide standards. The triphenyl- 
tetrazolium test was performed according to SchiiTman et aLto. 

Gas-liquid chromatography. - The trisaccharides (about 6 mg of each) were 
methylated according to the method of Kuhn et aZ.‘l by treatment with freshly 
prepared silver oxide, redistilled N,N-dimethylformamide, and methyl iodide. The 
methylated compounds were heated for 12 h at reflux in 5% methanohc hydrogen 
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chloride. The solutions were neutralized with silver carbonate and evaporated. After 
repeated additions of chloroform followed by evaporation, the resulting mixtures of 
methyl glycosides of O-methyl sugars were analyzed by g.1.c. with a Packard Model 
1800 apparatus (flame ionization detector) using nitrogen flow rates of about 60 ml 
per min on (i) a coiled glass column (8 ft x l/8 in) of 15% (w/w) polyethylene glycol 
adipate on Chromosorb-W (60-80 mesh, acid-washed) at 175q and (ii) a column 
(6 ft x l/8 in) of 5% (w/w) neopentyl glycol adipate on Chromosorb-W (60-80 mesh, 
acid-washed) at 150”. Retention times (7’) are quoted relative to methyl 2,3,4,6-tetra- 
O-methyl-/7-D-glucopyranoside as standard. Only the methyl ethers of the acceptor 
saccharide portion of the trisaccharides were examined, since their identification was 
sufficient for assigning the positions of the new linkage formed. Furthermore, the 
acceptor portions of the moIecuIe appeared, in all cases, to be compIetely methyIated, 
since no peaks having slower retention times corresponding to those of incompletely 
methylated derivatives were observed. As no methylated standards were available 
for the 2-acetamido-2-deoxy-Dglucose and the 2-acetamido-3-U-(D-l-carboxyethyl)- 
2-deoxy-D-glucosemoieties of the compounds analyzed, it was not possible to conclude 
whether these residues were completely methylated. However, an analysis of methyl- 
ated and methanolyzed O-/3-D-GNAc-(1+4)-D-MurNAc did not reveal any peaks 
having retention times corresponding to those of the methylated acceptor saccharides 
after similar treatment. 

Identification of terminal reducing sugar. - In a typical experiment; approxi- 
mately 1 bmole of trisaccharide was dissolved in 0.1~ borate buffer (0.5 ml, 0.025~ 
sodium tetraborate and 0.1~ boric acid, pH 8.3). A large excess of sodium borohydride 
(100 pmoles) was added, and the mixture was kept in the dark for 12 h at 4O; it was 
then brought to room temperature, and kept for 90 min at this temperature. Hydro- 
chloric acid (4&i, 0.5 ml) was added, and the hydrolysis was performed in a sealed 
tube for 3 h at 105”. An aliquot (0.2 ml) was dried in vacua in the presence of potassium 
hydroxide, and the residue was dissolved in a minimal volume of water and analyzed 
by paper electrophoresis (pH 3.5, 45 min) with the standards, 2-amino-2-deoxy- 
D-glucose and 2-amino-3-0-(D-l-carboxyethylj-2-deoxy-o-glucose (MGN 0.29). The 
remaining portion (0.8 ml) of the hydrolyzate was applied to a column (5 x 1 cm) of 
Amberlite MB-3. The neutral compounds were eluted from the column with water 
(20 ml), and the eluate was evaporated to dryness under diminished pressure. Methanol 
(5 ml) was added, and the solution was evaporated in vacua to remove the boric acid 
as volatile methyl borate. The addition of methanol and evaporation was repeated 
three times. The dried residue was dissolved in water (50 ~1) and the solution was 
deposited on paper for chromatography in solvent (4 in the presence of the standards, 
D-galactose (R GN 1.29), galactitol (RGN 1.02), o-xylose (RGN 1.80), and xylitol 
(RGN 1.46). The spots were revealed with the silver nitrate reagent. 

In the case of compound 2, the sodium borohydride reduction followed by 
acid hydrolysis was performed as described in the preceding paragraph. The hydro- 
lyzate was dried in vacua, methanol was added and repeatedly evaporated, and the 
residue was dissolved in water (lOO&. The solution was divided into four equal 
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aliquots which were deposited on four different sections of the same paper for electro- 
phoresis at pH 3.5, for 45 min, with standards 2-amino-2-deoxy-D-glucose, 2-amino- 
3-U-(D-I-carboxyethyl)-2-deoxy-D-glucose, 2-amino-2-deoxy-D-glucitol (MGN l.OO), 
and 2-amino-3-0-(D-l-carboxyethyl)-2-deoxy-D-glucitol (MGN 0.29). One section of 
the electrophoretogram was treated with ninhydrin, another with silver nitrate. From 
the remaining two sections, the areas corresponding to MGN 1.00 were cut out and 
sewn onto another sheet of paper for chromatography with solvent (C-I). The areas 
corresponding to MGN 0.29 were treated similarly, except that chromatography was 
performed with solvent (a). The saccharides were revealed with the ninhydrin and 
silver nitrate reagents. The trisaccharide obtained by degradation of 1 with lysostaphin 
was analyzed in the same manner. 

Periodate oxidation. - Periodate consumption by untreated and sodium boro- 
hydride-reduced trisaccharides was measured with the method of Leyh-Bouille et aL8 
except that the amounts of material were scaled up approximately tenfold. In a 
typical experiment, the untreated saccharide (0.5 pmole) was dissoived in water 
(400 ~1) and 0.05M sodium metaperiodate (100 ~1) was added. The reaction mixture 
was kept in the dark at room temperature and, over a period of 4 to 5 days, aliquots 
(IO ~1) were added to a cuvette containing water (1 ml), and the absorbance was read 
at 224 nm. After 50 h, duplicate aliquots (100 ~1, 0.1 pmole of trisaccharide) were 
removed. To these aliquots 2~ sodium arsenite (100 ~1) was added and after 15 min 
at room temperature the solutions were diluted to 1 ml. Formaldehyde was determined 
by the 2,Ppentanedione-ammonia methodz2 and compared to an erythritol standard 
similarly oxidized_ 

For studies of the reduced trisaccharides, the saccharide (0.5-1.5 pmole) in 
water (200 ~1) was mixed with a solution of 0.2~ sodium borohydride (100 ~1). The 
solution was kept for 4 h at room temperature, and the pH was then adjusted to 
about 5 with 0.2~ acetic acid (lOO& Sodium metaperiodate (O.O5M, 100 ~1) was 
added. and the solution kept at room temperature in the dark. Aliquots (10 ~1) were 
withdrawn over a period of 80 h, added to a cuvette containing water (1 ml), and the 
absorbance was read at 224 nm. After 50 h, aliquots (50 to 100 ~1) were taken for 
formaldehyde determination22. 

Sodium borohydride-periodate degradation of trisaccharides “C-labeled at 

C-l. - Sodium borohydride (O.~M, 100 ~1) was added to the radioactive trisaccharide 
(0.5 pmole) in water (200 ~1). The solution was kept for 4 h at room temperature, 
the pH was adjusted to about 5 with acetic acid (0.2~~ 100 pl), and sodium meta- 
periodate (O.O%r, 100 pl) was added. The oxidation was performed for a period of 2 h 
in the dark at room temperature. To destroy unreacted periodate, erythritol(O.15~1’ 
100 ~1) was added, and the solution was kept for another hour. Sodium borohydride 
(O.~M, 100 ~1) was added, and after 4 h at room temperature the sample was hydrolyzed 
with 4hi hydrochloric acid (700 ~1) for 2.5 h at 100”. The hydrolyzate was applied to 
an Amberlite MB-3 column (5 x 1 cm). The column was washed with water (20 ml), 
the eluate was evaporated under reduced pressure; methanol was added to the residue 
and evaporated. The dried residue was dissolved-in a known volume of water, and 
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radioactivity was determined on aliquots by liquid scintillation counting in Bray’s 
solution. Aliquots were analyzed by paper chromatography in the presence of a glycerol 
marker with solvents (a) (RGNAc 1.35) and (c) (RGNAe 1.19) and by electrophoresis 
at pH 10.7 (MC 0.35). Chromatograms or electrophoretograms of ‘“C-labeled 
sugars were analyzed as outlined above. 

Treatment zuith exo+N-acetylglucosaminidase. - The trisaccharide (1 pmole, 
labeled or unlabeled), was incubated at 37” with boar-epididyme exe-j?-N-acetyl- 
glucosarninidase solution9 (0.08 ml, 3 x lo6 units per ml per h, in 0.05~ citrate buffer, 
pH 4.2, and 0.1~ sodium chloride), bovine serum albumin (0.02 ml, 2 mg per ml), 
and 0.05~ citrate buffer, (0.10 ml, pH 4.2). Duplicate aliquots (45 p leach) were 
removed, at zero time and after 24 h of incubation, for analysis by paper electro- 
phoresis, at pH 6.5, using 2-acetamido-2-deoxy-D-glucose and the disaccharide 5 as 
standards. Part of the electrophoretogram (one set of the 0- and 24-h aliquots) was 
treated with the sodium hydroxide reagent, while, from the other part, the areas of 
the reaction mixture corresponding in mobility to the standards were cut out and 
sewn onto a second paper for chromatography with solvent (a). When radioactively 
labeled trisaccharides were used, the positions of the products of digestion on the 
chromatograms and electrophoretograms were revealed by strip scanning. 

Degradatiotz of trisaccharides zoitlz lysozyme. - For testing the susceptibility 
of the isolated trisaccharides to lysozyme degradation, they were incubated for 
periods of 72 to 98 h at 37” in 0.1~ ammonium acetate-acetic acid buffer, pH 5.25 
(prepared by adding 0.1 M acetic acid to 0.1 M ammonium acetate to the required pH), 
using concentrations of 2.4 to 7.9 x IO-‘M of trisaccharide and of 1 mg per ml of 
enzyme. The radioactive products formed during the course of incubation were 
analyzed by paper electrophoresis at pH 6.5. 

RESULTS AND DISCUSSION 

Trisaccharide 2, isolated from an incubation mixture containing the cell-wall 
tetrasaccharide 1, 2-acetamido-2-deoxy-o-glucose, and lysozyme, migrated as a 
single spot or radioactive peak (when 2a was tested) in all the paper-chromatographic 
and electrophoretic systems tested. Its rates of migration (Table I) were, in all cases, 
identical with those of the trisaccharide obtained by degradation of 1 with lysostaphin. 
After acid hydrolysis, compound 2 contained 95% of the theoretical amount of 
2-amino-2-deoxy-D-glucose and the ratio of the latter to 2-amino-3-0-@-l -carboxy- 
ethyl)-2-deoxy-D-glucose was 2.02 to 1 .OO (as compared to 1.98 to 1.00 for the authentic 
trisaccharide). Its optical rotation, [u]$,~ -20.4” (c 0.52, water), was very close to that 
of the authentic trisaccharide, [a];’ -22” (c 0.65, water), and considerab!y lower than 
that of the disaccharide 5 ([t~]g + 13q ref. 12). 

The terminal reducing sugar of compound 2 was shown to be 2-acetamido- 
2-deoxy-D-glucose and not 2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-D-glucose. 
Reduction of the trisaccharide with sodium borohydride, followed by acid hydrolysis, 
gave 2-amino-2-deoxy-n-glucose, Zamino-3-0-(D-1-carboxyethyl)-2-deoxy-D-glucose, 
and a third compound which migrated on paper chromatograms and electrophoreto- 
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TABLE I 

RATES OF MIGRATION OF OLIGOSACCHARIDES ON PAPER CHROMATOGRAPHY AHD PAPER ELEClROPHORESIS 

CoMponnd9 RGN.A~ in soloems 

(a) (b) (c) 

EIectrophoresis 

MT, pN 6.5 MG, pH 10.7 

Standard compounds 
2-Acetamido-2-deoxy-D-glucose 
D-Galactose 
D-Glucose 
D-Xylose 
O-8_D-GNAc-(l-+4)-D-MurNAc (!I) 
O-/?-D-GNAc-(1+4)-O+D-MurNAc- 

(I-+4)-U-@-D-GNAC-(1+4)-D- 
MurNAc (1) 

Trisaccharides 
O-B-D-GNAc-(1+4)-O-8-D-MurNAc- 

(1+4)-D-GNAc (2)* 
O-/3-D-GNAc-(l-+4)-O-P-D-MurNAc- 
(1+2)-~-Gd(3) 

0-#J-D-GNAc-(l-+4)-O-#?-D-MurNAc- 
(1+,4)-D-xy1(4) 

1.00 1.00 1.00 

0.70 0.76 
0.74 0.81 

0.93 0.94 
1.05 0.73 0.46 0.84 

1.00 

0.66 0.33 0.21 1.00 

0.66 0.50 0.36 0.68 1.03 

0.55 0.30 0.68 0.36 

0.59 0.38 0.33 0.70 0.76 

cCompounds were revealed with the sodium hydroxide and silver nitrate reagentsla~17. In the case 
of trisaccharides, rates of migration were also estimated by the use of the radioactive compounds 2a, 
3a, and 4a. Qdentical in migration rates to the trisaccharide prepared by lysostaphii degradation of 
the cell-wall tetrasaccharide 1. 

grams at the same rate as that of 2-amino-%deoxy-D-glucitol and not as that of 

2-amino-3-O-(D-I-carboxyethyl)-2-deoxy-D-glucitol. The same result was observed 
with the authentic trisaccharide. Hydrolyzates were first separated by paper electro- 

phoresis, and then chromatographed in solvent (a) to detect 2-amino-3-0-(D-l- 
carboxyethyl)-2-deoxy-D-glucitol (RGNAc 0.85) [as compared to %amino-3-@(D-l- 

carboxyethyl)-2-deoxy-D-glucose (RCNAe l.OS)], and in solvent (6) for 2-amino-2- 
deoxy-D-glucitol (RGN 0.60). Both these sugar alcohols gave weakly positive ninhydrin 
tests. However, only 2-amino-%deoxy-D-glucitol gave a reaction with the silver nitrate 

reagent (brown colored spot), although the intensity of the spot was weak, and there- 

fore difficult to detect in solvent (d) which contains boric acid as one of its constituents. 

The location of the 2-acetamido-2-deoxy-D-glucose at the reducing end 

of the trisaccharide 2 was also established by degradation with exo+N-acetyl- 
glucosaminidase. Treatment of 2 with the enzyme yielded two products corresponding 
in electrophoretic and chromatographic mobility to 2-acetamido-2-deoxy-D-glucose 
and to the disaccharide O-/&D-GNAc-(1 +4)-D-MurNAc (5). However, the spot which 
migrated as the disaccharide had a different fluorescent color when revealed with 
the sodium hydroxide reagent. Identical results were obtained with the authentic 
trisaccharide which was shown by Leyh-Bouille et ~2.’ to give the disaccharide 
O-@-D-M~KNAC-(~ +4)-D-GNAc upon treatment with exe-#WV-acetylglucosaminidase. 

consumed very rapidly (within minutes), presumably by the vicinal hydroxyl groups 
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Furthermore, it was found that treatment of the l-‘4C-labeled trisaccharide 2a with 
exe-j?-iV-acetylglucosaminidase gave a sole radioactive compound. This compound 
migrated on paper chromatography in solvent (b), and on paper electrophoresis at 
pH 6.5, not as 2-acetamido-Zdeoxy-D-glucose, but as compound 5, thus showing 

that the digestion product is an acidic disaccharide, most probably U-j3-D-MurNAc- 
(l--+4)-D-GNAc-~-‘~C. 

Periodate oxidation studies of sodium borohydride-reduced 2 and of the 
authentic trisaccharide gave the same results (Fig. 1). One mole of periodate was 

_- 

Time (hJ 

Fig. 1. Comparison of the periodate consumption of O-b-n-GNAc-(l-t4)-U-j?-n-MurNAc-(l-4)- 
D-GNAc (a), prepared by lysostaphin degradation of the cell-wall tetrasaccharide 1, and trisacchar- 
ide 2 (b), prepared by lysozyme-cataIyzed transgIycosylation. Both trisaccharides were reduced with 
sodium borohydride prior to periodate oxidation, and periodate uptake was followed spectrophoto- 
metrically at 224 mn by removing aliquots from the reaction mixtures over a period of 48 h. 

attached at C-5 and C-6 of the reducing end of the trisaccharides, while a second mole 
was used by the non-reducing end at a slow rate, over a period of 48 h, in agreement 
with the results of Leyh-Bouille et al. *. Furthermore, the total periodate uptake and 
formaldehyde release were found to be characteristic of a (l-4)-linked 2-acetamido- 

%deoxy-D-glucose moiety located at the reducing end of the molecule (Table II). 
Compound 3, [a]? - 13.9” (c 0.51, water) was homogeneous on paper chromato- 

graphy and paper electrophoresis (for rates of migration, see Table I). The ratio of 
2-amino-2-deoxy-D-glucose to 2-amino-3-0-(D-l-carboxyethyl)-2-deoxy-D-glucose to 
neutral sugar was 1 .OO to 1 .OO to 1.07. The purity of compound 3, based on the content 
of 2-amino-2-deoxy-o-glucose, was estimated to be 93%. Reduction of 3 with sodium 
borohydride, followed by acid hydrolysis showed that its D-galactose moiety was 
converted into galactitol and that the amino sugar moieties were not modified. 

When sodium borohydride-reduced 3 was treated with sodium metaperiodate, 
it was found to consume rapidly 3 moles of periodate (2.8 moles at 1.5 h) per mole 
of trisaccharide, a fourth mole being reduced after about 50 h. The first 3 moles are 
presumably required for oxidation of the D-galactose moiety, and the fourth for a 

Carboi2yd. Res., 13 (1970) 2112-24 



220 J. J. POLLOCK, N. SHARON 

TABLE II 

QUANTITATIVE ANALYSIS OF PERIODATE CONSUMPTION AND FORMALDEHYDE RELEASE IN UNTREATED AND 

SODIUM BOROHYDRIDE-REDUCED TRISACCHARIDES 

Trisaccharide Moles of periodate (IO4) consamed and formaldehyde 
0-P-D-GNk-(I-&)-0-B-D-MwNAc-X (H2CO) released per mole of frisacchoride 

Calc. for MarNAc-X linkage0 Foandb 

(I+-?) U-3) (IN (14) 

X = D-GNAc (Z), 
NaBa-reduced 104 

HsCO 
c 

c 

3 2 3 2.0 
I 1 0 0.98 

X = D-Gal (3), 
untreatedd 104 

HnCO 
7* 
1 

7* 
1 

7* 4 6.36 
I 0 0.96 

X = D-Gal (3), 
NaBHa-reduced 104 4 

HoCO 1 
7* 
2 

7* 
2 

5 
I 

4.09 

0.94 
x = D-XyI (4), 

untreated6 104 6* 6* 
HzCO I I 

3 
0 

e 

I? 

3.0 
0 

x = D-x)‘1 (4), 
NaBHa-reduced 104 3 6* 

H&O 1 2 
3 
I 

c 

e 
3.0 
0.98 

=The calculated values are the total number of moles of periodate consumed and formaldehyde 
released, assuming complete oxidation. For any particular linkage, one mole of the total number of 
moles of periodate consumed is contributed by oxidation at the non-reducing end of the molecule. 
Where an asterisk marks the value, overoxidation is expected to occur under the experimental 
conditions usede4-a6. % the case of sodium borohydride-reduced trisaccharides, the values of 
periodate uptake were found for 80-h experiments, whereas for unmodified trisaccharides, the con- 
sumption was measured after 130 h. Change of optical density at 224 nm (a measure of the periodate 
consumption) was also determined over these time periods, and at the end of 50 h formaldehyde 
release was estimated. CExcluded because of the 2-acetamido group. Wntreated signifies no prior 
reduction with sodium borohydride. eNot possible with o-xylose. 

slow oxidation of the 2-acetamido-2-deoxy-D-glucose moiety present at the non- 
reducing end of the trisaccharide’. As indicated in Table IT, these results are consistent 
with a (l-+2) linkage to D-galactose at the reducing end of this trisaccharide, since a 
(1+6)-linked D-galactose would rapidly consume 4 moles (and not 3) of periodate 
(in addition to 1 mole of periodate degrading the non-reducing end of the tri- 
saccharide) to give a stable, substituted acetaldehyde derivative’j. Furthermore, 
both the (l-+3)- and (1+4)-linked D-galactose would be over-oxidized and would 
consume more periodate at room temperature after 80 h. Over-oxidation of this 

type is known to occur through the formation of an unstable malondialdehyde 
derivative24*26. 

Additional evidence for the nature of the linkage of D-galactose in 3 comes from 
periodate-oxidation studies of the unmodified trisaccharide. After 5 h, 3.09 moles of 
periodate per mole of 3 were reduced. This consumption can be ascribed only to the 
D-galactose portion of the trisaccharide, since the non-reducing end is apparently 
not oxidized at all after 5 h, as suggested by the results of the periodate oxidation 
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of the sodium borohydride-reduced 2 (Fig. 1 and ref. 8). A (1+3)- or (I-+4)-linked 
D-galactose unit at the reducing end of similar trisaccharides should be oxidized 
rapidly in its pyranose form, resulting in the consumption of 1 or 2 moles of periodate, 
respectively. Oxidation of the D-galactose moiety in these cases must proceed through 
a rate-limiting step known to involve the very slow hydrolysis of a formyl ester25*26. 
A trisaccharide having a (l-+6)-linked D-galactose unit would, on the other hand, 
consume 3 moles of periodate at the early stage of the oxidation, in agreement with 
the observed values; a (1+6) linkage however, can be ruled out for the following 
reasons: one mole of formaldehyde was released, and the total number of moles 
of periodate reduced per mole of trisaccharide, after 130 h, was closer to 7 rather 
than 4 (see Table II). The only alternative remaining is a trisaccharide having a 
(I-2) bond between 2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-D-glucose and 
D-galactose, and such a bond is in fact in agreement with the values found (Table II). 
A (1+2)-linked D-galactose, in the pyranose form, would be oxidized initially by one 
mole of periodate at the vicinal C-3 and C-4 hydroxyl groups, and in the process a 
hemiacetal would be formed. This product, in contrast to the formyl ester arising 
from the oxidation of (1+3)- and (I +4)-linked D-galactose, is unstable and will be 
cleaved at its hemiacetal bond, giving glyceraldehyde and an unstable malondialdehyde 
derivative_ The latter compound would be gradually overoxidized, while glycer- 
aldehyde would be rapidly cleaved by2 moles of periodate (per mole of glyceraldehyde) 
with a release of 1 mole of formaldehyde. 

After sodium borohydride-periodate degradation of 3a (30,000 c.p.m.), the bulk 
of radioactivity (23,000 c.p.m.) was recovered in the non-volatile fraction. The sole 
radioactive compound found in this fraction was glycerol-r4C, as shown by paper 
chromatography and paper electrophoresis. This result indicates that the linkage 
formed, by lysozyme transglycosylation, between the Z-acetamido-3-O-(D-l-carboxy- 
ethyl)-2-deoxy-D-glucose unit of the transferred disaccharide and D-galactose in 

trisaccharide 3 is (l-,2). The incomplete recovery of radioactivity from 3a may be 
attributed to losses encountered during the experimental procedure. 

Compound 3 (0.8 pmole per 0.1 ml) failed to give a color when treated with 
the triphenyltetrazolium chloride (TTC) reagent. Sophorose also remained colorless 
at the same concentration, whereas laminaribiose, cellobiose, and gentiobiose (all at 
0.15 pmole per 0.1 ml) gave dark-red formazan precipitates. A negative reaction 
with the TTC reagent in a test for (I-2) linkages2’. 

The results of the methylation procedure applied to compound 2 are given in 
Table III. Only a 2,3,4-tri-O-methyl-D-galactose standard was available, and the 
retenti ontime T for this derivative was found to be just slightly higher, on column (ii), 

than the value obtained by Dr. G. 0. Aspinall. In general, the values observed on 
this column were almost the same as those of Dr. G. 0. Aspinall (personal communi- , 

cation), although column (i) gave Tvalues which were higher* by approximately 20%. 

*Tvalues are not absolute and vary from column to column. However, tbe same degree of resolution 
is found for any liquid phase; and for any particular liquid phase, only a simple conversion factor 
is necessary (Dr. G. 0. Aspinall, personal communication). 
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Assuming that the T values for the 2,3,4-tri-O-methyl- and 2,4,6-tri-O-methyl-D- 
galactose derivatives given by Aspinall would in fact correspond to observed values, 
if such standards were available, it can be seen from Table III that compound 3 
exhibits retention times which cannot be attributed to (l-3), (l-4), or (l-6) 
linkages. Presumably, therefore, the D-galactose unit is (l-+2)-linked, as suggested by 
other results. On the basis of our findings, the structure of compound 3 is O-~-D- 
GNAo(l +4)-U-/?-D-MurNAc-(1 -+2)-D-&l. The assignment of a B-configuration 
to the bond between the 2-acetamido-3-0-(D-l-carboxyethyl)-2-deoxy-D-glucose and 
the D-galactose units is based on the low rotation-value found for compound 3, and 
its similarity to the rotation of compound 2. 

TABLE III 
GAS-LIQUID CHRO~MATOGRAF’HIC DATA FOR bfETHYLATED AND bi?3HAN OLYZED OLIGOSACCHARIDF.Sa 

Methylated and methanolyzed Relative retention times (‘IT) of methyl giycosides 
oligosaccharides Column (i)* Column (ii)c 

2,3,4-Tti-U-methyl-n-galactoso 
2,3,6-Tri-U-methyl-D-galactose 
2,4,6-Tri-0-methyl-D-galactose 
Compound 3 
3,4-Di-U-methyl-D-xylose 
2,3-Di-O-methyl-D-xylose 
2,4-Di-0-methyl-D-xylose 
Compound 4 

6.67, (6.51)d 
(2.85, 3.76, 4.20) 

(3.66, 4.25) 
3.56, 5.97 

1.59, 1.96 1.01, 1.21 
l-77.2.17 1.14, 1.39 
1.86, 2.49 1.15, 1.53 
1.77, 2.17 1.14. 1.39 

=Retention times (T) are quoted relative to methyl 2,3,4,6-tetra-0-methyl+r+gl~copyranoside. 
~Column (i); polyethylene glycol adipate. CColumn (ii), neopentyl glycol adipate. Walues in parenthe- 
ses are those communicated by Dr. G. 0. Aspinall. 

The D-xylose-containing trisaccharide 4, [a]:: - 38.5” (c 0.54, water), was shown 
to be homogeneous and 93% pure by the same criteria as those used for compounds 
2 and 3. Sodium borohydride reduction followed by acid hydrolysis revealed the 
presence of xylitol, but not of D-xylose. The ratio of 2-amino-%deoxy-D-glucose to 
2-amino-3-O-(D-1-carboxyethyl)-%deoxy-D-glucose to neutral sugar was 1.00 to 1.00 
to 1.03. Upon oxidation of compound 4, 3 moles of periodate were consumed, but 
no formaldehyde was released (Table II). This is in agreement with a (l-4) linkage 
to D-xylose, as both (142) and (1+3) linked D-xylose tend to be overoxidized under 
these conditionsz4. In the case of sodium borohydride-reduced 4, the values found 
are consistent with either a (1+2) or (1+4) linkage (Table III). A (l-+3) linked 
D-xylose, on the other hand, would be overoxidized via the malondialdehyde deriva- 
tive24B26, resulting in a periodate uptake higher than that expected for either (1+2)- or 
(144)~linked D-xylose. 

Upon sodium borohydride-periodate degradation of 4a (96,000 c.p.m.), only an 
insignificant amount of radioactivity (400 c.p.m.) was recovered in the non-volatile 
fraction, showing that no 14C-labeled glycerol was formed. Trisaccharide 4 gave a red 
formazan precipitate with TTC indicating the presence of a linkage other than (142). 
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The results of the methylation procedure (Table III) are in agreement with the 

periodate oxidation studies and other experiments, and show that the D-xylose moiety 

in compound 4 is (l-+4)-linked. The structure of this trisaccharide is, therefore, 

O-~-D-GNAC-(I-,~)-O-~~-ISM~~NA~-(~+~)-D-X~~. The assignment of the B-con- 

figuration to the glycosidic bond linking the D-xylose in compound 4 is based on the 
low optical rotation of the trisaccharide. 

Digestion 6~ Zysozyme. - The trisaccharides described were cleaved by lyso- 
zyme at a slow rate, to release the terminal, reducing moieties of their molecules 
(Table IV). 

TABLE IV 

CLEAVAGE BY LYSOZYhlE OF TRISACCHARIDES RESULTING FROM TRANSGLYCOSYLATION’ 

Trisaccharide Mo Iar 
concentrationb 

Time of Percent 
incubation of 
(h) cleavag& 

O-p-D-GNAc-(I-&)-0-B-D-MuNAc- 
(I-Y%)-D-GNAc-lJ‘% (2a) 

O-B-D-GNAc-(I-+4)-0-,!I-D-MurNAc- 
(1-t2)-D-Gal-1-*4C (3a) 

0-fl-D-GNAc-(I-+4)-0-p-D-MurNAc- 
(~-w%)-D-X~~-I-~~C (da) 

2.4 x 10-2 98 1 

3.7 x IO-2 72 12 

7.9 x lo-2 98 4 

=For experimental conditions, see Material and Methods. bA.n appropriate amount of unlabeled 
trisaccharide was added to give the required concentration. CThe percent of cleavage by Iysozyme was 
determined from the amount of radioactive monosaccharide released after papeT electrophoresis 
of the reaction mixture at pH 6.5. 

The structure of the trisaccharides and the mechanism of action of lysozynze. - 
The foregoing experiments, which establish the structure of three trisaccharides 
formed in the lysozyme-catalyzed transglycosylation reaction, show that the enzyme 
can both form and cleave linkages other than p-~-(1 34), such as p-~-(1 +2), and that 

the transfer reaction proceeds with retention of configuration. Formation of linkages 

other than B-~-(1-+4) was in fact suggested from a close examination of the three- 

dimensional model of the enzyme, especially of subsite El*“. Retention of con- 

figuration in the transfer reaction shows that the leaving and incoming groups occupy 

the same site on the enzyme, and strongly implicates the existence of a long-lived 

intermediate, most likely a carbonium ion’. 
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SPECIFIC AND IRREVERSIBLE LYSOZYME INHIBITORS: 

2’,3’-EPOXYPROPYL j?-D-GLYCOSIDES OF 2-ACETAMIDO-2-DEOKY- 
D-GLUCOSE AND ITS OLIGOMERS 

E. W. THOMAS* 

Biophysics Department, Weizmann Institute of Science, Rehouoth (Israel) 

(Received July 25th, 1969; in revised form, September 23rd, 1969) 

ABSTRACT 

The acetylated ally1 j$glycosides of 2-acetamido-2-deoxy-D-glucose, di-N- 
acetylchitobiose, and tri-N-acetylchitotriose are described. Epoxidation with peroxy- 
phthalic acid was followed by catalytic deacetylation to give the corresponding 
2’,3’-epoxypropyl B-D-glycosides. These compounds are specific and irreversible inhi- 
bitors of hen’s egg-white lysozyme. 

INTRODUCTION 

The title compounds (l-3) were synthesized as possible specific reagents for the 
active site of hen’s egg-white lysozyme, using the principle1 of “affinity labelling”. 
2-Acetamido-2-deoxy-D-glucose and its oligomers, di-N-acetylchitobiose and tri-N- 
acetylchitotriose (4), are known to bind to lysozyme, and the association constants 
increase with chain length’. It seemed possible to use these saccharides as carriers of 
alkylating groups strategically placed for reaction with an amino acid residue in the 
active site. Synthetic considerations dictated that the alkylating group be incorporated 
into the aglycone portion of a p-D-glycoside; an epoxide function was chosen, for 
reasons stated below. 

0-CH,-C\H;!ZHr 

I R=H 

2 R=GlcNAc 

3 R = GIcNAc-~-(~~~)-G~NAc 

RESULTS AND DISCUSSION 

Condensation of the appropriate acetylated glycosyl chloride with ally1 alcohol 
under the usual Koenigs-Knorr conditions gave the corresponding ally1 b-D-glyCO- 

*Present address: Department of Radiotherapeutics, University of Cambridge, Great Britain. 
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sides. In each case, epoxidation with peroxyphthalic acid gave the pure epoxide. Cata- 
lytic O-deacetylation the ngave compounds 1-3, formulated as the 2’,3’-epoxypropyl 
j?-D-glycosides. Each glycoside reacted readily with dilute sodium thiosulphate 
solution, liberating hydroxide ions, as expected of epoxides3. 

As reported elsewhere4, compounds 2 and 3 proved to be potent, irreverisble 
inhibitors of lysozyme, 3 being the more effective on a molar basis, as expected in 
light of its higher association constant. By using 14C-labelled 2, 1 mole of inhibitor 
was found to be covalently bound to 1 mole of enzyme at 100% inactivation. This 
demonstrates the high specificity achieved. 

The design of these inhibitors followed examination of a model of the lysozyme- 
4 complex’. Compounds l-3 would be expected to bind in a “non-productive” 
fashion, occupying sub-sites C, B-C, and A-B-C, respectively. The p-epoxypropyl 
function would not significantly interfere with this mode of binding. Further, the 
epoxide group would then be positioned in sub-site D, which contains residues 
35(Glu) and 52(Asp) - the side chains postulated to take part in the bond-breaking 
step’. The reaction of epoxides with carboxyl groups, in particular carboxyIate ions, 
is well documented3. It is hoped that these inhibitors will be useful both in studying 
aspects of the mechanism of action of hen’s egg-white lysozyme, and also in probing 
the active-site geometry of lysozymes from other organisms. 

MPERIMENTAL 

Rotations were determined in semi-micro tubes with a Perkin-Elmer 141 
polarimeter. All melting points are uncorrected. 

Di-N-acetyl-hexa-O-acetylchitobiose and tri-N-ace@-octa-U-acetylchitotriose 
were prepared by acetolysis of chitin 6. They were converted into the corresponding 
glycosyl chlorides by treatment with glacial acetic acid pre-saturated at 0” with dry 
hydrogen chloride. After 20 h, at room temperature, the mixtures were worked up as 
previously described ‘. Peroxyphthalic acid was prepared as described (Org. SJW., 
Coll. Vol. III, p. 619) and stored at - 5” in methylene chloride solution. 

All reactions were followed by t.1.c. on silica gel with ethyl acetate-acetone 
(acetates) or methanol-acetone (free sugars). 

AIZyl 2-acetamido-3,4,6-tri-O-acetyI-2-deoxy-~-~-gIzicopyranoside. - Dry ally1 
alcohol (150 ml), silver carbonate (4.25 g)_ and powdered anhydrous calcium sulphate 
(15 g) were stirred with exclusion of light and moisture for 2 h. 2-Acetamido-3,4,6-tri- 
O-acetyl-2-deoxy-a-D-glucosyl chloride (5.6 g) and silver perchlorate (200 mg) were 
added, and stirring was continued for 6 h. The mixture was then filtered through 
Celite, the filtrate evaporated to dryness, and the residue dissolved in methylene 
chloride. After washing with N HCI, 10% aqueous KHC03, and water, the organic 
layer was dried (MgSO,) and evaporated to a colourless syrup which crystallized on 
triturating with propan-2-01. Recrystallisation from methanol-ether gave material 
(3.5 g, 52%) having m.p. 160”, [a]k3 -15.1” (c 2.06, chloroform). 

Anal. Calc. for C,,H,,NO,: C, 52.7; H, 6.5; N, 3.6. Found: C, 52.5; H, 6.7; 
N, 3.85. 
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The chitobiose analogue, ally1 O-(2-acetamido-3,4,6-tri-0-acetyl-2-deoxy-j?-D- 
glucopyranosyl)-(134) - 0-2- acetamido-3,6-di-O-acetyl-2-deoxy-8-D-glucopyranoside, 
obtained, as above, in 50% yield from the acetylated gIycosy1 chloride of chitobiose, 
had m-p. 242-245”, [a]k3 - 38” (c 2.09, chloroform). 

Anal. Calc. for C2,H4,N,0r6 : C, 51.5; H, 6.2; N, 4.15. Found: C, 51.45; 
H, 6.1; N, 4.4. 

The chitotriose analogue, ally1 0-(2-acetamido-3,4,6-tri-0-acetyl-2-deoxy-Q-D- 
gIucopyranosyl)-(l~4)-0-(2-acetamido-3,6-di-O-acetyl-2-deoxy-~-D-giucopyranosyl)- 
(1-,4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-8-D-glucopyranoside, obtained in 50% 
yield from the acetylated glycosyl chloride of chitotriose, had m-p. 280” (dec.), [a]:: 
-23.0” (c 0.945, chloroform-methanol, 1:l). 

AnaZ. Calc. for C41H59N3023 : C, 51.2; H, 6.2; N, 4.4. Found: C, 50.9; H, 6.0; 
N, 4.4. 

Epoxidation. - The appropriate ally1 glycoside (1 mmole) was dissolved in 
methylene chloride (10 ml) containing peroxyphthalic acid (ca. 2 mmoles), and the 
solution was refluxed gently for 3 h. After cooling to 0”, phthahc acid was filtered off, 
and the filtrate was extracted twice with cold 0.5nr KHCO, and twice with water. 
After drying (MgSO,) and evaporation, the corresponding epoxide (essentially one 
component as shown by t.1.c.) was crystallized from methanol-ether. Yields usually 
exceeded 80%. The following compounds were obtained: 

2’,3’-Epoxypropyl2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranoside, 
m.p. 162-163”, [a]F - 34.4” (c 0.36, chloroform). 

Anal. Calc. for C,,H,,N,O,,: C, 50.6; N, 6.25; N, 3.5. Found: C, 50.7; H, 6.4; 
N, 3.6. 

2’,3’-Epoxypropyl O-(2-acetamido-3,4,6-tri- 0-acetyl-2-deoxy-P-D-gluco- 
pyranosyl)-(1 ~4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-~-D-glucopyranoside, m-p. 
260”, [oiJL3 -53.2” (c 2.15, chloroform). 

Anal. Calc. for C29He2Nz01, : C, 50.4; H, 6.1; N, 4.1. Found: C, 50.5; H, 6.0; 
N, 4.2. 

2’,3’-Epoxypropyl O-(2-acetamido-3,4,6-tri- 0-acetyl-2-deoxy-/3-D-ghtco- 
pyranosyl)-(l~4)-0-(2-acetamido-3,6-di-O-acetyl-2-deoxy-~-~glucopyranosy~)-(l +4) 
-2-acetamido-3,6-di-O-acetyl-2-deoxy-8-D-glucopyranoside, m.p. 288-290” (dec.), 
[or]L3 -29.7” (c 0.59, chloroform-methanol, 1:l). 

Anal. Calc. for C14H59NJ024: C, 50.35; H, 6.1; H, 4.3. Found: C, 49.9; H, 5.8; 
N, 4.55. 

Deacetylation. - The appropriate epoxypropyl glycoside was suspended in dry 
methanol (10% w/v) with rapid magnetic stirring, and treated with methanolic 
barium methoxide to give a final concentration of 0.02hr. After dissolution, precipita- 
tion of the 0-deacetylated products 2 and 3 began within 5 min. After 12 h at 3”, the 
solids were collected, and crystallized from aqeous acetone. Compound 1 was isolated 
by first neutralizing the deacetylation mixture with COz., evaporating to dryness, and 
then proceeding as above. Yields ranged from 50-70%. Compounds 1 and 2 were homo- 
geneous by t.l.c., having R, values of 0.3 and 0.2, respectively, in acetone-methanol 
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(9:l). Glycoside 3 gave one spot on paper chromatograms (isopropyl alcohol-water, 
4:l v/v) when detected by a chlorination procedure*. The following compounds were 
obtained: 

2’,3’-Epoxypropyl 2-acetamido-2-deoxy-B-D-glucopyranoside (l), m.p. 175- 
178”, [a]g -37.4” (c 2.02, water). 

Anal. Calc. for C,,HISNO,: C, 47.65; H, 6.9; N, 5.05; for C11H19N07.HZO: 
C, 44.7; H, 7.1; N, 4.7. Found: C, 44.6; H, 7.0; N, 5.3. 

2’,3’-Epoxypropyl O-(2-acetamido-2-deoxy-B-D_glucopyranosyl)-(1~4)-2- 
acetamido-2-deoxy-/3-D-glucopyranoside (2), m.p. 280-285” (dec.), [a]k3 -33.2” 
(c 2.45, water). 

Anal. Calc. for C19Hz2N2012 : C, 47.5; H, 6.7; N, 5.8; for C19H32NZ012 -H,O: 
C, 45.7; I-T, 6.4; N, 5.6. Found: C, 45.9; H, 6.9; N, 5.6. 

2’,3’ Epoxypropyl O-(2-acetamido-2-deoxy-B-D_glucopyranosyl)-(1~4)-0- 
(2-acetamido-2-deoxy-B_D-giucopyranosyl)-(l~4)-2-acetamido-2-deoxy-8_D-gluco- 
pyranoside (3), m.p. > 300”, [a]h3 -26.9” (c 1.2, water). 

Anal. Calc. for C2,H,,N30, 7 : N, 6.2; for C27H45N3017.HZO: N, 6.0. Found: 
N, 5.8, 6.1. 

Solutions of glycosides l-3 in 0.1~ sodium thiosulphate solution (containing 
1 drop of phenolphthalein indicator) became alkaline within 5 min at room tempera- 
ture3. 
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SYNTHESIS OF 2,PDI-O-METHYL-D-FUCOSE* 

PREM PALS~GH** AND G. A.ADAMS 
Biochemistry Loboratory, National Research Council of Canada, Ottawa 7 (Canada) 

(Received September 23rd, 1969) 

ABSTRACT 

2,4-Di-O-methyl-D-fucose has been synthesized from methyl 6-O-benzyl-cr-D- 
galaciopyranoside by acetonation, methylation at O-2, deacetonation, benzyliden- 
ation, benzylation at O-3, debenzylidenation, tosylation at O-6, methylation at O-4, and 
removal of protective groups. 

INl-RODUCl-ION 

Methylation studies in this laboratory on a fucose-containing lipopolysaccharide 
isolated from a strain of E. coli required the di-U-methyl ethers of D-fucose as 
authentic standards for identification purposes. Of the six possible di-O-methyl 
ethers of D- and L-fucopyranose, only the 2,3-~t*’ and -Lo, and 3,4-~~ dimethyl 
ethers have been synthesized - . 1 3 The 2,4-dimethyl ether of D-fucose is known, 
having been isolated from the antibiotic labilomycin4; 2,4-di-O-methyl-L-fucose is 
also known, having been isolated as a product from partial methylation of methyl 
I_-fucosides’, but no unambiguous synthesis has been reported. The present communi- 
cation reports a synthesis of 2,4-di-U-methyl-D-fucose and a description of its 
properties. 

RESULTS AND DISCUSSION 

Methyl 6-O-benzyl-a-D-galactopyranoside (3), obtained6 from 1,2:3,44sopropyl- 
idene-a-D-galactopyranoside (1) through the derivative 2, gave, on acetonation and 
subsequent methyl&ion, methyl 6-0-benzyl-3,4-O-isopropylidene-2-O-methyl-a-D- 
galactopyranoside (5). Compound 5 was partially hydrolyzed to give methyl 6-O- 
benzyl-2-O-methyl-sr-D-galactopyranoside (6) which on debenzylation afforded 
methyl 2-O-methyl-a-D-galactopyranoside (7). Benzylidenation of 7 and subsequent 
benzylation yielded methyl 3-0-benzyl-4,6-O-benzylidene-2-O-methyl-a-D-galacto- 
pyranoside (9). Debenzylidenation of 9 followed by p-tolylsulfonylation gave methyl 

*Issued as NRCC No. 11257. 
**National Research Council Postdoctorate Fellow 19674969. 
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3-0-benzyl-Z-O-methyl-6-O-p-tolylsulfonyla-D-galactopyranoside (11)). Methylation 
of 18 yielded methyl 3- O-benzyl-2,4-di- O-methyl-B- U-p-tolylsulfonyl-cr-D-galacto- 
pyranoside (X2), which when treated with lithium altinium hydride gave methyl 

-‘CM+ 
3 4 

1 R=H 
R=Me;R’=H;Rk%Ph 

5 R = ti= M&R%. CyPh 
6 R=Cttph 
7R=H 

2 R=CyPh 

_ph$iioR_ OGOR _ @oR -‘OJOH 
OR OR OR 0PIle 

8 R=Me; l?‘=z-l ,o R=Me;RbCH,Ph 13 R=Me;R’=C&Ph 15 

9 R=Me; R’=CHph R’=RlH - 
,, R=Me;R’=CH,Ph 

14 R=Me; R=H 

R-= l-l ; R% Tosy; 
12 R = R-=Me: RhCHZPh 

R% To@ 

3-O-benzyl-6-deoxy-2,4-di-O-mefhyl-cc-D-galactopyranoside (13). Debenzylation of 
13 followed by hydrolysis gave pure 6-deoxy-2,4-di-0-methyl-D-galactose (2,Pdi. O- 
methyl-n-fucose). 

Chromatographic examination of the synthetic 2,4-di-U-methyl-D-fucose 
showed a single spot by paper chromatography and two peaks by g.1.c. (attributed 
to the a and fi anomers). The crystalline sugar had a m-p. similar to that of the 
L enantiomorph, but the specific rotation, opposite in sign as would be expected, 
was signiEcantly greater than that reported for the L form. It gave a crystalline 
anilide. 

2,4-Di-CLmethyl-r+fucose is readily distinguished from the 2,3- and 3,4-di-O- 
methyl derivatives of D- or L-fucose by comparison of their melting points, specilic 
optical rotations, and reaction with periodatele3. 

EXPERIMENTAL 

General. - Evaporations were carried out under reduced pressure. Melting 
points were determined on a Fisher-Johns hot stage and are corrected. Optical 
rotations, determined on a Perkin-Elmer 141 pohuimeter, are equilibrium values 
unless otherwise stated. Methoxyl determinations were made according to Steyer- 
mark’. Paper chromatography was performed on Whatman No. 1 paper in butanone 
saturated with water (solvent -4) and in 4:1:5 butyl alcohol-ethanol-water (solvent B). 
RF and R, values are with reference to solvent front and 2,3,4,6-tetra-O-methyl-D- 
glucose, respectively. G.1.c. was performed on glass columns (120 x 0.5 cm) packed 
with 10% (w/w) butane-l&diol succinate polyester on Chromosorb W (100-120 mesh) 
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(column A) at 150”, and with 10% polyphenyl ether on Chromosorb W (100-120 mesh) 
(column B) at 193”. The gas (argon) pressure was 30 lb. inB2. TG values are retention 
times with reference to methyl 2,3,4,6-tetra-0-methyl-a-D-glucopyranoside. N.m.r. 
spectra were recorded in chloroform-d (tetramethylsilane as internal standard) with 
a Varian A-60A n.m.r. spectrometer. 1.r. spectra were recorded with a Perkin-Elmer 
Infracord spectrometer. Hydrolysis was carried out with 0.5~ sulfuric acid for 4 h 
on a boiling water b&; the hydmlyzate was neutralized by passing through a column 
of Duolite A-4 (OH-), and the eluate was concentrated. 

Methyl 6-0-benzyl-a-D-gaZactopyranoside6 (3). - D-&lactose (C.P. grade, 
Pfanstiehl Laboratories) (100 g) was converted into the 1,2:3,4-di-0-isopropylidene 
derivative 1 by treatment with acetone, anhydrous zinc chloride, and sulfuric acid’. 
Benzylation of 1 in NJV-dimethylformamide with benzyl bromide and silver oxide 
afforded 6-O-benzyl-l,2:3,4-di-O-isopropylidene-D-galactopyranose (2). Compound 
2 was heated at reflux with 3.0% methanolic hydrogen chloride for 3 h. The solution 
was cooled and neutralized with silver oxide, and the filtrate was evaporated to give 
crystalline 3. Recrystallization from ethanol afforded pure 3 (41.0 g, 26%), m.p. 
143-145O; [a]h5 +113.2” (c 1, water). Lit.? m.p. 144-145”; [aID + 113” (water). 

MethyI 6-0-benzyI-3,4-0-isopropyZidene-a-D-gaIactopyr~zoside (4). - Com- 
pound 3 (40.0 g) was stirred overnight with acetone (2 1) and p-toluenesulfonic acid 
(1.0 g). The solution was neutralized with M sodium hydroxide and concentrated. 
The oily residue was extracted with ether, and the ether extract, after washing (water) 
and drying (sodium sulfate), was evaporated to a *thick syrup (35 g, 76%); [a]$ 
+ 101.0” (c 1, methanol); n.m.r. data: T 5.2 (doublet, .T 3.7 Hz, anomeric proton), 
5.41 (singlet, benzylic methylene group), 6.59 (singlet, glycosidic Me group), and 
8.58 (doublet, J 11 Hz, C = Me, group). 

Methyl 6-0-benzyl-3,4-0-isopropylidene-2-O-meihy~-a-D-galactopyr~oside (5). 

- Compound 4 (34.0 g) was twice methylated with Purdie’s reagents (silver oxide 
and methyl iodide) to yield 5 (33.0 g, 93%) as a thick syrup. A small portion of the 
syrup was distilled (b.p. 150”/0.2 mm), to give a product having [a]g f84.0” (c 2.0, 

chloroform); n.m.r. data: additional singlet at o 6.48 (Me at O-2). No hydroxyl-group 
absorption was detected in the i.r. spectrum. 

Anal. Calc. for C,,H,,O,: C, 63.75; H, 7.71; OMe, 18.3. Found: C, 63.88; 
H, 7.74: OMe, 18.0. 

Methyl 6-0-benzyl-2-0-methyZ-a-D-galactopyronoside (6). - A solution of com- 
pound 5 (30.0 g) in methanol (200 ml) and 0.5~ hydrochloric acid (70 ml) was heated 
for 1 h at reflux and neutralized with 2M sodium hydroxide solution, and the solvents 
were evaporated. The residue was extracted with ether, and the ether extract was dried 
(sodium sulfate) and evaporated to give a syrup (24 g, 90%); [a]g + 105.4” (c 0.8, 
chloroform); the n.m.r. spectrum did not show any doublet at z 8.58, thus estab- 
lishing the removal of the isopropylidene group. 

Anal. Calc. for ClSHz206: OMe, 20.8. Found: 18.2. 
MethyZ 2-0-methyl-a-D-galactopyranoside (7). - Compound 6 (23 g) was de- 

benzylated g with sodium metal (30 g) and absolute ethanol (100 ml) for 4 h at 703 
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The suspension was then diluted with water and passed through Rexyn 101 (He). 
The effluent was evaporated to give 7 as a thick syrup (12.2 g, 64%); [OiJg + 180” (c 1, 
methanol). 

Anal. Calc. for CBH,,O,: OMe, 29.81. Found: 29.60. 
MethyZ4,6-0-benzyZidene-2-O-methyI-a-D-gaZactoside (8). - Compound 7 (12 g) 

was shaken overnight with freshly distilled benzaldehyde (30 ml) and anhydrous zinc 
chloride (10 g). A saturated solution of sodium carbonate was added to the mixture, 
and the precipitate that formed was atered off and washed repeatedly with methanol. 
The filtrate and washings were concentrated to a dry residue which was extracted 
twice with petroleum ether (60-SOO), and the solvent extracts were discarded_ The 
residue was extracted with chloroform, and the chloroform extract, after drying 
(sodium sulfate), was evaporated to a solid mass which crystallized from ethanol. 
Recrystallization gave pure 8 (8.5 g, 50%); m-p. 152”; [a]g5 + 165.2” (c 1.6, methanol). 
The n.m.r. spectrum showed the benzylidene tertiary proton as a singlet at t 4.48. 

Anal. Calc. for C,gH200s: C, 60.80; H, 6.80. Found: C, 61.04; H, 6.96. 
MethyZ 3-O-benzyJ~,6-O-benzyJidene-2-O-metJ~yJ~-D-gaJactopyranoside (9). - 

Compound 8 (8 g) was benzylated as described earlier to give 9 which was crystallized 
from ethanol. Recrystallization gave pure 9 (8.1 g, 77%), m.p. 131.5”; [oz]~ + 164.1” 
(c 2.5, chloroform). No hydroxyI-group absorption was detected in the i-r. spectrum. 
The n.m.r. spectrum showed the benzylic methylene group as a singlet at T 5.28. 

Anal. CaIc. for CZzHZ60,: C, 68.38; H, 6.78. Found: C, 68.10; H, 6.69. 
Methyl 3-0-benzyi-2-0-methyl-a-D-galactopyranoside (10). - A solution of 9 

(8 g) in methanol (100 ml) and M hydrochloric acid (8.5 ml) was heated for 5 h at 
reffux. The solution was neutralized with sodium hydrogen carbonate and was 
concentrated to remove methanol. Water (50 ml) was added, and the mixture was 
concentrated again; this procedure was repeated three times. The aqueous suspension 
was extracted with chIoroform, and the extract was washed with water, dried (sodium 
sulfate) and evaporated to give a syrup (6.2 g, 99”/0), [a];’ + 127.8” (c 2, methanol). 
The n.m.r. spectrum showed the absence of the one-proton signal at T 4.48, thus 
indicating the remova of the benzylidene group. 

Anal. Calc. for C15H,,0,: C, 60.39; H, 7.43. Found: C, 59.74; H, 7.26.1 
Methyl 3-0-benzyl-2-0-methyZ~-0-p-tolylsulfolg (11). 

- To a solution of compound 10 (6 g) in dry pyridine (10 ml), cooled to O”, was 
added a cold solution of p-toluenesulfonyl chloride (2.8 g) in dry pyridine (5 ml). 
The mixture was kept for 3 days at room temperature, and on pouring into ice-water 
compound 11 crystallized out. Recrystallization from ethanol gave pure 11 (7.5 g, 
86%), m-p. 108-109°; [a];’ +103” (c 1, methanol). The n.m.r. spectrum showed a 
singlet at t 7.58 attributed to the toluenic methyl group. 

Anal. Calc. for C,2H,sOsS: C, 58.40; H, 6.24; S, 7.07. Found: C, 58.04; 
H, 6.41; S, 6.97. 

Methyl 3-0-benz~~i-2,4-di-O-metJ~yJ-6-O-p-toJyJ~JfonyI-a-D-gaIactopyranoside 

W). - Compound 11(7 g) was methylated as described before to give 12 as a syrup 
(7.1 g, 98%), [a]f: d-95" (c 1, methanol). No hydroxyl-group absorption was detected 
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in the i.r. spectrum. The n.m.r. spectrum showed an additional methyl group as a 
singlet at r 6.41. 

Anal. Calc. for C,,H,,OsS: OMe, 19.95. Found: 19.3. 
MethyZ3-O-benzyZ-6-deoxy-2,4-dZ-O-methyZ-a-D-gaZactopyranoside (13). - Com- 

pound 12 (7 g) was dissolved in 2:l dry ether-benzene (300 ml), and the solution 
was heated with lithium aluminium hydride for 15 h at reflux. The excess of lithium 
aluminium hydride was decomposed with ethyl acetate and ice. The salts were 
filtered off and washed with ether. The filtrate, after being washed with water, was 
dried (sodium sulfate) and was evaporated to a syrupy residue (3.6 g, 71 X); [IX]~ 
+ 137.1” (c 1, methanol). The n.m.r. spectrum showed the disappearance of the 

singlet at P 7.58 (toluenic methyl group) and the appearance of a doublet at T 8.77 
(J 6.1 Hz) due to the secondary methyl group. 

Anal. Calc. for C16HZ405: OMe, 31.4. Found: 30.8. 
MetZzyl 6-deoxy-2,4-di-O-metIzyZ+D-galactopyranoside (14). - Compound 13 

(3.4 g) was debenzylated with sodium metal (4 g) and absolute ethanol (10 ml) as 
described earlier. The solution was diluted with water, and passed through Rexyn 101 
(Ht). The eluate was then evaporated to dryness, and the residue extracted 3 times 
with ether. The ether extract was dried with sodium sulfate, and was evaporated to 
a thin syrup which crystallized. Recrystallization from ether-petroleum ether (30-60’) 
gave 14 (1.4 g, 58%); m.p. 86”; [cx]~ fl64.6” (c I, methanol); lit4: m-p. 86”; 
[cz]~’ + 176” (chloroform). 

Anal. Calc. for C,H,,O,: C, 52.41, H, 8.80; OMe, 45.15. Found: C, 52.3; 
H, 8.67; OMe, 44.9. 

6-Deoxy-2,4-di-0-metZzyZ-D-galactose (2,4-di-0-methyl-D-frrcose) (15). - Com- 
pound 14 on hydrolysis gave 15 (1.2 g, loo%), which showed, on paper chromato- 
grams, only one spot having R, and R, values respectively of 0.41 and 0.52 (solvent A) 
and 0.68 and 0.83 (solvent B). Heating 15 (10 mg) with 3% methanolic hydrogen 
chloride for 6 h at reflux yielded the glycosides which on g.1.c. analysis showed two 
peaks having R, values of 0.96 (medium) and 1.16 (strong; column A) and 0.66 
(medium) and 0.75 (strong; column B). The syrup crystallized after some time, and 
on recrystallization from ether gave pure 2,4-di- O-methyl-D-fucose, m.p. 131.5-l 32” ; 
[z-J2 + 1464 t 100” (c 1, water); reported values4 for 2,4-di-0-methyl-D-fucose, 
m.p. 129”; [a];’ +82” (water); and for 2,4-di-0-methyl-L-fucose5, m-p. 131-132”; 
r4t -85” (water): R, 0.73; R, 0.75 (solvent B). 

Anal. Calc. for C,H,,O,: OMe, 32.29. Found: 32.14_ 
Compound 15 (50 mg) was heated for 6 h at reflux with aniline (31 mg) in 

abs. ethanol (1Oml). The solven^L was removed by evaporation, and the aniline 
derivative was crystallized from ethyl acetate-petroleum ether (30-60”). Recrystal- 
lization gave 2,4-di-0-methyl-N-phenyl-D-fucosylamine, m.p. 154”, [a]:: - 86+ t 61 o 
(3 days, c I, ethanol). 

Anal. Calc. for C14H,,N0,: N, 5.22. Found: N, 4.92. 
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LOCATION OF ACYL GROUPS ON TWO PARTLY ACYLATED 
GLYCOLIPIDS FROM STRAINS OF UstiZago (SMUT FUNGI)* 

S. S. BHATTA CHARJEE*+, R. H. HASKINS, AND P. A. J. GORIN 
National Research Councilof Canada, Prairie RegionalLaboratory, Saskatoon, Saskatchewan (Canada) 

(Received August 22nd, 1969; ia revised form, September 29th, 1969) 

Partly acylated ustilagic acids 8 [from UstiZago maydis (DC), Corda (= U. zeae 
Unger) PRL-1191, consisting of partially estertied fi-cellobiosyl residues glucosid- 
ically linked to long-chain, hydroxylated fatty acids, and a mixture of partially 
acylated derivatives of 4-O-B-D-mannopyranosyl-D-erythritol from Ustilago sp. 

[probably U. nuda (Jens.) ROW. = U. tritici (Pers.) Rostr.] PRL-627 were acetalated 
with methyl vinyl ether, deacylated, and methylated. Vigorous acid hydrolysis of a 
methylated 8 gave 2- and 6-O-methyl-D-glucose (11:9 molar ratio) corresponding to 
2’- and 6-O-acyl substitution of the cellobiose residue. Graded acid hydrolysis of 
methylated 8 gave an O-methyl derivative (9) which yielded, on Smith degradation, 
glycerol and 4-O-methyl-D-eqthritol. Comparison of the p.m.r. spectra of 8 and the 
product of its oxidation by lead tetraacetate suggested C-6 and C-2’ as the locations 
of the acetate and hydroxy acid ester-groups, respectively. Vigorous acid hydrolysis 
of the methylated PRL-627 glycolipid gave o-mannose, its 2- and 4-methyl, and 2,6- 
and 4,6-dimethyl ethers, and erythritol and its D-l- and 2-methyl-, and 1,3-dime- 
thy1 ethers. The positions of the methyl groups corresponded to those of the ester 
groups in the glycolipid. 

INTRODUCTION AND DISCUSSION 

Water-insoluble glycolipids have been isolated from UstiZago maydis (corn 
smut), PRL-119, and UstiZago nuda (loose smut of wheat) PRL-627. PRL-119 
produces compounds termed ustilagic acids (S), which consist of partly acylated 
cellobiosyl residues glycosidically linked in the /?-form to the hydroxyl groups of 
long-chain fatty acids ‘-’ 8. The metabolite from P-627 consists of partly acylated 
PO-~-D-mannopyranosyl-D-eryt.hritols8~10. In order to further elucidate the structures 
of these compounds, the locations of their acyl groups were determined. 

Several methods are now avaiiable for location of acyl groups in carbohydrates. 
P.m.r. spectroscopy may be used with those glycolipids that give well-resolved 
spectra 11*12. A more general method is one in which acyl groups are replaced by 

*Issued as NRCC No 11261. 
l *NRCC Postdoctorate Fellow 1967-1969. 
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U-methyl groups in accordance with the following reaction sequence: (I) protection 
of free hydroxyl groups, (2) deacylation, (3) O-methylation, (4) removal of protecting 
groups. The relative merits of several protecting groups in determining 0-acetyl 
substitution in polysaccharides have been evaluated by de Belder and Norrmani3. 
The phenylcarbonyl protecting group (step 1) formed by reaction of polyols with 
phenylisocyanate’&16 was considered to have disadvantages compared with the 
acetals obtained by using 2,3-dihydro_4H-pyran, methyl vinyl ether or ethyl vinyl 
ether in the presence of p-toluenesulfonic acid”. De Belder and Norrman showed 
that compIete substitution of an U-acetyldextran could be achieved by using the 
methyl vinyl ether reagent, provided that the product was transferred directly to 
a Sephadex column and then chromatographically fractionated. Another comparable 
method for detection of acyl groups, involving nitration at step I, has been described 
by Fink and Hay”. 

Application of the methyZ vinyl ether method to model compounds. - In the 
present investigation the applicability of the methyl vinyl ether method to glycolipids 
was tested by using a number of model compounds (see Fig. 1). Methyl 2-O-acetyl- 

Fig. 1. Model compounds 1-13 for testing the applicability of themethyl vinyl ether method to glyco- 
lipids. 

B-D-glucopyranoside (1) was substituted with 0-( 1 ‘-methoxyethyl) groups by treat- 
ment with methyl vinyl ether in N,N-dimethylformamide in the presence of p-toluene- 
sulfonic acid. The product 2 did not absorb in the hydroxyl region (3600 cm- ‘) of 
the infrared_ Subsequent consecutive deacetylation and methylation with Purdie’s 
reagent to give 3, followed by acid hydrolysis, o save 2-O-methyl-D-glucose (4). In a 
similar manner, methyl 6-U-acetyl-/I-D-glucopyranoside was converted into 6-0- 
methyl-D-glucose. Also, a sophoroside lactone 5 was converted into a mixture of 
6-O-methyl-D-glucose (7) and 4,6-di-O-methyl-D-glucose (6), in accord with the 
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structure based on p.m.r. spectroscopy and glycol-cleavage reactions’ I. Methyl 
2,3-di-0-acetyl-$-D-glucopyranoside, on treatment with methyl vinyl ether-acid, gave 
a mixture of 4,G-di-O-(l’-methoxyethyl)- and 4,6-O-ethylidene derivatives, which 
both gave rise to 2,3-di-O-methyl-D-glucose after following the usual reaction 
sequence. In all of these cases crystalline products were obtained and byproducts 
were not detected. 

Location of acyl groups in acylated ustilagic acids. - Cstikago maydis PRL-119, 
when grown in an aqueous medium, produces a mixture of insoluble solid glycolipids 
called ustilagic acidslm3, which have antibiotic activity’. The glycolipids are partly 
acylated. Deacylation provides two compounds: one has a cellobiosyl residue7 
&linked to a hydroxyl group of 15,16-dihydroxyhexadecanoic acid, and the other 
has a similar carbohydrate portion with 2,15,16-trihydroxyhexadecanoic acid as the 
aglycon6. The mixed, partly acylated glycolipids have a neutralization equivalent of 
801, a saponification equivalent of 396, and i-96 D-glucose units. Each molecule 
contains, on the average, 2.0 acyl substituents, which are acetate (1.0 mole/mole), 
L-3-hydroxyhexanoate (0.7 mole/mole), L-3-hydroxyoctanoate (0.3 mole/mole), and 
hexanoate (0.05 mole/mole)4*5. 

The crude UstiZago maydis PRL-119 glycolipids were acetalated with methyl 
vinyl ether in de presence of p-toluenesulfonic acid. The product, which did not 
show hydroxyl absorption in the infrared, was successively deacylated and methylated. 
Hydrolysis of the methylated product with aqueous acid gave, on a paper chromato- 
gram, a spot in the region for a mono-O-methyl-D-glucose. Since the acylated glyco- 
lipids contain 2.0 moles of acyl groups per mole, the D-glucose residues rather than 
hydroxy fatty acid units are partially acylated. 

The mono-O-methyl-D-glucoses were isolated by preparative paper chromato- 
graphy and shown to be free of 3-O-methyl-D-glucose, since the derived methyl 
D-glucosides were completely oxidized with sodium periodate. Gas-liquid chromato- 
graphy (g.1.c.) of the trimethylsilyl (t.m.s.) ethers of the mono-O-methyl-D-glucoses 
gave two peaks having retention times of 49 and 65 min (11:29 ratio) eliminating 
PO-methyl-D-glucose (retention time of t.m.s. ether; 40 min) as a possible component. 
Since the t.m.s. ethers of 2-U-methyl-D-glucose give two peaks having retention 
times of 49 and 67 min (1:l ratio) and the corresponding 6-derivative gives a single 
peak having a retention time of 65 min, the unknown must contain 2-O- and 6-U- 
methyl-D-glucose (10 and 11). The peak areas of the t.m.s. derivatives therefore 
indicate a respective ratio of 11:9. This in turn shows that the 2’- and 6-positions of 
the two o-glucopyranosyl units of the acylated ustilagic acids are each substituted 
with acyl groups to an almost equal extent. 

These results are ambiguous, however, since it is not known which of the 
D-glucopyranosyl units is acylated in the 2- or 6-positions. In order to determine 
the exact location of substitution, the acylated ustilagic acids 8 were successively 
treated with methyl vinyl ether-acid, deacylated, methylated, and partially hydrolyzed 
to remove the (l’-methoxyethyl) acetal groups. Periodate oxidation of the product 
9, followed by sodium borohydride reduction and acid hydrolysis, gave glycerol (13) 
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and 4-0-methyl-D-erythritol(l2) as the only significant products. These were detected 
by g.1.c. of their acetates and by paper chromatography. They arise, respectively, 
from a 2’-U-acylated non-reducing D-glucopyranosyl end-unit and an adjacent 
D-glucopyranosyl residue acylated in the 6-position. These results indicate that the 
PRL-119 glycolipid consists largely of structure 8. 

The locations of the acetyl, hydroxyhexanoyl and hydroxyoctanoyl groups 
on the acylated ustilagic acids were determined following oxidation by lead tetra- 
acetate. By using pyridine lg (dried over phosphorus pentaoxide) as solvent almost 
2 moles/mole of oxidant were consumed at a measurable rate until the 1,2-glycols 
were almost cleaved (Table I). Under these conditions the related methyl 2-O-acetyl- 

TABLE I 

UPTAKES OF LEAD ~~~AACFTATE n-4 PYRIDINE AT 0” (MOLE/MOLE) 

Substrate Time 

0.2 h 0.5 h 1 h 2h 3h 5 h 

Acylated ustilagic acids 0.22 0.59 0.91 1.42 1.50 1.72 
Methyl 2-O-acetyl+D-glucopytanoside 0.13 0.31 0.51 0.60 0.71 0.77 

&D-glucopyranoside consumed almost 1 mole/mole of oxidant, no deacetylation 

taking place (Table I). The oxidation product obtained from the acylated ustilagic 
acids was isolated and its p.m.r. spectrum was compared with that of the starting 
material. The spectrum of the latter in pyridine (Fig. 2) showed four signals connected 

Fig. 2 P.m.r. spectrum of the starting material. 

wi+& acyl substitution. These are: (I) the triplet at z 4.70; J = 8 Hz, from H-2’ on 
the sugar end-unit; (2) the doublet at z 7.32, J = 7 Hz from the two a-protons of 
the hydroxyhexanoyl and hydroxyoctanoyl ksters; (3) a 3-proton signal at t 8.26, 
from the acetate group; and (4) a 3-proton triplet at 7 9.40; J = 7 Hz, from the 
C-CH, group of the hydroxy esters. In the less well-de&ed spectrum of the oxidation 
product it was noticeable that the acetate signals remained at z 8.26 and the cc-protons 
of the hydroxyhexanoate and hydroxyoctanoate esters could not be detected at 
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z 7.32. These observations are consistent with the majority of acetate groups being 
located on C-6 of the middle D-glucose unit of the acylated ustilagic acids and 
hydroxyesters situated at C-2’ of the D-glucose end-unit. The hydroxyester methylene 
signal was affected, iu the oxidation product, either by the presence of a newly 
created aldehyde group or, more likely, the hydroxy ester was hydrolyzed during 
the isolation procedure. Esters or-related to an aldehyde group are hydrolyzed readily 
in the presence of waterzO. 

Location of acyl groups in acylated 4-O-~-D-m~nOpyr~OSysyl-D-erythritOI. - 

UstiZago nzrda PRL-627, in aqueous medium, forms a mixture of a soluble meta- 
bolite’*’ and an “oil”, heavier than water*. The soluble material is 4-U-P-D-manno- 
pyranosyl-D-erythritolgS1 ’ and the “oil” consists of the disaccharide partially 
esterified with acetate and C, to C,, (and possibly C,,) fatty acids. Myristate, palmitate, 
and stearate esters predominate ‘. In the present study, the oil from Ustilago nuda 

PRL-627 was fractionated by column chromatography on silicic acid. Elution with 
chloroform gave 26% of free fatty acids, and washing with methanol gave 74% of 
glycolipids. The acids had 12 to 18 carbon atoms, with palmitic and oleic acids as the 

main components (Table II), as shown by g.1.c. of their methyl esters. Methanolysis 
of the glycolipids gave fatty acid methyl esters of the same chain-iength, but in 
somewhat difl’erent proportions (Table II). 

TABLE II 

FATTY ACID COhlPONENTS IN FREE ACIDS AND GLYCOLIPID FROM Ustirago nude PRL-627 

Fatty acids from U. nuda % Composition, as methyl esters 

From free acid mixtwe From acyl residues 

bound to gfycolipid 

Laurie acid 3.9 
My&tic acid 7.8 
Myristoleic acid 2.7 
Palmitic acid 52.4 
Palmitoleic acid 6.5 
Stearic acid 4.4 
Oleic acid 22.1 
CZIJ acids trace 
CSZ acids trace 

6.2 
13.5 
4.8 

41.0 
11.2 
2.1 

21.1 
trace 

The mixture of fatty acid and glycolipid was acetalated with methyl vinyl 
ether-p-toluenesulfonic acid, and the product was successively deacylated, methylated, 
and hydrolyzed with hot aqueous acid. Paper chromatography of the resulting 
mixture showed that it was complex, consisting of erythritol, mono-U-methyl-D- 
erythritol(s), di-O-methyl-D-erythritol(s), mannose, mono-O-methyl-D-mannose( 
and di-O-methyl-D-mannose( 

The erythritol derivatives were characterized as erythritol, l-O-, and 2-O- 
methyl-o-erythritol and 1,3-c&U-methyl-~erytbritol, by g.1.c. of acetylated mixture. 
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The acetate of the latter was chromatographically distinguishable from the acetates 
of 1,2- and 2,3-di-O-methylerythritol. The peak area ratios of the four components 
are presented in Table III. 

TABLE III 

G.L.C. IDENTIFICATION AND RELATIVE PEAK AREAS OF DERIVATIVES OF o-?vIETHYL FRAGMENTS OBTAINED 

FROM PRL-627 GLYCOLIPID 

Peracetate of 0 Relative peak area Retention time (min) 

Erythritol 2.0 
I-O-Methyl-D-erythritol 2.8 
2-0-Methyl-D-erythritol 2.1 
1,3-Di-0-Methyl-~-erythritol 2.1 

12 
6.6 
7.5 
4 

o-Mannose 2.2 47 
2-O-Methyl-o-mannose 1.8 34 
4-O-Methyl-D-mannose 1.8 26 

2,6-Di-0-Methyl-D-manose 3.0 38 
4,6-Di-0-Methyl-D-mannose 3.5 22 
Unknown 1.8 29 

aThe peracetates of 1,3-, 2,3-, and 1,2-di-0-methyl-erythritol have retention times of 4.0, 4.4 and, 
3.6 min, respectively on the 8 ft x l/4 in. nitrile silicone gum XE-60 column maintained at 170”. 
bathe t.m.s. derivatives of the methyl 6-0-methyl-&-~-mannopyranosides have a retention time 
of 40 min on the 12 ft x l/4 in. neopentyl glycol succinate column maintained at 140”. 

The di-O-methyl-D-mannose fraction, contaminated with mono-O-methyl-D- 
erythritol, was isolated from paper chromatograms and was shown to consist of a 
mixture of 2,6- and 4,6-di-U-methyl-D-mannose by g.1.c. of the methyl glycosides 
and the t.m.s. ethers of the methyl glycosides21. The mono-O-methyl-D-mannose 
fraction, isolated from paper, was contaminated with erythritol. It was shown to be 
free of 3-U-methyl-D-mannose since the methyl glycosides obtained by refluxing 
with methanolic hydrogen chloride were completely oxidized with sodium periodate. 
G.1.c. of the t.m.s. ethers of the mono-0-methyl-D-mannose mixture showed that 
2-O- and 4- U-methyl-D-mannose were present and 6- 0-methyl-D-mannose was 
absent (for retention times see Table III). P.m.r. spectroscopy of the free sugars 
gave two signals of almost equal intensity in the H-I region arising from the two 
possible isomers, 2-O- and 4-0-methyl-D-mannose. A peak-area ratio of mannose, 
mono-O-, and di-0-methyl-D-mannoses was obtained on g.1.c. of the t.m.s. deriva- 
tives of the original mixture of mannose and erythritol derivatives. The ratio of peak 
areas given in Table III show the compounds present in significant amounts. It can be 
seen that PRL-627 metabolite is a complex mixture, consisting of 4-U-B-D-manno- 
pyranosyl-D-erythritol with acyl substitution on several of the hydroxyl groups. The 
chemical nature of the substituent(s) at each hydroxyl group was not determined. 
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EXPERIMENTAL 

Evaporations were carried out under diminished pressure. 1-r. spectra were 
obtained from films by using a Perkin-Elmer Model 21 spectrophotometer. G.1.c. 
analyses of sugar derivatives were performed with an apparatus of conventional 
design with themral-conductivity detectors and helium (40 lb.in-’ injection pressure) 
as the mobile phase. A copper column (12 ft x l/4 in. outside diameter), packed with 
2% neopentyl glycol succinate on Chromosorb W, was used at 140” for t.m.s. deriva- 
tives. Methyl di-O-methyl-o-hexopyranosides were fractionated at 190’. An g-ft 
column of 2% nitrile silicone gum XE-60 at 170” was used to fractionate acetates of 
erythritol derivatives. For analyses of fatty acids g.1.c. was carried out on a column 
(8 ft x l/8 in.) of 5% 1,3-propanediol succinate on Chromosorb W (acid-washed; 
60-80 mesh) at 185”, with a flame-ionization detector. Flow rates of helium and 
hydrogen were 40 ml/min and 30 ml/min respectively. P.m.r. spectra were obtained 
with a Varian HA-100 spectrometer_ Tetramethylsilane was used as standard and 
chemical shifts are expressed as t values. T.1.c. was carried out on Silica Gel G, and 
50% sulfuric acid was used as a charring reagent. Specific rotations were determined 
at 25”. Gaseous methyl vinyl ether, obtained from K and K Laboratoires, Inc., 
Plainview, N. Y., was condensed by passage through an acetone-Dry Ice bath. 

All starting materials were dried, and reactions were performed under anhydrous 
conditions. Paper chromatography was carried out by using 40:11:19 (v/v/v) butyl 
alcohol-ethanol-water as solvent and ammoniacal silver nitrate and p-anisidine 
hydrochloride as spray reagents were used when appropriate. 

General procedure for the replacanetlt of O-acyI groups with O-methyl groups. - 
A. Reactions with nzethyZ vinyZ ether. The partially acylated starting material (0.1-I .O g) 
was dissolved in IO-20 ml of a suitable solvent (benzene, N,N-dimethylformamide). 
p-Toluenesulfonic acid (10-50 mg), initially dissolved in a small amount of solvent 
containing Drierite was added to the cooled (lO-ISo) solution. The mixture was 
stirred for 2 min and excess methyl vinyl ether (2-5 ml) was added, and stirring was 
continued for 30-90 min at 10-15” until a yellow color developed. Anhydrous 
potassium carbonate was then added, the suspension stirred for 1 h and the unreacted 
methyl vinyl ether was allowed to evaporate. The reaction mixture was diluted with 
more solvent, filtered, and evaporated to dryness. Complete substitution of hydroxyl 
groups with O-(1’-methoxyethyl) groups was shown by the absence of i.r. absorption 
in the 3600 cm- ’ region. In several cases, one or two further treatments with methyl 
vinyl ether were necessary in order to achieve complete substitution. 

B. 0-Deacylation of 0-( I’-nzethoxyetlzyl) derivatives. Deacylation could be 
effected by treatment with 0.1 equivalent of 0.1 M sodium methoxide in methanol or 
with lithium aluminum hydride in ether-dichloromethane (in the absence of a 
potential reducing sugar). In most cases, complete deesterification could be shown by 
the absence of i.r. absorption in the 1720 cm-’ region. 

C. Methylation. Deesterified material was methylated according to Purdie’s 
method22 or by Kuhn’s procedure23. 
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II. Hydrolysis. O-(l’-methoxyethyl) groups were removed by treating the 

methylated product with refluxing 3% methanolic hydrogen chloride for 15 min, by 
heating with 50% aqueous acetic acid for 10 min at lOO”, or with M sulfuric acid 
for 18 h at 100”. 

Conversion of setieral known O-acetyI derivatives to their corresponding methyl 

ethers. - A. Methyl 2-0-acetyl-j?-D-glucopyranoside into 2-0-methyl-D-glucose. Methyl 
2-O-acetyi-j?-D-glucopyranosidez4 (100 mg) was converted into 2-O-methyl-D-glucose 
(70 mg) by the above reaction sequence with NJV-dimethylformamide as acetalation 
solvent and hydrolysis with M sulfuric acid. The product was homogeneous by paper 
chromatography. It crystallized from methanol, having m-p. 153”, and was identical 
with an authentic sample of 2-O-methyl-j&D-glucose” (by g.1.c. of t.m.s. derivatives 
and mixed m.p. 153-l 55”). 

B. Methyl 6-O-acetyl$-D-ghtcopyranoside into 6-0-methyl-D-glucose. Methyl 
6- O-acetyl-j?-D-glucopyranoside *6 (100 mg) was similarly converted into 6-O-methyl- 
!x-D-glucose (75 mg) identical in all respects (g.1.c. and mixed m-p. 140-142”) with an 

” authentic specimen . 6-Q-Methyk-D-glucose (15 mg) also could be obtained from me- 
thyl 6-O-stearoyl+D-glucopyranoside 24 (50 mg) by the application of the same process. 

C. Methyl 2,3-di-O-acetyl-/3-D-glucopyranoside into 2,3-di-O-methyl-D-glucose. 

The methylated product obtained from methyl 2,3-di-O-acetyl-P-D-giucopyranoside2’ 
(250 mg) by the described reaction sequences (benzene as acetalation solvent) when 
de-esterified, gave a mixture (200 mg), a part of which was resolved into two fractions 
by silicic acid column chromatography [solvent 2:l (v/v) chloroform-acetone]. 

Fraction I (8 mg) could be identified as methyl 4,6-O-ethylidene-2,3-di-U- 

methyl-B-D-glucopyranoside, having m.p. 108-l IO” and [o;lg -45” (c 0.5, chloroform) 
and p.m.r. data (Ccl,): T 5.45 (quartet, J = 5 Hz, ethylidene H), 5.96 (doublet, 
J = 7 Hz, anomeric H), 6.53, 6.56, 6.70 (singlets, 3 OCH& 8.73 (doublet, 
J = 5 Hz, CH3 of ethylidene). Lit.” m-p. 109-l 11” and [pr]h5 -47.8” (chloroform). 

Fraction 2 (50 mg) was hydrolyzed with hf sulfuric acid at 100” and was identi- 
fied as 2,3-di-O-methyl-~-D-glucose (identical g.1.c. retention time and mixed m-p. 
108-I 10”30). 

D. Conversion of sophoroside Iactone 5 into 6-O-metfryi- and 4,6-di-O-methyl- 

D-glucose (7 and 6 respectice&). The sophoroside lactone’ ’ 5 (200 mg) was treated 
with methyl vinyl ether in N,N-dimethylformamide and the resulting product was 
deesterified with lithium aluminum hydride in 1: 1 dichloromethane-diethyl ether 
for 45 min. The product gave no ester absorption in the i-r. Purdie methylation of 
the deesterified product and subsequent hydrolysis with M sulfuric acid (10 h, 100”) 
gave a material which contained mono- and di-O-methyl hexoses, as shown by 
paper chromatography. Preparative paper chromatography of a portion of the 
above material gave 5 mg of 6-O-methyl-D-glucose, which was crystallized from 
ethanol and had m.p. and mixed m-p. 140-142”27. Also 6 mg of 4,6-di-O-methyl-a- 
D-glucose was isolated (crystallized from ethyl acetate), which had m-p. and mixed m.p. 
154-l 56”. Lit.3 ‘: m.p. 156-l 58”. 

Eflect on 0-acetyl substituent during tire introduction and removal of O-(1’- 
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methoxyethyl)-grmps_ - Methyl 2,3,4,6-tetra-U-acetyl-E-D-glucopyranoside (100 mg) 
was treated with methyl vinyl ether for 1 h in benzene according to the general 
procedure. Crystallization of the colored material from methanol gave 86 mg of 
the starting material (m-p. and p.m.r. spectrum). 

The p.m.r. spectrum of the reaction product of methyl 2-0-acetyl-/3-D-gluco- 
pyranoside with methyl vinyl ether was examined, although it was very complicated. 
The ratio of the CHs-C-H to CH,-C-O- was 3:l. When the above material was 
heated for 10 min at 100” with 50% aqueous acetic acid and the solvent was subse- 
quently removed under diminished pressure, only methyl 2-O-acetyl+D-gluco- 
pyranoside was formed (identnied by p.m.r. spectrum and mixed m-p.). 

hestigation of unknown, partially esterified nahal products. - Partially 
acylated rtstilagic acids from PRL-i19. Crude partially acylated ustilagic acids5 
(8, 1 g) in N,N-dimethylformamide were treated with methyl vinyl ether. After IWO 
treatments, a portion of the product (0.8 g) was soluble in chloroform or benzene. 
The soluble portion did not contain free hydroxyl groups (i.r. spectrum). The 
insoluble portion (0.3 g) was partially substituted and could be dissolved in chloroform 
or benzene after further treatment with methyl vinyl ether. The completely substituted 
material (0.4 g) was treated (6 h) with sodium methoxide in methanol, and then 
methylated. Hydrolysis of the methylated product with Af sulfuric acid (16 h, 100”) 
gave a colored syrup (100 mg) which gave one spot on a paper chromatogram with 
the p-anisidine and silver nitrate sprays. Purification of the above syrup (50 mg) by 
preparative paper chromatography afforded a colorless material (35 mg) which 
consumed 1.2 moles/mole of lead tetraacetate, and a part of the starting material 
remained as unoxidized mono-O-methyl-D-glucose as shown by t.1.c. [solvent 1:l 
(v/v) chloroform-acetone] and paper chromatography. The purified syrup was refluxed 
with 3% methanolic hydrogen chloride for 4 h to give methyl D-glucosides, p.m.r. 
spectrum (in D,O: doublets (J = 4 Hz) at z 4.52 and 4.76 for two anomeric protons 
in a ratio of 1:l). Treatment of the D-glucoside mixture with sodium periodate 
oxidized all of the starting material (t.1.c.) fsolvent 2:l (v/v) chloroform-acetone] 
eliminating the possibility of methyl 3-CLmethyl-D-glucopyranoside. Formation of 
formic acid indicated the presence of methyl 6-0-methyl-n,j?-D-glucopyranosides. G.1.c. 
(t.m.s. derivatives) comparison of the mono-O-methyl-D-glucose fraction with 
standard samples also suggest that is consisted of 2-O- and 6-O-methyl-n-glucoses 
(retention times of 49 and 67 min, I:1 ratio and 65 min, respectively). The t.m.s. 
ether of 4-O-methyl-D-glucose has a retention time of 40 min. 

In another experiment, the 0-methylated, 0-( 1 ‘-methoxyethyl) derivatives 
obtained from acylated ustilagic acids was heated with 50% aqueous acetic acid 
(10 min, 100°) to remove 0-(1’-methoxyethyl) groups. The partially 0-methylated, 
hydroxy fatty acid glycoside obtained after removal of acetic acid was oxidized 
with sodium periodate (excess was destroyed by ethylene glycol), reduced with 
sodium borohydride and hydrolyzed with M sulfuric acid (4 h, 100°). The hydrolyzate 
contained glycerol and 4-O-methyl-D-erythritol only Cpaper chromatography, t.1.c. 
with solvent 1: 1 (v/v) chloroform-acetone, and g.1.c. of acetates)_ 
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Lead tetraacetate oxidation of acylated ustiiagic acids 8 and methyl .?-O-acetyl- 
j?-D-ghxopyranoside (1). -The oxidations were carried out according to the procedure 
of Golds&mid and Perlinlg, with one modification. The pyridine (250ml) used 
was dried by shaking for 30 min with phosphorus pentaoxide (15 g) followed by 
refluxing for 1 h prior to distillation. Compounds 1 and 8 were oxidized with approx. 
2% lead tetraacetate in pyridine (10 ml) at 0”. The uptakes of oxidant over a period 

of time are recorded in Table I. The foregoing reaction was repeated on 8 (100 mg). 
After 18 h erythritol(1 g) in pyridine (20 ml) was added and after a further 3 h at 0” 
the solution was evaporated to a syrup. This was dissolved in a mixture of ethyl 

acetate and sufficient M sulfuric acid to acidify the solution. The precipitate of PbSO, 
was llltered off, the ethyl acetate shaken twice with water, dried (MgS04), filtered 
and evaporated to a syrup (82 mg). 

Water insoluble glycoiipids from Ustilago nuda PRL-627_ - Ustilago nuda 

PRL-627 glycolipid (1 g) was treated in N,N-dimethylformamide with methyl vinyl 

ether in the usual manner, and the product was deesterified and then methylated. 
The hydrolyzate (200 mg) obtained by heating with hl sulfuric acid (6 h, 100°) was 
examined by paper chromatography, which revealed the presence of mannose, 
mono-U-methyl-D-mannose( di-0-methyl-D-mannose( erythritol and mono-O- 
methyl-D-erythritol(s). A portion of the above hydrolyzate was resolved by prepara- 
tive paper chromatography, and the following fractions were isolated. Fraction I 
(5 mg) comprised of D-mannose only. Fraction 2 (10 mg) contained erythritol and 
mono-0-methyl-D-mannose( as indicated by paper chromatography_ The p.m.r. 
spectrum of this mixture showed two aldose H-l doublets (J = 1.5 Hz) with equal 
intensity at r 4.42 and r 4.70 (2-O-methyl and 4-0-methyl-D-mannose) respectively. 
There were two other minor signals (J = 2 Hz) in the H-l region. Treatment of 

fraction 2 with 3% methanolic hydrogen chloride (4 h, reflux) gave methyl glycosides 
that were completely oxidized by sodium periodate [t.l.c. with 2:l (v/v) chloroform- 
acetone] indicating the absence of 3-O-methyl-D-mannose. This fraction, therefore, 
contained 2-0-methyl-D-mannose and 4-O-methyl-D-mannose in equal amounts, in 
addition to erythritol since the possibility of 6-O-methyl-D-mannose could be elimi- 
nated on the basis of g.1.c. comparison with standard compounds. 

The following compounds were used in characterization of Fraction 2. Samples 
of 6-O-methyl-D-mannose and 4-U-methyl-D-mannose could be obtained by treating 
methyl 6-O-methyl-2,3-O-methylene-a-D-mannofuranoside3z and 1,6-anhydro-2,3- 
0-benzylidene40-methyl-B-D-mannopyranose”, respectively, with M sulfuric acid 
(16 h, 100’). 2-O-Methyl-D-mannose was obtained by methylation of methyl 3-0- 
benzyl-4,6-O-benzylidene-a-D-mannopyranoside33_ T.m.s. derivatives of 4-O-methyl-, 
2-U-methyl-, and 6-0-methyl-D-mannoses have retention times of 30,32, and 34min, 
respectively. Fraction 3 (10 mg) consisted of mono-0-methyl-D-erythritol(s) and 
di-O-methyl-D-mannose( as indicated by paper chromatography. G.1.c. exami- 
nation” of this fraction following treatment with methanolic hydrogen chloride 
showed the presence of the methyl glycosides 2,6- and 4,6-di-U-methyl-D-mannose. 

In order to characterize and roughly estimate erythritol and its derivatives 
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the complex mixture of mannose, erythritol and their partly methylated derivatives 
were converted into their acetates and fractionated by g.1.c. on an S-ft silicone nitrile 
gum XE-60 column at 170”. With this column each of the possible mono-O- and 
di-0-methyl-erythritol peracetates could be resolved (see Table III). 1,3-Di-U- and 
1,2-d& 0-methylerythritol standards were prepared from I ,3-O-j 4 and 1,2-0-(2’- 
hydroxyethylidene)-erythritols3 5, respectively, by treatment with Purdie’s reagent 
followed by acid hydrolysis. 4O-Methyl-D-erythritol and 2-0-methyl-D-erythritol 
were prepared from 6-O- and 4-O-methyl-D-glucose, respectively, by oxidation with 
lead tetraacetate36 followed by reduction with sodium borohydride. 

The D-mannose derivatives could also be estimated roughly by conversion of 
the same mixture to the t.m.s. derivatives which were then subjected to g.1.c. on 
neopentyl glycol succinate (see Table III). 
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ABSTRACT 

The gelling temperature of 1.5% agarose sols was found to increase with 
increasing methoxyl content of the agarose. Of about 50 preparations tested, only 3 
failed to follow this pattern. High methoxyl-type agaroses could be fractionated into 
portions of higher and lower methoxyl content having correspondingly higher and 
lower gelling temperatures. 

INTRODUCTION 

Since Araki’s’ original fractionation of agar into a neutral, gelling fraction, 
agarose, and an anionic non-gelling fraction, agaropectin, other methods have been 
developed to effect the fractionation_ For small-scale preparation, the quaternary 
ammonium salt precipitation method of Hjerten’ proved advantageous by yielding 
stronger-gelling agarose of better color with greater ease. A modification of this 
process, wherein carrageenan or a similar polyelectrolyte is added to the agar to 
coprecipitate with the agaropectin as the quaternary ammonium salt, was patented by 
Blethen3 and thus provided a commercially feasible process. At approximately the 
same time, Russell, Mead, and Polson4 devised another means of fractionating agar. 
By adding polyethylene glycol of molecular weight about 60@0 to an agar sol, agarose 
was precipitated. It is claimed in a commercial process patented by Hyland Labora- 
tories’ that treatment of agar with pectin&e or a calcium sequestrant renders the 
sulfated polysaccharides cold-water so!uble so that subsequent washing removes them, 
leaving behind the neutral, strong-gelling polymer. More recently, the use of diethyl- 
aminoethyl celhtlose to remove agaropectin was patented by Zabin6. 

In the course of testing agar for agarose preparation, a number of variations 
were observed in commercial agar samples. In addition to such familiar differences as 
gel strength and sulfate content, it was noted that agars from certain sources generally 
led to slight gelation of the 2-propanol when the agarose was precipitated in alcohol 
as part of the normal process. Since the gelation indicated a moderate degree of 
solubihty in alcohol, it was concluded that this type of agarose must be functionally 
different from that which did not cause gelation. Araki’ reported in 1965 that agarose 
from certain agarophytes (among them, Gracilaria spp.) had much higher content of 
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6-O-methyl-D-galactose than the agarose from certain others. Since a methyl ether 
could confer some measure of alcohol solubility upon a relatively small polysaccharide 
such as agarose, which already contains one hydrophobic group in the form of 
3,6-anhydro+galactose, methoxyl analyses were carried out to seek a correlation 
between methoxyl content and alcohol solubility. Furthermore, it was known that 
some of the agaroses which caused gelation of the alcohol came from Gracilaria agar. 
Another general characteristic of Gracilaria agars is their high gelling temperature’. 
Thus, it appeared that partial alcohol solubility, methoxyl content, and gelling 
temperature might, in some way, be related. 

This paper presents the results of experiments that show a correlation between 
the methoxyl(6-0-methyl-D-galactose) content and gelling temperature of a number 
of agarose samples. 

RESULTS AND DISCUSSION 

Table I presents the data on the various preparations investigated in this study. 
All agaroses were prepared by the method of Blethen3 in this laboratory, using U. S. 

TABLE I 

ANALYSES AND PROPERTIES OF AGAROSE PREPARATIONS 

Sample Gel temp.a OMe (%) so4 (%) Ash (%) Gel strength SOUJVX 

No. (degrees) (g)b 

1 35 0.39 0.66 0.75 1193 Unknown 
2 35.5 0.37 0.31 0.33 840 Unknown 
3 35.5 0.43 0.39 0.46 759 Unknown 
4 36.3 0.6i 0.44 0.58 750 Unknown 
5 36.5 0.72 0.57 0.97 830 Unknown 
6 36.5 0.73 0.40 0.92 865 Unknown 
7 36.5 0.82 0.69 1.12 733 Unknown 
8 38.5 0.64 0.11 0.24 1270 Gracilariac 
9 39 0.89 0.17 0.49 a Gracilariac 

10 39.5 1.39 0.48 0.58 535 Unknown 
II 40 1.07 0.17 0.43 1133 Graciiaria= 
12 40 1.55 0.45 0.61 718 unknown 
13 40 1.62 0.35 0.84 980 Gracilariac 
14 40.5 1.61 0.41 0.62 873 Unknown 
15 40.5 1.63 0.35 0.31 970 Gracilnriac 
16 40.5 1.65 0.33 0.62 980 Gracilariac 
17 40.5 2.20 0.68 0.88 673 Unknown 
18 41 I .72 0.38 0.61 1000 GraciIaria= 
19 41 1.74 0.33 0.66 736 Kobe 
20 41 1.76 0.38 0.62 1150 Gracilariac 
21 41 2.03 0.36 0.64 1155 Gracilcriac 
22 41.5 1.49 0.77 0.89 1067 unknown 
23 41.5 1.68 0.23 0.53 808 urlknown 
24 42 2.00 2.08 1.34 803 Unknown 
25 42 2.26 0.32 0.61 1013 Japan 
26 42 2.53 0.13 0.34 594 Gracilaria’ 
27 42.5 1.87 0.57 0.75 1020 Japan 
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TABLE I (con:inued) 

Sample Gel temp.a OMe <%) so4 (%) Ash (%) Gel strength Source 
NO. (degrees) W 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

48 53 1.91 

42.5 2.62 0.33 0.65 883 
43 2.07 0.36 0.56 1068 

43 2.20 0.21 0.55 963 

43.5 2.23 0.12 0.40 964 
43.5 2.32 0.21 0.59 793 
43.5 2.48 0.17 0.45 1003 
43.5 2.65 0.30 0.49 803 
44 2.62 0.27 0.56 858 
44 2.80 0.38 0.83 681 

44 2.85 0.15 0.37 920 

44 3.29 0.40 0.76 877 
44 3.47 0.54 0.65 717 
45 3.00 0.37 0.66 980 
45 3.46 0.44 0.59 833 
45.5 4.58 0.72 0.72 613 
46 5.04 0.67 0.93 669 
47.5 7.94 0.48 5.72 d 

48 6.59 0.78 0.77 617 
48 2.09 0.18 0.66 458 
52 2.37 0.60 1.20 639 

0.49 0.95 cl 

Unknown 
Gracilariac 

unknown 

Japan 
Chile 
Unknown 
unknown 
unknown 
Kobe 
Japan 
Gracilariac 
Gracilnriae 
Japan 
Graciloriac 
Gracilariac 
Gracilariac 
Unknown 
Gracilariac 
Unknown 
Argentina 
Gracilaria 
Argentina 
Gracilaria 

GAt concentration of 1.5%. bAt concentration of 1%. FThese agars were manufactured in Chile from 
native seaweed. The only species commonly known to be used from this region is G. lemaeniformiss 
(sic; probably should be Iemanaeformis), although it is highly likely that the seaweed is actually 
Gracilariopsis lemanaeformis 10. dNot determined. eAlkali-treated sample No. 41. 

Pharmacopoeia grade agar. Where known, seaweed source or country of manufacture 
of the agar is given. The relationship between methoxyl content and gelling tempera- 
ture is shown graphically in Fig. 1. Plots of gelling temperature US. percent of 
sulfate, percent of ash, or gel strength showed completely random distribution for the 
overall group of samples, although for a group of 11 samples (see below) prepared 
from one agar, gelling temperature was related linearly to each of these properties 
(least significantly to ash). This might be anticipated in consideration of the common 
source of these samples, although the reason for a high sulfate content of the agaroses 
having a high methoxyl content is not clear from the available data. Clearly, the 
methoxyl content and gelling temperature follow the same general pattern as in the 
other samples, and it can be reasoned that the variations in the type of process 
brought about the wide spread of methoxyl contenr of the samples due to different 
solubility relationships. Reduced gel strength of the high methoxyl-high sulfate 
samples may be due to interference from the sulfate groups. Investigations are under 
way to determine whether the sulfate group is part of a separate polysaccharide and to 
what extent those sugars containing the ester sulfate are converted into 3,6-anhydro- 
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Fig. 1. Relationship between 1.5%-sol gelling temperature and methoxyl content of agarose prepara- 
tions. 

L-galactose by alkaline treatment. The evidence for the presence of 6-O-methyl-D- 
galactose in the polymer came from methoxyl anaIyses, chromatographic data on 

selected specimens, and literature references to the presence of 6-U-methyl-D-galactose 
in agaroses, particularly in those obtained from Gracilaria spp.‘*’ ‘-I 3. No attempt 

was made to isolate and characterize 6-U-methyl-D-galactose from hydrolyzates of 
any of the agarose samples. Hydrolyzates of samples No. 2,5, 11, and 43 (see Table I) 
were compared to D-galactose and 6-O-methyl-D-galactose by paper chromatography 
in solvent A. The intensity of the 6-O-methyl-D-galactose spot was seen to increase 

from not detectable with samples No. 2 and 5 to nearly as intense as D-galactose with 
sample 43 (5.04% methoxyl is equivalent to 28.6% 6-O-methyl-D-galactose, and 

therefore represents an approximately equimolar amount relative to D-galactose). 
An unidentified spot located between D-galactose and 6-O-methyl-D-galactose, ‘was 

clearly given by samples No. 11 and 43, barely by sample No. 2. Another chromato- 

gram in solvent B with 4-O-methyl-D-galactose included as a standard, indicated that 
the unidentified spot was not this sugar, although it has been reported as a minor con- 
stituent of agarr2. 

That high methoxyl agarose is composed of a continuum of low to high 
methoxyl fractions rather than discrete high and low methoxyl fractions is suggested 

by the varying results obtained when working with one sample of agar. For example, 

preparations 8, 9, 11, 13, 15,26, 38,41, 42,43, and 45 were all made from the same 
agar. Table II shows the variations in process i.e., fractionation, solvent changes, or 
alkaline treatment, which brought about the diversity in gelling temperatures and 
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TABLE II 

AGAROSE PREPARED FROM ONE AGAR BY VARIATIONS IN PROCEDURE 

Sample Filtrate temp. 
No. (degrees) 

Precipitating solnent 

TyFe Relative 
vol. 

Temp. 
(degreesj 

8 73 methanol 1.5 42 
9 60 2:l methanol-2-propanol 1.5 25 

11 75 methanol 1.5 40 
13 75 propanol-2 1.5 40 
15 74 propanol-2 1.5 40 
260 61 propanol-2 I .5 38 
38 65 acetone 1.5 25 
41 70 acetone 2.0 43 
42 7S acetone 2.0 42 
43 75b acetone 2.0 42 
45 74b acetone 2.0 40 

nAIkali-treated sampIe obtained from No. 41. *After removal of alcohol by evaporation. 

methoxyl contents. Thus, samples No. 8 and 42, No. 11 and 43, and No. 15 and 45 
represent fractionated pairs, whereas No. 38 and 41 are unfractionated agaroses 
obtained by acetone precipitation. Samples No. 9 and 13 are agaroses having a 
relatively low methoxyl content equivalent to that of the first fractions. In these cases, 
however, the second fractions were not isolated. Finally, sample No. 26 is an alkali- 
treated, acetone-precipitated agarose which underwent some fractionation upon 
alcohol precipitation after treatment; again, the second fraction was not isolated. 

Table111 shows a balance of thematerialwith respect to totalmethoxyl present in 2 of the 
fractionated pairs and in the unfractionated sample No. 41. Calculations take into 
account yield and moisture content of the agaroses and are based on 100 g of agar as 
the starting material. Similar calculations involving yield and gelling temperatures 
lead to gelling temperatures of 43.3” and 43.6” for mixtures of samples No. 15 and 

TABLE III 
PROPORTION OF MATERIAL AND OF METHOXYL GROUPS IN FRACTIONATED AND UNFRACTIONATJZD 

AGAROSE 

Sample 

no. 

15 

45 

Gel temp. 

(degf ees) 

40.5 

48 

Agarose 

Yield= 
(per cent) 

44.55 

28.44 

Methosyl content 
(pef cent) 

1.63 

6.59 

Methoxyl groups (g)b 

In agarose In starting 
fraction material 

0.726 

1.874 
2.60 

8 38.5 19.86 0.64 0.127 

42 45.5 54.37 4.58 2.490 
2.62 

41 45 73.94 3.46 2.558 2.56 

aYield of anhydrous agarose based on agar. ‘Based on 100 g of agar. 
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No.45 and No. 8 and 42, respectively, when recombinedin proportion to their respective 
percent yield. Gelling temperatures of 44” were actually observed for both combina- 
tions, suggesting that gelling temperatures of mixtures can be calculated. 

In an effort to further demonstrate that the methoxyl content controls the 
gelling temperature of agarose, portions of agarose No. 5 were subjected to methyla- 
tion with methyl sulfate. In order to minimize degradation through peeling reactions 
in the highly alkaline medium (1.15~ sodium hydroxide), end groups were reduced 
with sodium borohydride, and a product similarly treated with alkali but unmethyl- 
ated, was used as a control. The results are presented in Table IV. The control 

TABLE IV 

PROPERTIES OF ALKALI-TREATED AND METHYLATED AGAROSE SAMPLE NO. 5 

Sample MethyI sulfaie Gel temp. Gel strengrh Methoxyl Sulfate Ash 

used (ml) (degrees) W” (per cent) (per cem) (per cent) 

O&$lai - 36.5 830 0.72 0.57 0.97 

Alkali-treated b - 36 807 0.03 0.20 
Methylated 5 31 323 2.87 0.10 0.08 
Methylated 10 27 260 5.03 0.10 0.14 
Methylated 20 17 25 9.06 0.11 0.10 

aAt concentration of 1%. bNot determined. 

showed very little change in either gel strength or gelling temperature, indicating that 
the borohydride treatment was effective in preventing degradation. However, the 
methylated samples showed a drop in both gel strength and gelling temperature with 
increasing methoxyl content. It was concluded that random introduction of methyl 
groups with methyl sulfate interferes with the gelation mechanism, thus producing 
weaker gels which form with greater difficulty, as evidenced by their lower gelling 
temperatures. Probably due to poor resolution in solvent system A, hydrolyzates of 
the 3 methylated samples showed only spots which corresponded perfectly to the 3 
spots of hydrolyzates of high methoxyl agarose namely D-galactose, 6-O-methyl-o- 
galactose, and an unknown material located between these two. 

One further interesting feature of this work was the observation that agaroses 
of Argentinian origin (from Grad/aria spp.) fai!ed to fit into the pattern established. 
Samples No. 47 and 48 both had higher gelling temperatures than one would predict 
from the methoxyl content. (Similarly, sample No. 46 is also inconsistent, but the 
agar was obtained from ajobber, and the source is unknown.) Both samples No. 47 and 
48 were unusual in another respect-their viscosities were much higher than is expected 
for agar or agarose (at 1.5% and 75”, about 25 times as great). Molecular weight may 
play a large part in both these observed properties, but may not be the entire answer. 
As suggested by gel strength to gelling temperature relationships for a series of degraded 
agar samples (the same Gracilaria agar used to prepare the fractionated agaroses 
described in the preceding paragraphs), gel strength and gelling temperature are not 
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interdependent in the region examined (Table V). Additional work should be done to 
gain an understanding of these agaroses having an extremely high gelling temperature. 

TABLE V 

RELATIONSHIP BETWEEN GEL STRENGTH AND GELLING TEhlPERATURE FOR A SERIES OF DEGRADED AGAR 

SAMPLES 

Gel strength Gelling temp. 
Cg)” (degrees) 

558 43.8 
397 44 
312 44 

266 44 
237 43.5 
190 43.5 
99 43.5 

“At a concentration of 1%. 

EXPERIMENTAL 

Materials. - U.S. Pharmacopoeia grade agar was used for the preparation of 
agarose and was obtained from a number of jobbers, although in a few cases, it came 
directly from manufacturers. In these instances, information was available with respect 
to the genus of agarophyte from which the agar had been extracted and this, rather 
than the manufacturer name was included in Table I. In other cases, country of 
origin is indicated. 

Hyamine 1622, a quaternary ammonium salt, was purchased as a 50% solution 

from Rohm and Haas, Philadelphia, Pa. Carrageenan was from Marine Colloids, 
Inc., Rockland, Me., the type sold as “Viscarin”. Filter aids used were Hyflo Super- 
ccl (Johns-Manville, New York, N-Y.) and Special Speedflow (Dicalite Div., Grefco, 
Inc., Los Angeles, Calif.). 

Analytical procedures. - Gel-strength determinations were made on 1% gels 
prepared by boiling agarose (2.00 g) in water (200 ml) for 5 min, cooling the solution 
to 70”, adding water to replace evaporation losses, and pouring into 50 x 70 mm 
crystallizing dishes, which were then covered with a glass plate and kept for 2 h at 10”. 

After this time, the cover was removed, the gel removed from the dish, inverted, and 
returned to the dish, care being taken to remove air bubbles trapped between the gel 
and the bottom of the dish. The dish was placed on a dietary scale of about 1300-g 
capacity which was positioned on the base of a Cherry-Burrell curd-tension meter 
(Cherry Burrell Corp., Cedar Rapids, Iowa), equipped with a 1.1 -cm diameter 
plunger. The gel was placed so that the plunger contacted the surface about halfway 
between the center and the edge. After the reading was made, the dish was rotated 
120”, and the process repeated. A third determination was similarly made and the 
results averaged. 
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Gelling temperatures were determined on IS%-agarose sols prepared by 
boiling agarose (750 mg) in water (50 ml) for 5 min on a hot plate, with stirring. 
Enough of the sol was poured into an 18 x 150~mm test tube to just reach the immer- 
sion line of a thermometer placed in the test tube. The tube was immediately placed 
into a rack, in a bath containing water at about 60”. Up to 7 such tubes could con- 
veniently be watched simultaneously. When the temperature of all the tubes was the 
same as that of the bath, cold water was passed through a copper coil in the stirred 
bath (20-l battery jar). After the temperature reached 50”, the flow rate of the water 
through the coil was reduced to give a steady drop in temperature of about 0.3-0.5” 
per min. The bath temperature was never allowed to differ from the temperature in the 
tubes by more than 0.5”. Periodically, the thermometers were carefully withdrawn 
from the liquid.in the tubes. When gelation had occurred, a distinct depression or 
neat hole remained; otherwise, the sol flowed back to form a normal meniscus. 
Gelation generally took place rather abruptly, within the span of 0.5”, and with few 
exceptions, gelling temperatures are reported to the nearest 0.5”. 

Moisture analyses were performed overnight, in duplicate, on lOO-mg samples 
in a vacuum oven at < 10 mm and 70”: ash was determined by first charring the 
samples under i-r. lamps, and then heating them to constant weight in a muffle 
furnace at 550”. Sulfate determinations were generally performed by the normal 
gravimetric method when sufficient sample was available. When it was not, a micro 
method l4 was employed. Because of the low-sulfate content of the material, gravi- 
metric analyses were performed with 2-g samples. The agarose was digested with hot, 
cont. nitricacid in a 500-ml Kjeldahl flask. Excess acid was destroyed with sulfate-free 
formaldehyde. The solution was transferred to a 150-ml beaker, taking care to keep 
the volume to a maximum of abotit 100 ml. Barium chloride was then added and the 
usual procedure followed_ It was learned through experience that if smaller samples 
(O-2-0.3 g) were used, or if the volume of the digest were too large, low values were 
obtained. Methoxyl determinations were made by the Zeisel method’ ‘. 

Paper chromatography was performed on Whatman No. 1 paper with either 
4: I:2 butyl alcohol-ethanol-water’ ’ (Solvent A), or 4: I:2 butyl alcohol-acetic acid- 
water’ 2 (Solvent B) with detection by the alkaline siIver nitrate method16. The 
agarose samples (1 .O g) were hydrolyzed with 0.5~ sulfuric acid (13.3 ml) for 15-16 h 
on a boiling water bath. The solution was diluted to 50 ml and phenolphthalein added. 
The hot solution was neutralized with O.&r barium hydroxide solution, then carbon 
dioxide was bubbled through until the pink color disappeard, filter-aid (3 g) was 
mixed in, the hot suspension was filtered (Whatman No. 5 paper precoated with 2-3 g 
of filter-aid), and the solution evaporated in umuu. The residue, dissolved into 25 ml of 
water was spotted on the chromatograms. 

Preparation 3 of agarose. - A mixture of agar (12 g), carrageenan (2.4 g), and 
filter-aid (35-40 g) was blended and added to water (800 ml) with good agitation. The 
mixture was boiled, with stirring, for 3 to 5 min to insure complete dissolution of the 
agar, 200 ml of 5% Hyamine 1622 solution was added, rather rapidly, and the 
mixture was reheated nearly to boiling. Generally, within a few seconds after the 
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Hyamine addition was complete, a bulky, curd-like precipitate formed. Filtration was 
carried out in a pressure bomb using Whatman No. 5 paper. Pressures of 10-20 p.s.i. 
were usually adequate, although in a few instances up to 70-80 p.s.i. was required. 
The cake was rinsed with hot water (about 100 ml), about one-half the pressure used 
for the filtration being needed. The temperature of the combined filtrate and rinse 
was adjusted to 60-62” in the case of low methoxyl agars and to 72-75” in the case of 
high methoxyl ones. The solution was then poured, in a small stream, into 1.5 time 
its volume of 99% 2-propanol. Hand-stirring was employed throughout the process. 
With low methoxyl agars, the alcohol was initially at room temperature; with high 
methoxyl agars, the alcohol was warmed to 35-40” prior to precipitation. The short 
fibers of precipitated agarose settled to the bottom where they joined to form a firm 
mat upon cooling. The purpose of using higher filtrate and alcohol temperatures 
with high-methoxyl agaroses was to insure that the temperature of the mixture was 
about 10” higher than the gelling temperature of the agarose; otherwise, a weak gel 
formed in the alcohol before the fibers settled and matted together, thus making 
subsequent work-up virtually impossible. After the mixture had cooled to room 
temperature, the agarose mat was lifted out and squeezed dry, under a rubber dam, 
between two sheets of polypropylene filter cloth on a Biichner funnel. It was then 
soaked in 60% 2-propanol (150-200 ml) for a minimum of 15 min, returned to the 
funnel, and again squeezed dry. After 3 such washings, the mat was shredded by hand, 
dried at 60”, and ground through a 20-mesh screen in a Wiley mill. 

Separation of agarose into high afzd low nzethoxyl fractions. - When a high 
methoxyl agarose was the product of the above scheme, the alcohol was found to be 
gelled after cooling. (This did not impair removal of the agarose mat.) The weak gel 
was melted, and the alcohol was removed by evaporation on a boiling water bath or 
in a rotary vacuum evaporator. The resulting aqueous solution was added at about 
70” with stirring, to 1.5 vol. of acetone at 40”. A second fraction of agarose having a 
higher methoxyl content settled out as fibers. It was washed as before, except that 60% 
acetone was used. When fractionation was avoided, acetone was used initially, in 
place of 99% 2-propanol and all the agarose precipitated. By substituting methanol 
for 2-propanol in the initial precipitation, a different distribution of the two fractions 
was obtained. 

Alkaline treatment of agarose. - A modification of the method used by Rees” 
for carrageenan was developed for agarose. Agarose (6 g) was boiled in water (225 ml) 
and the solution cooled to 80”. Sodium borohydride (0.35 g) was added (and generally 
octanol, as an antifoam), and the solution was kept, covered, for 10-15 min in the 
80” bath, which was sufficient for end-group reduction, as shown by the lack of 
degradation in the products obtained. A solution of sodium hydroxide (15 g) in water 
(100 ml) was added (70-800), and the solution was held for 2 h at 80”. It was then 
cooled to about 50” and neutralized with 3~ acetic acid; the product was isolated by 
precipitation with 1.5 volume of 99% 2-propanol. The coagulum was washed 3 times 
with 60% 2-propanol, shredded, dried at 60”, and ground through a 20-mesh screen in 
a Wiley mill. For further purification, it was dissolved by boiling in water to make a 
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1% solution which, on cooling, formed a gel which was then frozen. It was thawed in 
about 3 vol. of water, separated on plastic filter cloth on a Biichner funnel, and 
squeezed under a rubber dam. The thawed gel was given a brief wash with about half 
the amount of water used to thaw it, and again pressed out on the funne1. To hasten 
drying and prevent sticking to the container, the gel was then soaked for about half an 
hour in twice its volume of 99% propanol-2, separated by filtration, and given a 
second 99 % propanol-2 wash. Finally, it was broken up, dried at 60”, and ground 
through a 20-mesh screen in a Wiley mill. 

MetIzyZation of agat-ose. - The same procedure and amounts used for alkaline 
treatment were employed. After admixture of the sodium hydroxide, methyl sulfate 
was added. For the 3 preparations, 5, 10, and 20 ml were used, respectively. 
Work-up was the same as in the modification. 

Acid degradation of agar. - For comparison of gelling temperatures of agars of 
different gel strengths, Gracilaria agar having a 1% gel strength of 558 g was degraded 
in the following manner: the pH of a 1%-agar sol kept at 60” was adjusted to 3.0, and 
samples were withdrawn periodically (0.5, 1.0, 1.5, 2, 3, and 4 h). These were neutra- 
lized and allowed to gel. The gels were frozen, thawed, washed, and dried as described 
in the section on alkaline treatment. Gelling temperatures and gel strengths are 
recorded in Table V. 
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ABSTRACT 

Some properties of the extracellular polysaccharide produced by the bacterium 

Xanthomonas campestris NRRL B-1459 were measured in partially purified culture 
fluids and in liquid systems prepaied from thoroughly purified and lyophilized 
material. High intrinsic viscosities resulted from dispersions and solutions of poly- 
saccharide B-1459 in O.Olhi ammonium acetate and 4~ urea. Heating a dispersion 
of B-1459 in 4~ urea yielded a true macromolecular solution in which the poly- 
saccharide had an apparent molecular weight of approximately 2 x 106. Light- 
scattering measurements on culture fluids of B-1459 made 4&f in urea gave molecular 
weights of 13 x lo6 and 50 x 106. Various solution-properties and factors that affect 
the viscosity of dispersions prepared from lyophilized polysaccharide are presented. 

INTRODUCTION 

The extracellular polysaccharide produced by the bacterium Xanitionzonas 

campestris NRRL B-1459 has gained widespread use industrially’. A useful charac- 
teristic of polysaccharide B-1459 is its ability to produce highly viscous aqueous 
dispersions and solutions that maintain their viscosity in the presence of many salts. 
Some characteristics of its dispersions and behavior under conditions of varying 
temperature, pH, and salt addition have been reported’. B-1459, isolated as the 
potassium salt, is composed3 of D-glucose, D-mannose, D-glucuronic acid, acetic acid 
(as O-acetyl), and pyruvic acid (as an acetal substituent) in the molar proportions: 
2.8:3.0:2.0:1.7:0.51-0.63. The repeating unit, composed of 16 hexose residues and their 
substituents4, has /I-D-( I-2) and p-~-(1 +4)-linkages4v5. The macromolecular 
properties of B-1459 were investigated in an aqueous environment because the main 
industrial uses of this material involve fluid systems containing water. Two aspects 
of some fluid systems containing B-1459 are reported here: (i) solution parameters in 
4~ urea, and (ii) dilute dispersion viscosities in 0.01~ ammonium acetate (NH,OAc) 
and in 4~ urea. 

*Presented at the 157th National Meeting ofthe American Chemical Society, Minneapolis, Minnesota, 
April 13-18, 1969. 
**This is a laboratory of the Northern Utilization Research and Development Division, Agricultural 
Research Service, U. S. Department of Agriculture. 
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ExPERIhfENTAL 

A. Materials. - A lot of B-1459, designated MP-84, came from a batch-type 

fermentation process6. Recovery of polysaccharide involved clarification by repeated 
passages through a Sharples* centrifuge, three successive precipitations from solution 
by ethanol in the presence of potassium chloride to remove protein, dialysis against 
deionized water, and adjustment of retained solution to pH 6.0-6.5 with dilute 
potassium hydroxide2. The resulting solution was filtered through sintered glass to 
remove a small amount of extraneous matter, concentrated to about 0.5% solids 
on a rotary evaporator under diminished pressure, and lyophilized. After the lyo- 
philized polymer had been equilibrated in air at 20” and 50% relative humidity as 
previously described , 2 it had a moisture content of 15.6%. 

A second batch of polymer, designated X-FD-1, was obtained as a culture 
broth sample from a continuous fermentation run in a pilot plant. This liquid was 
dihrted with eight volumes of distilled water and then passed twice through a Sharples 
centrifuge to remove cells and particulate matter. The diluted and clarified culture 
fluid was then dialyzed against 0.01&f NH,OAc for 3 days at room temperature. 
The retained solution was adjusted to pH 7.3 with NH,OH upon completion of the 
dialysis and was refrigerated unti’l used. Sufficient mercuric iodide (HgI,) to leave a 
visible precipitate was added to all B-1459 systems containing 0.01h1 NH,OAc to 
discourage microbial growth. 

A portion of this NH,OAc-dialyzed culture fluid then was dialyzed against 
distilled water for several days with no adjustment of pH. A fibrous mass of poly- 
saccharide resulted by lyopbilizin, = this portion of culture fluid. Both the culture 
liquid and lyophilized material retained a brownish pigment. Polysaccharide con- 
centrations in dialyzed solutions and in culture fluid were determined by the phenol- 
sulfuric acid calorimetric procedure’. 

Another portion, 900 ml, of X-FD-1 culture fluid was taken from the refriger- 
ated stock bottle after 7 months’ storage. (Microorganism growth was inhibited, 
but not completely stopped during storage.) This portion was dialyzed overnight at 5” 
against distilled water and then centrifuged at 40 x lo3 xg for 1 h. The resulting, 
clarified liquid (light yellow) was divided into two equal volumes. One volume was 
lyophilized directly; the other was made 1% in potassium chloride, an equal volume 
of ethanol was added, and the system was stirred for 1 h. The gel of B-1459 that 
formed upon addition of alcohol was gathered by decanting the alcohol-water 
solution. The gel was then redispersed into distilled water to its original concen- 
tration of 0.195%. After dialysis against distilled water for 60 h at 5”, the alcohol- 
potassium chloride-treated B-1459 system was lyophilized. 

A third batch of polymer came from two frozen samples of culture fluid taken 
from batch fermentation runs. The samples *, designated X-C-9(68) Fertrol No. 2 

*Mention of firm names or trade products does not imply an endorsement or recommendation 
by the Department of Agriculture over other firms or similar products not mentioned. 
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and X-L-10(68) Fertrol No. 1, were each thawed, then combined, and diluted with 
distilled water to a concentration of 0.4 to 0.5%. The diluted culture fluid was 
centrifuged at 40 x lo3 xg for 1.5 h to remove particulate matter and some polymer, 
which appeared as a gel on the pad of debris in the centrifuge tube. The light yellow, 
clarified liquid was dialyzed in a refrigerator for 1 week against 0.01~ NH,OAc and 
then part of it was lyophilized. Another portion of this culture fluid was then made 
4hi in urea and dialyzed against 4~ urea at 5" before use. 

Dispersions were prepared by weighing lyophilized samples of B-1459 into 
25-ml volumetric flasks. About 10 to 15 ml of the desired solvent was added, and 
the flasks were shaken overnight. More solvent was added the next day, and shaking 
was continued for a few h. The proper amount of solvent was then added to bring 
the liquid to volume. If the polymer was not dispersed well, a stirring bar was placed 
in the flask and the contents were stirred, with occasional shaking, to ensure proper 
mixing. Sometimes, it was sufficient to shake the stoppered sample vigorously to 
obtain an even dispersion. Concentrations up to about 0.25% were dispersed evenly 
by these methods. The 25 ml of dispersed material was used as stock from which 
dilutions were made. Dispersion in 4~ urea sometimes required 2 to 7 days’ storage 
at room temperature before an apparently stable viscosity resulted. 

Many samples of B-1459 were vacuum-dried before being dispersed. One 
technique (No. I) used was to place the lyophilized samples in a vacuum oven at 
room temperature, turn on both vacuum and heat, and allow the samples dry over- 
night (ca. 17 h). The vacuum oven reached the desired drying temperature of 70” 
to 75” in about 1 h. Another method (No. 2) was to vacuum-dry the samples overnight 
at room temperature (ca. 23”) and then heat under vacuum the next day for 5 to 6 h. 
Dispersion viscosity depended upon which of these two methods was used to dry the 
lyophilized sample from which the dispersion was prepared. 

Solutions in 4~ urea were prepared from batch MP-84. A lightly stoppered, 
25-ml volumetric flask containing lyophilized sample and about 15 ml of 4~ urea 
was placed into a water bath for 3 h at 90”. The flask was shaken occasionally to 
dissolve the polysaccharide during heating. After the flask had cooled, solvent was 
added to the volumetric mark and the flask was shaken vigorously to ensure even 
mixing of contents. 

B. MetJzods. - A model A Zimm viscometer’ was used to measure viscosities 
at shear rates that varied from about 0.5 to 2.0 set- ‘. Sedimentation veiocity and 
synthetic-boundary measurements were made in a Spinco ultracentrifuge in double 
sector, 30-mm cells. From the sedimentation velocity measurements, a sedimentation 
coefficient (s) was calculated by the standard formulalO. Partial specific volumes of 
B-1459 in solution were calculated from density measurements made at 25.00 kO.05” 
in 35-ml double-column pycnometers. Diffusion was measured at 0.9” in a Tiselius 
cell in a Spinco Model H electrophoresis instrument. Density, diffusion, molecuIar 
weight, and sedimentation measurements were made on solutions prepared from 
batch MP-84. Estimated errors are indicated in values presented in Tables I and II. 

Molecular weight determined by light scattering, mLs, was measured in a 
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modified Brice Phoenix instrument, which was calibrated on the basis of a value 
of 16.3 x lo- 6 for the Rayleigh ratio of benzene at 546 nm at 25.0”. Measurements 
were made at 546 nm and 436 nm. Samples used for light-scattering measurements 
were dialyzed for at least 2 weeks before measurements were made. These samples 
were centrifuged in a Spinco preparative centrifuge as follows: 

Sample 

B-1459 sohrtion in 4M urea 
X-FD-1 culture fluid 
XC-XL culture fluid 
XC-XL culture fluid heated for 3.5 h 

at 85” 

Two problems encountered were 
solution and deciding when the polymer 
B-1459 in 4~ urea could be produced 

Preparative centr$igation treatment 

1 hat 105x103xg 
3hat78x103xg 
1.5hat78x103xg 
20minat35x103xg 

those of achieving a true macromoIecular 
was in a true state of solution. A solution of 
by heating the system for 1 to 4 h at 90”. 

Major proportions of gel component in unheated or incompIetely solubilized 
B-1459-4M urea systems were detected by measurements in the ultracentrifuge. Some- 
times, gel or high-molecular-weight aggregates were detected by the rapid appearance 
of material at the bottom of a cell during a sedimentation run. Measurement of area 
in a synthetic-boundary pattern served as the criterion of concentration in solution 
when the presence was suspected of gel that would not be exhibited cIearly in a 
sedimentation run. The high concentration-dependence shown by B-1459 required 

use of low concentrations to observe solution properties best. 

RESULTS 

Moleczdar weight studies. - The molecular weight of B-1459 was studied in 4M 

urea because initially it was considered to be a better solvent than 0.01~ NH,OAc. 
Solutions of B-1459 prepared from lyophilized samples of batch MP-84 were used 

in determining macular weights, I&,, from sedimentation and diffusion measurements. 
A molecular weight was calculated according to the Svedberg equation: 

RTs” 
&-f,, = -- 

D”(l - @) 

where R is the gas constant, T is temperature (k”). Is is the partial specific volume, 
p is the density of the solvent, and so and D” are the sedimentation and diffusion 
constants extrapolated to zero concentration. Fig. 1 displays the sedimentation 

behavior of B-1459 in 4hf urea and in 0.01~ NH,OAc. There is a distinct difference 
in concentration dependence between the week-old and 2-month-old samples in 4~ 
urea as indicated by the different slopes of lines A and B. A portion of the sample in 

4~ urea was dialyzed to 0.01~ NH,OAc. Some I/s values of this sampIe are indicated 

in Fig. 1. 
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Fig. 1. Sedimentation behavior of polysaccharide B-1459 from XanrIzomo~~as cmnpestris (MP-84). 
0 = Sample in 4~ urea for I week, line A. x = Sample in 4nr urea for 2 months, line B. L; = Sample 
in 0.01~ NH40Ac for 1 month, line B. All samples stored at 5”. All I/s values measured at or cor- 
rected to 25”. Values of I/s for 0.01~ NHaOAc solutions corrected to 4~ urea solution. All concen- 
trations corrected for radial dilution. 

Results of diffusion measurements are shown in Fig. 2. Solutions were stored 
at 5”, and it was necessary to dialyze them for 2 to 3 weeks to obtain meaningful 

Number of Fringes 

Fig. 2. Diffusion behavior of B-1459 (MP-84) in 4~ urea. Concentration expressed in number of 
Rayleigh fringes (27 fringes = 0.21 %I. 

diffusion patterns. Diffusion coefficients were determined by the height-area method 
using the equation: 

AI&l,, = (47-a) 1/Z (2) 

where A is the area under and A,._ is the maximum height of the refractive index 
gradient curve, and t is the time from the start of the diffusion process. It was extremely 
difficult to obtain sharp, zero-time boundaries in the diffusion cell with B-1459. 
Zero-time corrections of the order of 20 to 40 h were encountered. A photograph 
of a typical asymmetric schlieren pattern of diffusing B-1459 polymer is shown in 
Fig. 3. The difGrsion constant measured at 0.9” was corrected to 25” by the usual 
formula” to yield a value of D,, = (2.36 kO.40) x 10-e cm2/sec. Uncertainties 
encountered in extrapolation of diffusion and sedimentation constants to zero 
concentration led to an estimated possible error of about 22% in &,. 
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Fig. 3. Diffusion pattern of B-1459 (MP-84) in 4~ urea. c = O.l%, T = 0.9; bar angle = 35”. 
Time from formation of boundary = 290 h. SoIvent region is on the left, solution on the right. 

Light-scattering measurements were made in 4hi urea on a solution prepared 
from batch MP-84 and on culture fluids from X-FD-1 and the combined XC-XL 
samples. Preparative centrifugation, as previously described, was used in an attempt 
to rid these systems of a possibIe “micro-gel” component. Systems from MP-84 
and X-FD-I were first centrifuged until their original concentration was reduced by 
a factor of at least one-third. The XC-XL culture fluid sample was of low concen- 
tration, c -0.060%, and it lost a negligible amount of polymer during preparative 
centrifugation. The Zimm plot of the MP-84 solution (Fig. 4) showed curvature in 

18 

14 

$12 

d 10 
5 

8 

01 ’ ’ ’ ’ ’ ’ ’ 0.2 0.4 0.6 0.8 1.0 1.2 1.4 
Sin* 8/Z + c[rclJ 

Fig. 4. Zimm plot of B-1459 (MP-84) solution in 4~ urea prepared by heating a lyophilized sample 
for 3 h at 90”. Initial concentration, c = 3.4 x 10-a g/ml. Angles of 20” to 45” from the incident beam 
are indicated in 5” increments. The two highest angks are 60” and 75” from the incident beam. 
0 = Measured values. x = Extrapolated vatues at zero angle and zero concentration. 

the lines of constant concentration, as did the Zimm plot (not shown) of culture 
fluid X-FD-1. Molecular-weight ranges in MP-84 solution were estimated by extra- 
polating to zero angle those measurements that were 45” and less from the incident 
beam. Values of molecular weight determined by light scattering, &, of 13 x lo6 
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and 50 x lo6 were obtained from the low angle extrapolations of Zimm plots from 
culture fluid batches X-FD-1 and XC-XL, respectively. (Since batches X-FD-1 and 
XC-XL were not identically grown or treated, one should not expect identical 
M,, values.) The solution prepared from batch MP-84 had a range of MS,-, that was 
lower than its range of MLs, which was lower than values of Mr, determined on 
culture fluid samples from other batches. Some parameters of B-1459 solution in 
4~ urea are shown in Table I. 

TABLE I 

B-1459 (MP-84) IN 4h¶ UREA 

0.135 ml/g 
29 X 10” ml/g 
0.59 ml/g 
(1.2 &O-2) x 10va cm2 set-* 
(5.0 f0.2) x IO-13 

(1.4 f0.3) x 106 
(3.6 fO.7) x lo6 (Fig. 4) 

Heating either the lyophilized B-1459 or the culture fluid decreases molecular 
size. This observation is supported by two measurements: (i) The intrinsic viscosity 
of an aged dispersion in 4~ urea is about twice as great as the intrinsic viscosity of a 
solution prepared by heating a portion of the dispersion for 3 h at 90” and (ii) the 
MU value of the XC-XL culture fluid decreased from 50 x lo6 to 11 x lo6 after the 
culture fluid was heated for 3.5 h at 85”. 

Viscosity studies. - Changes in viscosity values were the basis for judging the 
approximate stability of dispersions and solutions. Dispersions of B-1459 in redis- 
tilled water and in 0.01~ NH40Ac were prepared from samples of batch MP-84 
and were stored at room temperature and at 5”. Storage at 5” helped maintain 
viscosity in both solvent systems. The dispersion in water suffered a 50% decrease in 
relative viscosity within 3 weeks at room temperature (cu. 25”). The dispersion in 
0.01~ NH,OAc was stable for 2 months at room temperature and was stable for 
about 8 months when stored at 5”. Solutions in 4~ urea, prepared from batch MP-84, 
yielded stable viscosity values for at least 4 months when stored at 5”. 

Some representative viscosity characteristics of dispersions prepared from 
lyophilized and vacuum oven dried B-1459 obtained from culture fluid batch X-FD-1 
are displayed in Fig. 5. The polyelectrolytic nature of the polymer is clearly indicated 
by the thixotropic behavior and higher viscosity of the dispersion in distilled water 
(curve A). The behavior of a dispersion in 4M urea, that was aged 7 days at 5”, is 
shown by line B,. After 2 months’ storage at So, the viscosity of this system, repre- 
sented by line Bz, had markedly increased. The viscosity of a dispersion aged 7 days 
at 5” in O.OlM NH,OAc is shown by line D. Even after 2 months’ storage at So, the 
viscosity of this system remained constant. 

Viscosity behavior of B-1459 polymer not isoiated from the culture fluid was 
different from that of lyophilized and dried material. Line C (Fig. 5) represents the 
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I. ‘a 1. 1.1. 1 II 1 +-+--cl 

20 40 60 60 100 
IOiL c/ml 

Fig. 5. Viscosity behavior of B-1459 (from X-FD-I). (A) Lyophilized, not dried, polymer dispersed 
overnight in redistilled water. Note scale change. (B3 Lyophilized and dried polymer, dispersed 
7 days in 4~ urea at 5”. (Bs) Sample Br aged 2 months at 5’. (C) Clarified culture fluid dialyzed 
against O.Ofhr NH&AC and stored 4 weeks at 5”. (D) Lyophilized and dried polymer, dispersed 
7 days in 0.01~ NH40Ac at 5”. (E) Sample C made up to 4~ urea for 4 days at 5”. Lyophilized 
sampIes dried by technique I, but not equilibrated in constant temperature-humidity room before 
drying. Ethanol-KC1 precipitation not used on these samples. 

behavior of chuified culture fluid that had been dialyzed against 0.01~ NH,OAc for 
several days. The dialyzed system had been stored for 4 weeks at 5”. Curve E represents 
the viscosity of the dialyzed culture fhtid that has been made about 4M in urea. Five 
milliliters of 0.01~~ NH,OAc dialyzed culture fluid was diluted to 100 ml with 4M urea, 
and the fluid was aged 5 days at 5” before measurements were taken. Dilutions were 
made with 4~ urea. 

Some effects upon the intrinsic viscosity, [q], of dispersions prepared from a 
lyophilized batch of E-1459 from X-FD-1 culture fluid are summarized in Table II. 
In this table are compared the effects of (i) dehydrating versus not dehydrating the 
sample, (ii) 0.01~ NH,OAc versus 4~ urea as a solvent, (iii) dehydrating the samples 
by methods 1 or 2, and (iv> ethanol-potassium chloride precipitation from the 
culture fiuid versus direct lyophilization. 

TABLE 11 

INTRlNSlC VISCOSITY OF B-1459 DISPERSIONS 

Sample Id mllg x ICY3 

O.OIM iVti40Ac 4hI Urea 

(A) Culture fluid not treated with ethanol-KC1 
Dehydrated 
Not dehydrated 

(B) Culture fluid treated with ethanol-KC1 
Dehydrated 
Not dehydrated 

1.7 &O-l (9.0 f0.2) 8.1 10.3 (8.1 f0.3) 
5.8 AO.1 5.9 &to.1 

9.2 ho.2 (9.0 &0.2) 8.2 kO.2 (8.1 f0.2) 
7.7 kO.1 7.0 z&o_ I 

Lyophilized polymer obtained from culture fluid batch X-FD-1 stock solution that was stored for 
7 months at 5”. Values for sampIes dehydrated by drying method 2 are indicated in parentheses. 
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Precipitation of polysaccharide from the culture fluid with alcohol-potassium 
chloride removes protein. Lyophilized material (X-FD-I) after alcohol-potassium 
chloride precipitation contained 0.24 weight percent nitrogen; that prepared directly 
from the clarified culture fluid contained 1.71 weight percent nitrogen. (Batch MP-84, 
which is highly purified, contained 0.06% nitrogen.) Estimates of 10% protein in 
directly lyophilized X-FD-1 samples and 1.4% in ethanol-potassium chloride 
precipitated X-FD-1 samples are made by using a conversion factor of 6.0 between 
weight of nitrogen and weight of protein. Values of [rjJ in part (A) of Table II have 
been calculated by using concentrations 0.91 times those measured on a weight 
basis. This procedure is used to correct for the greater amount of protein in the directly 
lyophilized samples. Values of [q] in part (B) of Table II are calculated on a direct 
concentration by weight basis. 

DLSCUSSION 

The highly concentration-dependent behavior of B-1459 (MP-84) solution in 
4M urea is shown in several ways. One may use the data in Fig. 1 to calculate a 
concentration dependence coefficient, K,, from the equation: 

l/s = l/s”[l +K,c] (3) 

where c is the concentration in g/ml. Values of K, in 4~ urea equal to 614 ml/g and 
435 ml/g are calculated for the week-old solution and the 2-month-old solution, 
respectively. The asymmetry shown by the diffusion photograph (Fig. 3) is a reflection 
of concentration dependence or polydispersity, or both of these properties. Sedimen- 
tation patterns (not shown) of a fresh B-1459 solution in 4~ urea and culture fluids in 
0.01~ NH,OAc appear to have infinite boundaries at polymer concentrations above 
0.2%. The schlieren patterns of a fresh solution in 4M urea appear as sharp spikes at 
concentrations of about 0.15 to 0.1% ; at a 0.05% concentration the pattern opens 
to give the appearance of a sawtooth. This non-Gaussian character of the sedimen- 
tation pattern is another indication of concentration dependence. 

The difference in molecular-weight values calculated for the 4~ urea solution 
of B-1459 (MP-84) is possibly caused by a mode of high-molecular-weight particles, 
or micro-gel, which would be heavuy weighted in the m, average. A few percent 
of micro-gel could remain in the solutions despite preparative ultracentrifugation 
and could also remain undetected in the synthetic boundary measurements. Light 
scattering becomes less concentration dependent at angles closer to the incident 
beam as is indicated by decreasing slopes of lines at constant angIe (Fig. 4). Because 
of this, and the fact that lines at constant concentration have less curvature at lower 
scattering angles, we chose measurements between 45” and 20” from the incident 
beam as being most meaningful. Of course, a weight average molecular weight would 
be obtained from the aLs value in the absence of micro-gel. The Ms, value does not 
represent a simple average. This is particularly true for B-1459 solutions in which 
asymmetric schlieren patterns are obtained in measurements of s and D. Therefore, 
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our molecular-weight determinations should be considered as qualitative indications 
of the molecular system in solution. 

Light-scattering measurements on both the solution and the culture fluids 
indicate polydisperse systems of high molecular weight. We cannot say whether the 
observed R, values are representative of B-1459 polymer molecules or aggregates. 
Despite the probability that some micro-gel contributes to the ??I, values measured 
on the culture fluids, molecular weights in the culture fluids are well above those in 
the 4~ urea solution. 

Attempts to detect measurable amounts of gel by ultracentrifuge synthetic- 
boundary measurements yielded negative results in both dilute 4M urea solutions or 
dialyzed culture fluid samples in 0.01~ NH,OAc. Therefore, under these conditions 
of low gravity and concentration, c <O-2%, we conclude that B-1459 is capable of 
existing in a solution state. Sedimentation measurements made on 0.1% dispersions 
in 0.01~ NH,OAc prepared from lyophilized material show gel to be present. Since 
the dialyzed culture fluid in NH,OAc and 4M urea behaves as a truly solvated system, 
we conclude the process of lyophilization alters the solubility of B-1459, as well as 
its viscosity properties. Perhaps lyopbilization in some manner “denatures” the 
polysaccharide. 

Our studies show that a variety of factors may affect dispersion viscosity. 
We noted an “aging” effect of B-1459 systems in 4M urea. The viscosity of B-1459 
initially placed in 4~ urea is lower than its viscosity later. This behavior, illustrated 
in Fig. 5 by lines B, and B,, is most easily observed in lyophilized samples although 
it sometimes may be seen in culture-fluid samples. The rate of viscosity change 
increases when the sample is exposed to higher temperatures. A lyophilized sample 
stored at room temperature may reach higher viscosities within 24 to 48 h. Sedimen- 
tation patterns of B-1459 samples that have been in 4M urea at 5” for 6 months or 
longer show peaks that have a more normal appearance than those seen in nonaged 
samples. The change in concentration dependence illustrated by lines A and B in 
Fig. 1 is another example of B-1459 undergoing change in 4~ urea. The changes in 
dispersion viscosity and solution properties of an already solvated entity suggest to us 
that B-1459 could be reacting slowly with 4~ urea. These changes might involve a 
disaggregation of molecular aggregates or a chemical reaction between urea and 
polysaccharide. (Formation of carbohydrate carbamates prepared by heating starch 
with urea has been reported by Paschalllz.) 

Our experience with dispersion viscosity measurements has shown that extreme 
care must be used to ensure that time-dependent behavior does not make comparisons 
invalid. All of the values in Table II were measured after dispersions had aged at 
room temperature for at least 5 days. Values of qsp/c were then checked to ensure 
that no changes occurred during the time span of these measurements. After an 
initial period of instability, viscosities of dispersions in 0.01~ NH,OAc and 4M urea 
at room temperature decrease slowly with time. 

Some general conclusions about dispersions prepared from lyophilized poly- 
saccharide (X-FD-1) are indicated in Table IT. The only extreme viscosity difference 
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occurred in 0.01~ NH,OAc dispersions of high-protein content because drying 
method I lowered dispersion viscosity of the samples. Provided drying method 2 is 
used, dehydration of sample increased viscosity in all situations investigated. Samples 
precipitated with ethanol-potassium chloride, but not dried, yielded higher viscosities 
than samples neither ethanol-potassium chloride precipitated nor dried. Perhaps the 
polysaccharide is “denatured” in some manner by the precipitation and drying process. 
A final comment concerns [q] values in Table II, part A, Dehydrated, as compared 
with [r~] values illustrated by lines Bz and D (Fig. 5), which would be even higher 
had a correction for protein content been made. Measurements listed in Table II 
were made on material stored for 7 months at 5” as partially clarified culture fluid. 
During this time the polysaccharide had altered, as indicated by lower [q] values, 
and hence identical materials were not used for measurements in Table II and Fig. 5. 

The purpose of this study has been to determine some molecular parameters 
and viscosity characteristics of polysaccharide B-1459 in dilute solution and dispersion. 
The dilute solution systems consist of high-molecular-weight entities that interact 
strongly. High intrinsic viscosity is maintained under the conditions of our experi- 
ments. Dispersion viscosity may be enhanced by appropriate treatment of the polymer 
before dispersion. The most interesting q uestion remains to be answered_ What 
specific subunits and structures of the polysaccharide chain cause the property of 
high viscosity observed in fluid systems of B-1459? 
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ABSTRACT 

The mass spectra of a series of hex-Zenopyranoside derivatives indicated that 
fragmentation of members of this class occurs by two general paths: (i) by loss of the 

substituents attached to C-l, C-4, and C-6, giving a series of cyclic ions related to 
pyran, and (ii) by retrodienic cleavage. Recognition of the ions produced by this latter 
mode can provide means for allocating the positions of double bonds in unsaturated 
carbohydrates, but since allylic rearrangements can, in some circumstances, precede 
fragmentations, care has to be taken in interpreting the spectra. 

The spectrum of 1,2,4-tri-O-acetyl-3-deoxy-&D-g~~cero-pent-2-enopyanose 
indicates that isomerisation to 5,5,6-triacetoxy-5,6dihydro-ZH-pyran occurs prior to 
fragmentation. Such an isomerisation has not been observed before with unsaturated 
sugars. 

INTRODUCTION 

The scant attention given so far to the mass spectrometry of unsaturated 
carbohydrate derivatives was stimulated by the belief that such compounds might 
represent intermediates in the degradations undergone by saturated analogues on 
electron impact. Finan et aL2 thus concluded that D-glucal was formed from the 
methyl D-glucopyranosides and noted that all of these compounds gave similar 
spectra, and other workers have postulated that cyclic enol esters are first produced 
during the fragmentation of saturated glycose peracetate?. In the only investigation 
of unsaturated derivatives previously reported4, tri-U-acetyl-D-glucal, its 2-acetoxy 
derivative, methyl 4,6-di-O-acetyl-2,3-dideoxy-B-D-eryihro-hex-2-enopyranoside, and 
1.2,4,6-tetra-O-acetyl-3-deoxy-cr-D-erytltro-hex-Z-enopyranose were investigated, and 
it was concluded that such unsaturated compounds are intermediates in the break- 
down of hexose peracetates. The work now reported was undertaken to assess the 
value of mass spectrometry as a means of locating the position of double bonds in 
unsaturated carbohydrate derivatives; in particular, we wished to apply it do com- 
pounds known to be either hex-Z- or hex-3-enopyranosides some of which could not 
be characterised readily by proton magnetic resonance methods. 
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RESULTS AND DEXUSSION 

Initially, the spectra of compounds (la-f) and (2a, b), which had previously been 
characterised by chemical methods, were investigated (Fig. 1-S). 
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For the dihydroxy compounds (la and lb, Figs. 1 and 2), postulated fragmenta- 
tion patterns are shown in Scheme 1; initial breakdown of the molecular ion occurs 
either by direct loss of individual ring substituents to give ions which retain the 

pyranoid ring (P fragmentation), or by retrodiene cleavage to give ions (RD series) 
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containing initially C-l, C-2, C-3, and C-4 and the substituents attached to C-l and 
C-4. The most intense ion is RD, , and it is noticeable that RD r gives more RD, and/or 
RD, (both m/e 85) than RD5 (nl/e 86) in the case of the ethyl glycoside (la), whereas 
this ratio is reversed (by virtue of increase in the m/e 86 ion) for the isopropyl com- 
pound for which the McLafferty rearrangement” (Scheme 2) is. more favoured. 

RD, ; m/e 128 RD,:m,b86 

SCHEME 2 

Evidence in support of the proposed RD fragmentation mechanism was obtained by 
recognition of metastable peaks for the transitions RD,+RD4, RD,dRD,, 
RD,-+RD,, and of ions corresponding to RD, + 1, RD,+ 1, RD,+ 1 (possibly 
RD6 + 1) and RD7 + 1 in the spectra of U-deuterated samples of the glycosides. 

For each of the acetates (lc-e and 2a, Figs. 3-6), five ions produced by loss of 
the aglycon (P mechanism) and subsequent degradations were observed at m/e 213, 
171, 153, 111, and 81 (Scheme 3; 81 and 171 of low intensity for the alkyl glycosides 
lc and 2a), and this represents the most important P fragmentation pathway occurring 
in these compounds. 

m/e 171 
SCHEME 3 

m/e 81 ’ 

Retrodiene ions (Scheme 4, RD,) are also readily apparent in the spectra of the 
acetates (lc-e, 2a), and these then simply lose ketene as shown in Scheme 4. Other 
subsequent fragmentations are relatively unimportant, so the degradation of the RD, 
ions is appreciably simpler than that of the corresponding hydroxyl-containing ions 
(Scheme 1, RD,). The spectra (Figs. 3-6) reveal that the relative significance of the P 
and RD degradation pathways depend on structure; those compounds having 
simple aglycons (lc and 2a) favour the retrodiene mechanism, whereas the more 
con&x glycosides (ld and le) give intense P fragments. Evidently, the C-1-0-1 bonds 
in the latter pair cleave relatively readily as has already been noted for methylated 
phenyl glycosides 11*r2 anddisaccharides13. 
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RQ: R- M+Z, m/e 142 R= Me, m/e 100 
R=Et , m/e 156 R=Et , m/e 114 

SCHEME 4 R=p-C&NO2 ,m[e 249 R=p-C6HJQO&nle2CV 

R=X*, m/e 370 R=X*, m/e 320 

* X = &deoxY-I,2 : 3,4-di-f.LisopropyIidene-a-0-gokxtOPYrOnos-b-Y1 

The two general modes of degradation observed for these acetates are those 
already proposed by Rosenthal4 for the fragmentation of methyl 4,6-di-O-ace@-2,3- 
dideoxy-B-D_erytAro-hex-2-enopyranoside, but under the conditions used in the 
present work much greater specificity within the P series was found. Whereas 
Rosenthal found appreciable proportions of ions derived by loss of the substituents at 
C-4 and C-5, in the present study P fragmentation occurred almost exclusively by loss 
of the aglycon. 

Replacement of the acetyl groups in such compounds by benzoyl groups leads 
to almost complete domination of the fragments derived from the carbohydrate 
moieties by ions having their origin in the ester groups. Thus, in the spectrum of 
methyl 4,6-di-O-benzoyl-2,3-dideoxy-cx-D-e~~f/z~~-hex-2-enopyranoside (If, Fig. 7), 
the only structurally significant ion of any intensity was the retrodienic ion 3, nz/e 204 

pzo_oMe]t 
3 

which, however, established that the molecule underwent the expected type of 
fragmentation. The main peaks had nz/e 122 (PhCOOH)f, 105 (PhCO)+, and 77 
(Ph)+. From the spectrum of ethyl 4-0-benzoyl-2,3-dideoxy-6-O-methanesulphonyl- 
cr-D-rizreo-hex-2-enopyranoside (2b, Fig. 8), expanded to amplify the structurally 
significant ions, fragments of the RD and P series were detected as follows: m/e 218 
(M-MsOCH,CHO)f, 311 (M-EtO-)‘, 189 (M-Et0 -PhCOOH)‘, 125 (M- 
Et0 - PhCOOH - SOJ + , 81 (pyrilium ion, favoured, in this case, by the electron- 
withdrawing properties of the methanesulphonyloxy group). 

From the mass spectra of the aforementioned glycosides, it is concluded that 
for 2,3-dideoxy-hex-2-enopyranoside derivatives with different groups at C-l, C-4, 
and C-6 the two main directions of fragmentation are direct loss of the ring substi- 
tuents and retrodiene cleavage. In the latter case, the primary dienic fragment contains 
C-l-C-4 and the C-l and C-4 substituents, so recognition of this ion confirms that the 
species undergoing cleavage contained a 2,3-double bond. This generalisation was 
then utilised in the structural analysis of compounds obtained by nucleophilic 
displacements of allylic substituents from C-4 of hex-2-enopyranoside derivatives, 

Carbohyd. Res., 13 (1970) 269-280 



UNSATURATED CARJSOHYDRATES. XIII 275 

and which could have been derived by either a direct substitution mechanism or by 
entry of the nucleophiles at C-2 and migration of the double bond to the 3,4_position. 

Treatment of ethyl 2,3-dideoxy-4,6-di-U-me~anesul_Dhonyl-a-D-erylilro-hex-2- 
enopyranosideL4 (4) with sodium azide and potassium thiocyanate in NJ-dimethyl- 
formamide gave products 5 and 6, respectively, and these isomerised on heating to 
give compounds 7 and 8. The rearranged products were then each converted into 
ethyl 2-acetamido-2,3,4,6-tetradeoxy-cc-D-tfzreo-hex-3-enopyranoside (9) as illustrated 
in Scheme 5, and the 2,3-unsaturated isomer 11 of the product 9 was obtained by 
direct reduction of compound 5 followed by acetylation. All of the compounds in 
Scheme 5 have given correct chemical and p.m.r. spectra, although the positions of the 
double bonds were difficult to assign by n.m.r. means; full details of this work will be 
reported in a separate communicationg. 

-NTaOE+ 50EAQ0 _ GOEt 
HCONMez 

,;; ;,-~CoNMez 

CH*OMs 6 8 10 

rt)l 

\ CHso 

\ 
AcNH 

MsO OEt 

N$.HC:N; & 

ch OEt 
C%OMs 

/ 

9 

N3 0 
,I LIAIH~ 

I 2 n ii)Ac,O 

OEt 

In the spectrum of compound 11 (Fig. 9), the most intense ions were observed 
at mJe 155, 113, and 84, indicating clearly that retrodienic fragmentation of a 2,3- 
unsaturated hexoside derivative had occurred (Scheme 6), and establishing that the 
displacement of the mesyloxy group (from compound 4) took place at C-4 without 
rearrangement of the allylic system. On the other hand, the spectrum of the 6-deoxy 
compound 9 obtained from both the azide 5 and the thiocyanate 6 revealed no such 
ions (Fig. 10). Instead, the most abundant ions had nz/e 125 and 83, which can be 

Fig. 9. 

IO 60 80 100 120 140 160 180 200 220 240 260 

de 

155 ‘H3 

AcHN 0 

113 
cJ OCH2CH3 

w;. 199 
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Fig. 11. 

81 

80 200 220 240 260 

accounted for by the fragmentation shown in Scheme 7, i.e., by retrodiene fragmenta- 
tion of a 3,kmsaturated glycoside. Compound 9 therefore was formed after sigma- 

L J 

m/e 199 
m/z 155 m/e 113 

SCHEME 6 
m/e 64 

tropic rearrangements of the azide 5 and the thiocyanate 6 as shown in Scheme 5. 

The spectrum of compound 10 (Fig. 11) confirms this by showing intense retrodienic 

ions (Scheme 8) derived from a 3,kmsaturated compound, and no ion with m/e 155 

(M - MsOCH,CHO)+ expected for the 2,3-unsaturated isomer. 
The spectrum of the azide 5 obtained by selective displacement of a mesyloxy 

group from the disulphonate 4 showed ions of m/e 139, 111, and 82 (Fig. 12), indicative 

of retrodienic fragmentation of a 2,3_unsaturated glycoside (Scheme 9). No m/e 203 
ion (M-HCOOEt)+ was observed, confirming the absence of a 3&double bond. 
Other ions of high m/e ratios in the spectrum of this compound are attributable to 

P fragmentations. 

Thiocyanate 6, expected to be structurally analogous to the azide 5, surprisingly 
gave a spectrum (Fig. 13) identical to that of the isothiocyanate 8 into which it was 

converted on heating. This thermal rearrangement therefore also occurred in the mass 
spectrometer prior to fragmentation. That the thermodynamically stable isomer 

contains a 3&unsaturated ring is evidenced by the formation from it of an ion m/e 219 
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[GE]_:__ [,rJLco_[~ I’ 
m/e 293 m/e 279 

NH 

m/e 177 

m/e 123 

SCHEME 6 

r 
$%OMs 1’ 

r 1’ 

m/e 81 

SCHEME 9 

and of related fragments (Scheme lo), and further by the absence of an ion of ilz/e 155 
(M -MsOCH,CHO)f . Other ions in this spectrum are readily assignable to products 
of P fragmentation. 

SCHEME 10 

NCS 

m/e 140 
m[e 81 

Mass spectrometry therefore failed as a means of characterising compound 6. 
However, when the eryrhro-thiocyanate (12, obtained from the three-isomer of the 
dimethanesulphonate 4) and the isothiocyanate '(13) were examined, it was ascertained 
that the former had a 2,3-unsaturated structure. The spectrum of compound 13 was 
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very similar to those of the rlzreo-isomers (6 and S), but in the spectrum of the thio- 
cyanate 12 the ion m/e 219 (M -HCOOEt)f had an intensity of only 20% (65-75% 
for the other three isomers), whereas the ion m/e 155 (M - MsOCH,CHO)* now also 
had intensity 20%. This indicates that compound 12 has the illustrated structure, and 
that the thermal isomerisation occurs less readily with this erythro glycoside than with 
the thee isomer 6; this concIusion is consistent with results obtained on heating the 
compounds in solutiong, and with expectations, since the thiocyanate group is quasi- 

axial and thus more suitably oriented for migration in the three-compound 6. 
The spectra of such thermally unstable aI1yI.k derivatives as the tbiocyanate 6 

clearly must be interpreted with caution, since retrodienic fragments may not be 
derived from the initiai compounds. Allylic acetates are subject to this difliculty, and 
aliylic rearrangements have been described for ions containing this structurai feature 
and which were derived from saturated aldose peracetates”. Since tri-0-acetyl-D- 
gIuca1 rearranges on heating to 1,4,6-tri-O-acetyl-2,3-dideoxy-D-erythro-hex-2-enose ’ 6, 
it might be expected to give on fragmentation an ion m/e 170 (M -AcOCH,CHO) ? ; 
this was formed in significant intensity, and the expected daughter radical-ion (14, 
m/e 128) was also present5. 

& 
PCC 

NCS OAC 0.k 

72 13 14 lb 16 
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In related fashion, 1-deoxyald-1-enose esters (hydroxyglycal esters) (e.g., 15, 
R = H or CH,OAc) rearrange thermally to 3-deoxyald-tenoses esters” (e.g., 16, 
R = H or CH,OAc), and it is not surprising, therefore, that Rosenthal found an ion 
m/e 228 (M-AcOH,CCHO)+ in the mass spectrum of tetra-O-acetyl-2-hydroxy-D- 
glucal (15, R = CH,OAc). The intensity of this ion, however, was minute in his 
spectrum. In our spectrum of this compound, this ion had appreciable intensity 
(ca. 8% of base peak m/e 126), but, as revealed by a metastable ion at nrJe 180.5, was 
derived (at least in part) by loss of acetic acid from the ion m/e 288, and not directly 
from the molecular ion; allylic isomerisation prior to fragmentation is therefore not 
established in this case. Surprisingly, when 1,2,4-tri-O-acetyl-3-deoxy-p-n-g-glycero- 

loo- E8 < 
e “z SO- 85 

G 

0 

)I 

OAc 

d 
J 60- 43 AC 

2 
40- 

16,R=H Chc 

Y 
156 M. w. 250 

F 97 
u 20- 
-I 

I ,I I .,” .1* 
1y139 

:..I, I . *, 1, 
170 

iz 199 2I6 
I_ 

40 60 80 100 120 140 160 180 200 220 240 260 

m/e 

Fig. 14. 

pent-Zenopyranose’ ’ (16, R = H) was examined, no ion (m/e 228) formed by 
retrodienic loss of formaldehyde was produced (Fig. 14), but instead a series was 
present which indicated that 2,3- to 3,Pmigration of the double bond had preceded 
fragmentation (Scheme 11). This is somewhat unexpected, since this derivative (16, 
R = H) can be obtained by thermal rearrangement of the hydroxyglycal esterl’ 
(15, R = H), and since efforts to carry out further isomerisations of several 2,3- 

+ 

[@I ,qJL.__ ,‘-(-L[&oJz$$ 

CHX m/eas m/e VO de 128 0 
m/e 258 SCHEME 11 

0 

0 

+ 

m/e 85 

unsaturated compounds failed r8. However, it is consistent with the fact that the system 
OAc OAc 
I I 

-CH = CH-CH-O- is thermodynamically more stable than -CH-CH = CH-0-, 
as evidenced by the rearrangements’ ’ 15416, and tri-U-acetyl-D-glucal to 
1,4,6-tri-O-acetyl-2,3-dideoxy-~-erythro-hex-2-enose 16. We have observed ions of 
low intensity at ??z/e 242, 200, 140, and 98 in the spectrum of tetra-0-acetyl-2- 
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hydroxy-D-glucal (15, R = CH20Ac) which suggests that this compound may also 
isomerise partially to a 3,4_unsaturated isomer before fragmentation. 

EXP-AL 

The mass spectra were measured with an MX-1303 instrument at an ionising 
potential of 70 eV. Samples were introduced into the ionisation chamber either by way 
of a stainless-steel reservoir heated at 100-120” (compounds la, lb, lc, 2a, 9, ll), or 
directly into this ion source at 30-50”. 
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ABSTRACT 

The acid-catalysed methanolysis of 1,2:5,6-di-O-isopropylidene-a-D-allo- 
furanose gives at least six products in proportions depending on the reaction condi- 

tions. The products are the methyl glycosides of cc- and /I-D-allopyranose and a- and 
B-D-allofuranose, methyl 2,3-0-isopropylidene-/I-D-allofuranoside, and methyl 2,3:5,6- 
di-0-isopropylidene-/?-D-allofuranoside. The last two compounds are products of 
acetal migration. 

INTRODUCTION 

Methyl a- and /3-D-allopyranosides were required in connection with other 
work, and although methods for their synthesis have been reported recently1*2, the 
methanolysis of the readily available 1,2:5,6-di-0-isopropylidene-OZ-D-allofuranose 
appeared to offer a convenient route to both compounds which could then be con- 
veniently separated by ion-exchange chromatography. 

RESULTS AND DISCUSSION 

When 1,2:5,6-di-0-isopropylidene-a-D-allofuranose (1) (prepared by an 
improved method) was refluxed for 20 h in 2.4% methanolic hydrogen chloride, the 
products were shown by n.m.r. spectroscopy to contain 0-isopropylidene compounds. 
Crystallization of the product mixture gave, in low yieid, a methyl di-O-isopro- 
pylidenehexoside 2, and, SubsequentIy, methyl j?-D-ailopyranoside. Chloroform 
extraction removed the remaining 0-isopropylidene compounds, and fractionation 
of the aqueous layer on a strongly basic anion-exchange resin gave, in order of elution, 
syrupy methyl mono-0-isopropylidenealloside 3 (contaminated with small pro- 
portions of other compounds), methyl a-D-allopyranoside (14%, characterised as the 
tetraacetate), methyl /3-D-allopyranoside (total yield, 32%), methyl a-D-allofuranoside 
(2.5%), and methyl B-D-allofuranoside (5.5%). The chloroform e&act contained 
mainly two compounds which were separated by several partitions between chloro- 
form and water to give more di-0-isopropylidenehexoside 2 (total yield, 1.6%) and 
mono-0-isopropylidenealloside 3 (total yield, 26%). 

Carbofzyd. Res., 13 (1970) 281-287 



282 J. M. WILLIAMS 

MQme %J=mog$; 
Me 

Me Me Me 

4 5 6 

The structure of 3 was established by n.m.r. and mass spectroscopy. The mass 
spectrum showed a strong P- 15 peak at 219, which is due to loss of Me from the 
0-isopropylidene function3, and a weak P-31 peak due to loss of OMe from C-l. 
The ion 4 at 173, resulting from cleavage of the C-4-C-5 bond, established the 
furanoside structure and also the position of the 0-isopropylidene function. The 
8-D configuration followed from the n.m.r. spectrum (J,,, to.5 Hz) and optical 
rotation ([cc],, -43” in water). Compound 3 gave a crystalline ditoluene-p-sulphonate 
which did not have a sharp melting point, but which had n.m.r. and mass spectra 
consistent with its structure as the ditoluene-p-sulphonate of 3; the mass spectrum 
contained a very weak parent ion at 542 and a strong P - 15 ion, which was shown to 
have the correct formula by accurate mass measurement_ Compound 3 consumed one 
equivalent of periodate with concomitant liberation of formaldehyde, and on acid 
hydrolysis gave a mixture of allose and 1,6-anhydroallose. 

That 2 was methyl 2,3:5,6-di-0-isopropylidene-fi-D-allofuranoside was suggested 
bythen.m.r.data; thevaluesofl, ,z (-OHz), J2,3 (6Hz),and J,,,(-0Hz)weresimilar 
to those 4S5 of3 and other 2,3-0-isopropylidenefuranose derivatives of type 5. The mass 
spectrum of 2 showed a strong P - 1.5 peak at 259, and a weak P - 3 1 peak at 243 (loss 
of OMe). The 173 ion could be formed by cleavage of the C-4-C-5 bond in the 
furanoside 2, or by “h-rupture” in the 2,3:4,6-di-O-isopropylidenepyranoside”. The 
presence of a very strong peak at 101, however, suggested3 the furanoside structure 2, 

and this was proved by the formation of 2 from the mono-O-isopropylideneallo- 
furanoside 3 under mild, neutral conditions. The B-D configuration followed from the 
value of J,,? and the optical rotation ([& - 54”). 

The methyl LX- and j?-D-allofuranosides, not previously reported, gave a mixture 
of allose and 1,6-anhydroallose on acid hydrolysis. The anomeric configurations 

were assigned from the values of J, 2 ( 3 Hz for a-anomer, 2 Hz for /3-anomer) and 
[aID ( + 13 1 c for cr-anomer, - 57.5” for /3-anomer). 

The unfractionated products of methanolysis could be conveniently analysed by 
n.m.r. spectroscopy by integration of the signals in the OMe region (assuming all 

*The possibility of an “h-type” framentation6 was pointed out by a referee. 
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products were methyl glycosides). Thus, di-O-isopropylideneallose 1 in 2.4% 
methanolic hydrogen chloride gave, after refluxing for 20 h, a product containing 
46% of &pyranoside, 23% of 0-isopropylidene derivative 3, and 23% of a-pyranoside 
+B-furanoside. An increase in the reaction time to 48 h decreased the amount of 
compound 3, and the major products were then the fi-pyranoside (51%) and 
a-pyranoside (30%). Milder reaction conditions [e.g., methanol containing cation- 
exchange resin (H+ form) at room temperature] gave, after three days, a product in 
which the U-isopropylidenealloside 3 predominated (58% estimated by n.m.r.). 
Controlled hydrolysis of 3 in methanol-N hydrochloric acid (9:l) gave methyl B-D- 
allofuranoside as the major product. 

The 0-isopropylidene compounds 2 and 3 are poducts of acetal migration; 
presumably 3 is formed from 1,2- O-isopropylidene-a-D-tiofuranose, since this 
compound was shown by t.1.c. to be formed in the early stages of the reaction*. 
2,3-U-Isopropylidene-D-allose is presumably an intermediate in the rearrangement, 
since it has been shown’ that in the methanolysis of 1,2-O-isopropylidene-a-D-gluco- 
furanose D-glucose is formed prior to methyl D-glucofuranosides. Similarly, 2,3:5,6- 
di-0-isopropylidene-D-allose would be an intermediate in the formation of 2. 

The observation of these acetal migrations is important because such migrations 
are not normally considered to occur under mild, acidic conditions’*‘. Attempts by 
Baggett et al. lo to detect, by n.m.r. spectroscopy, migration of 0-isopropylidene 
groups in alditol acetals led to the conclusion that such migrations did not occur 
under hydrolytic conditions. The closely related rearrangement of the 1,2-O-isopro- 
pylidene-D-ribofuranose derivative 6 to the 2,3-O-isopropylidene derivative in acidic 
methanol solution has recently been reportedl’. Migration of an O-isopropylidene 
function on a pyranose ring is now known also; the 2,3-O-isopropylidene derivative is 
formed as an intermediate in the hydrolysis, in aqueous acetic acid of 1,6-anhydro-3,4- 
0-isopropylidene-&D-talopyranose’2. The recently reported’ 3 rearrangement of 
1,2-0-isopropylidene-c+D-apio-L-furanose differs from those described above in that 
the mechanism involves opening of the furanose ring. 

The a- and /?-D-allopyranosides can therefore be obtained in good yield from 
1,2:5,6-di-0-isopropylidene-a-D-allose (1) provided that the conditions ensure 
complete reaction of the relatively stable (in acidic, anhydrous methanol) 2,3-0- 
isopropylidene-D-alloside 3. 

EXPERIMENTAL 

General methods. - Solutions were concentrated under diminished pressure. 
Melting points are uncorrected_ Thin-layer chromatography (t.1.c.) was performed on 
Silica Gel G (Merck), and compounds were detected by spraying with 5% ethanolic 
sulphuric acid followed by heating for 10 min at 120”. Gas-liquid chromatography 
(g.1.c.) was carried out on the trimethylsilyl ethers ’ 4 on 8-foot glass columns of 3.4% 
silicone rubber UCW 98 (F and M, LP166) on silanized 60-80 Chromosorb W, and 

*The detection by paper chromatography of allose also in the early stages of the reaction demon- 
strates rhat methanolysis and migration of the acetal group are competing processes. 
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10% Carbowax 20M on 60-80 Chromosorb W, using an F and M Model 810 gas 
chromatograph with flame-ionization detector. N.m.r. spectra were recorded on a 
Varian HA-100 MHz spectrometer. Mass spectra were measured on an A. E-1. MS9 
spectrometer by using the direct-insertion probe. 

1,2:5,6-Di-0-isopropylidene-a-D-aNofuranose (1). - The method of Sowa and 
Thomas’ ’ for the preparation of 1 from 1,2:5&k&O-isopropylidene-a-D-gluco- 
furanose was modified by purifying the intermediate hex-Zulose acetal via its 
bisulphite addition compound’ 6. The regenerated hexulose derivative was reduced, 
without isolation, to 1 in 61% overall yield. Thus, column chromatography was 
unnecessary. 

Methanolysis of 1,2:5,6-di-0-isopropyiidene-a-D-allofuranose (1). - The acetal 
1 (9.4 g) was refluxed in anhdyrous methanol (315 ml) containing 2.4% (w/v) of 
hydrogen chloride (generated from 15 ml of acetyl chloride) for 20 h. The neutralised 
[Amberlite CG-45 (HO-) resin] solution was shown by t.1.c. (ethanol) to contain three 
major and three minor products. Filtration and evaporation of the methanolic 
solution gave a syrup which when dissolved in water deposited methyl 2,3:5,6-di-0- 
isopropylidene-B-D-allofuranoside (2, 29 mg), m-p. 67-68”. Aliquots were removed 
from the filtrate for n.m.r and g.1.c. analysis. The n.m.r. spectrum (pyridine) contained 
two doublets (7 8.50 and 8.56) due to O-isopropylidene groups and four OMe signals 
(7 6.46, 6.59, 6.61*, and 6.71; estimated relative intensity 6:1:3:3, respectively). G.1.c. 
analysis was of limited use, since methyl a- and /?-D-allopyranosides had the same 
retention times on each column. 

The syrup obtained on concentrating the aqueous solution gave, when diluted 
with absolute ethanol (7 ml), a solid (1.62 g, m-p. 155-159”) which, on recrystallisation 
from absolute ethanol, gave methyl B-D-allopyranoside (1.22 g), m.p. 158-160”; lit. 1 
m-p. 154-155”). The mother liquor was concentrated to dryness, and the residue was 
dissolved in water (70 ml) and extracted with chloroform (7 x 60 ml). The aqueous 
layer was concentrated to dryness, and another crop (0.38 g) of methyl B-D-allo- 
pyranoside obtained on crystallisation from ethanol. The residue from the mother 
liquor was dissolved in water (4 ml) and fractionated on a column (2.5 x 54 cm) of 
Deacidite FF (HO-) resin I7 by eluting with carbon dioxide-free water and collecting 
cu. lO-ml fractions. Fractions 1 I-16 gave methyl 2,3-O-isopropylidene-/I-D-allo- 
furanoside (3, 118 mg), shown by n.m.r. and t.1.c. to contain small proportions of 
other compounds. Fraction 17 contained 3 and methyl a-D-allopyranoside. Fractions 
18-21 gave the pure cr-D-pyranoside (0.99 g, characterised by n.m.r.’ and as its 
tetraacetate, m-p. and mixed m-p. 121-122”). Fraction 22 gave a mixture of a- and 
/I-D-pyranosides (24 mg). Fractions 23-32 gave slightly impure B-D-pyranoside 
(0.9 g), recrystallisation of which gave material (0.63 g) having m.p. 160-161”. 
Fractions 36-45 gave methyl a-D-allofuranoside (l74 mg) which, after recrystal- 
lisation from ethanol, had m.p. 108-log”, [a];’ + 131” (c 0.265, water). 

An&. Calc. for C,H,,O,: C, 43.3: H, 7.26. Found: C, 43.3: H, 6.81. 

*This peak was subsequently resolved into two in expanded spectra (250 Hz sweep width). 
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Fractions 78-100 gave a syrup (387 mg) which was crystallised from ethyl 
acetate to give methyl B-D-allofuranoside, m-p. 86-88”, [a]:: -57.5” (c 0.195, water). 

Anal. Calc. for C7H1406: C, 43.3; H, 7.26. Found: C, 43.2; H, 7.26. 
The chloroform extract contained mainly the two compounds having highest 

RF values (0.4 and 0.8, t.1.c. in ethyl acetate). These were separated by extraction of 
the chloroform solution (45 ml) with water (5 x 45 ml). Compound 2 (RF 0.8) 
remained in the chloroform layer, concentration of which gave a syrup (0.21 g) which 
crystallised on standing. Recrystallisation from aqueous ethanol, followed by 
sublimation, gave methyl 2,3:5,6-di- U-isopropylidene-j3-D-allofuranoside (2, 130 mg), 
m.p. 67-68”, [aIt -54” (c 0.19, chloroform); mass spectrum: m/e 259 (50%), 243 
(2%), 173 (II%), 141 (20%), 126 (12.5%), 115 (16%), 113 (12.5%), 101 (100%); 
n.m.r. data (CD&): r 5.11 (l-proton singlet, H-l), 5.19 (l-proton doublet, J 6 Hz, 
H-3), 5.44 (l-proton doublet, J 6 Hz, H-2), 5.92-6.14 (4proton multiplet, H-4, H-5, 
H-6a, H-6b), 6.75 (3-proton singlet, OMe), 8.52,8.56,8.65,8.67 (four 3-proton singlets, 
CMe). 

Anal. Calc. for C13H2206: C, 56.9; H, 8.08. Found: C, 56.9; H, 8.40. 
Concentration of the aqueous layer gave methyl 2,3-0-isopropylidene-B-D_ 

allofuranoside (3) as a syrup (2.07 g), [cc]:’ -43” (c 0.35, water); i.r. data: vs&!’ 
3450 cm- ’ (strong, broad OH absorption); mass spectrum: r?z/e 219 (1 l%), 203 (Z%), 
173 (20%), 159 (6%), 141 (2%), 127 (8%), 115 (ll%), 113 (17%), 59 (100%); n.m.r. 
data (pyridine): r 3.8 (broad singlet, OH), 4.63 (l-proton broadened doublet, Jz,3 6, 
J3,4 < 1 Hz, H-3), 4.85 (l-proton singlet, J e 0.5 Hz, H-l), 5.23 (l-proton doublet, 
J2,3 6 Hz, H-2), 5.35 (l-proton broadened doublet, J3,4 < 1, J4,5 9 Hz, H-4), 
5.72-6.13 (3-proton multiplet, H-5, H-6a, H-6b), 6.72 (3-proton singlet, OMe), 
8.48 and 8.68 (3-proton singlets, CMe); the presence of two exchangeable protons 
was shown by the CDCl, and CDCIJD,O spectra. The 0-isopropylidenealloside 3, 
when treated with O.Ol& sodium metaperiodate, consumed 1 equivalent of periodate 
(determined spectrophotometrically) l8 in 3 and 48 h. In a separate experiment, 
formaldehyde was isolated as the dimedone derivative (32%, m.p. and mixed m.p. 
196” after two recrystallisations) after oxidation for 20 h. 

When the methanolysis was carried out for a longer period (48 h), n.m.r. 
analysis of the product (in pyridine) gave the following results. 

Compound OMe t value %= 

p-Pyranoside 6.47 51 
a-Furanoside 6.60 4 
a-Pyranoside 6.62 30 
&Furanoside 6.63 6 
AcetaI3 6.71 9 

Walculated from the average of three integrals. 

Methyl 2,3-O-isopropylider2e-5,6-di-O-toluene-p-sulphonyl-~-~-al~ofuranoside. - 
The acetal 3 (106 mg) in anhydrous pyridine (5 ml) was treated with toluene-p- 
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sulphonyl chloride (260 mg). Reaction was shown by t.1.c. to be complete after 18 h. 
The reaction mixture was poured into ice-cold water, and the emulsion which formed 
slowly precipitated. Recrystallisation of the tiltered solid (m-p. SO-100°) from ethanol 
gave very fine needles (73 mg), m.p. 100-120”. Recrystallisation from chloroform- 
light petroleum gave material (67 mg), m-p. 104-120”, which was homogeneous on 
t.1.c.; the i.r. spectrum showed the absence of hydroxyl and the presence of tosyl 
groups; mass spectrum: m/e 542 (very weak), 527 (14%), 511 (~0.2%)) 467 (to.1 %), 
424 (m-0.2%), 252 (lo%), 173 (17%), 155 (RIO%), 141 (5%), 139 (7%), 127 (7%), 
115 (9%), 113 (9%); n.m.r. data (CDCI,): T 2.20-2.38 (4-proton multiplet, ArH), 
2.62-2.78 (4-proton multiplet, ArH), 5.14 (l-proton singlet, H-l), 5.28-5.46 (2-proton 
multiplet), 5.55 (l-proton doublet, J 6 Hz, H-2 or H-3), 5.63-6.02 (3-proton multiplet), 
6.78 (3-proton singlet, OMe), 7.57 (3-proton singlet, ArMe), 8.59, 8.76 (two 3-proton 
singlets, ClMe). Microanalysis was unsatisfactory, but the molecular formula was 
established by accurate mass measurement of the P- 15 ion; talc. for C,,H,,O,&: 
527.1046; found 527.1023&0.0025. 

HydroZysis of the methyl D-allofuranosides and monoacetal 3. - Samples (ca. 
30 mg) of methyl or-D-ailofuranoside, methyl /?-D-allofuranoside, and 3 were hydroly- 
sed separately in water (10 ml) containing Bio Rad AG 5OW-x2 (H+) resin (ca. 1 ml) 
for 2.5 h at 100”. Analysis by paper chromatography revealed (detection with alkaline 
AgNO,) spots corresponding to allose and 1,6-anhydroallose. The same mixture was 
obtained on hydrolysis of 1,2:5,6-di-O-isopropylidene-cr-D-allofuranose. The com- 
bined, filtered hydrolysates were concentrated to a syrup which crystallised. Recrystal- 
lisation from absolute ethanol gave /I-D-allose, m-p. 129-132”, lit.” m-p. 128”. 

Controlled hydrolysis of the monoacetal3. - A solution of 3 (92 mg) in methanol 
(4.5 ml) containing N hydrochloric acid (0.5 ml) was refluxed for 35 min. The 
neutralised [Amberlite CG-45 (HO-) resin] and filtered solution was concentrated to 
a syrup which was shown to contain mainly methyl /I-D-allofuranoside by n.m.r. 
and g.1.c. data. The relative retention times (min) on the Carbowax column (operated 
at 172”) were methyl a- and /?-D-allopyranoside (l-O), methyl B-D-allofuranoside 
(l-43), methyl cr-D-ahofuranoside (2.28), and methyl 2,3-O-isopropylidene+D- 
allofuranoside (2.39); the /3-furanoside was formed in 76% yield, determined by 
using a disc integrator and assuming that all compounds present gave equivalent 
detector responses. The yield of /?-furanoside was estimated to be 68% from the 
integral of the n.m.r. spectrum. 

Controllen methanolysis of 1,2:5,6-di-0-isopropylidene-r-D-aiiofuranose (1). - 
The acetal 1 (0.43 g) in anhydrous methanol (10 ml) was magnetically stirred with 
Bio Rad resin (4 ml, AG 5OW-x2, H+ form, washed with anhydrous methanol) at 
room temperature, and the reaction was followed by t.1.c. and paper chromatography. 
After 5 min, the mixture contained mainly starting material and 1,2-U-isopropylidene- 
cr-D-allofuranose, together with a trace of allose. After 30 min, 3 was also present and 
at least one other unidentified compound. After 3 days, 3 was the major component, 
and was estimated by n.m.r. to constitute 58% of the mixture. 

Formation of methyl 2,3:5,6-di-0-isopropylidene-8_D-allofuranoside (2) from the 
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mono-O-isopropylideneallofuranoside 3. - Anhydrous copper sulphate (ca. 100 mg) 
was added to a solution of 3 (63 mg) in dry acetone (5 ml). T.1.c. analysis after 3 h at 
room temperature indicated that the solution contained the di-O-isopropylidene- 
alloside 2, together with a small proportion of a compound having the same RF value 
as 3. The latter compound was still present after 23 h. The product was isolated 
crystalline by evaporation of the filtered solution; sublimation gave the di-U-isopro- 
pylidenealloside, m.p. 65-66”, mixed m-p. with 2 isolated above, 65-67”. 
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Note 

Hydrazinadditionsverbindungen von 1 ,Z-U-lsopropyliden-a-D-xy/u- 
hexofuranurono-6.3~lacton-5-ulose’ 

H. PAULSEN UND H. KUHNE 

Ittstitrct fiir Organische Chetnie, Uttiuersirrir Hamburg, Hamburg (Deutschland) 

(Eingegangen den 9. Juni, 1969; modifiziert den 4. September, 1969) 

1,2- O-Isopropyliden-cr-D-xylo-hexofuranurono-6,3-lacton-~-ulose ist auf meh- 
reren Wegen ’ *‘, am besten durch katalytische 0xydation3 von 1,2-O-Isopropyliden- 
cr-D-glucofuranurono-6,3-lacton zug5nglich. Die Ulose kristallisiert stets als Hydrat 1, 
denn sie lat sich xnit Hexamethyldisilazan und Chlortrimethylsilan in Pyridin zum 
Bis(trimethylsilyl)5ther 2 umsetzen. Das n.m.r.-Spektrum stimmt mit.der Struktur 2 
tiberein und das Massenspektrum zeigt zwar kein Molektilion (MZ 376), daftir aber 
ein Ion der griil3ten Masse MZ 361 = M+ - 15. Dieses Ion kommt durch Abspaltung 
eines Methylradikals aus der Isopropyliden- oder Trimethylsilylgruppe des Mole- 
kiilions zustande. Die Additionsverbindung der Ulose mit Wasser 1 besitzt somit 
eine hohe Stabilitgt, die durch die benachbarte Lactoncarbonylgruppierung bedingt 
ist, die die Additionsfreudigkeit nucleophiler Reagenzien entsprechend erhiiht. 

Es wurde gefunden, daI3 1 such stickstoffhaltige Addukte zu bilden vermag. 
Mit Phenylhydrazin in Athanol setzt sich 1 in hoher Ausbeute zum kristallinen 
Addukt 3 urn. Ein Phenylhydrazon entsteht nicht und kann such nicht durch Wasser- 
abspaltung aus 3 dargestellt werden. Der Lactonring wird durch das schwach basische 
Phenylhydrazin nicht gespalten, denn die Laeronbande ist im i.r.-Spektrum von 3 
(1780 cm- ‘) unverandert vorhanden. Mit Hexamethyldisilazan und Chlortrimethyl- 
silan in Pyridin ergibt 3 den Mono(trimethylsilyl)Bther 4. Im n.m.r.-Spektrum von 4 
ist eine Trimethylsilylgruppe sichtbar. Das Massenspektrum von 4 zeigt ein Mole- 
kiilion MZ 394. Als Hauptschritte der Prim%spaltungen werden die Abspaltung von 
Trimethylsilanol (M+ - 90) und Phenyldiimin (M t - 106) beobachtet. Verbindung 3 
stellt somit ein Carbinolhydrazin dar. Nur wenige offenkettige Verbindungen von 
diesem Typ sind bisher bekannt 4-6 Die Reaktionsprodukte von Dioxobernstein- . 

s%.trepropylester und Oxalessigsaureathylester mit Phenylhydrazin werden von 
Anschiitz und Pauly6 als Carbinolhydrazine formuliert. 

Die Kopplungskonstanten (Versuchsteil) im n.m.r.-Spektrum von 3 entsprechen 
weitgehend den Werten, wie man sie allgemein in 1,2-Isopropylidenfuranosen findet’, 
so daB eine entsprechende Verdrehung des Furanoseringes zu einer ,,skew“-Kon- 
formation anzunehmen ist ‘. Das Molekiilmodell von 3 lgl3t erkennen, da13 die 

*Hydrazinreaktionen VIII; VII. Mitteil.: H. Paulsen und D. Stoye, Chem. Ber., 102 (1969) 3833. 
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Kbnfiguration am neuen asymmetrischen Atom C-5 vermutlich so ist, daf3 der 
groge Phenylhydrazin-Rest in exe-Stellung zum ankondensierten Furanosering steht, 
wie es in Formel 3,4, und 5 gezeigt wird. Eine endo-Stellung erscheint aus sterischen 

Griinden recht unwahrscheinlich. 

1 R=H 
2 R = SitMe) 

3 R=* 
4 R= SitMel 

Mit Hydrazin setzt sich 1 ebenfalls zu einem Carbinolhydrazin 5 urn. Das 
stark basische Hydrazin Sffnet hierbei den Lactonring zum Hydrazid. Im i-r.-Spektrum 
von 5 ist die Lactonbande (1780 cm-‘) verschwunden, und hierftir erscheint eine 
Hydrazidbande (1660 cm-‘). Das n.m.r.-Spektrum von 5 in Dimethylsulfoxid-d, 
zeigt ein Dublett bei r 4.13 (H-l) und ein Doppelsignal fib die Isopropylmethyl- 
gruppen bei T 8.71. Die restlichen 11 Protonen liegen im Multiplett bei T 5.6. Von 
den 11 Protonen sind 8 austauschbar, denn nach dem Austausch mit Deuterium- 
oxid bleibt ein Multiplett von 3 Protonen des Furanoseringes zuriick. Dieses Verhalten 
steht mit Formel 5 in Ubereinstimmung. 

Die Carbinolhydrazine vom Typ 3 und 5 besitzen offenbar eine erhijhte 
Stabilitgt. Es ist nicht gelungen, Amine, wie Anilin, Benzylamin oder Semicarbazid 

mit 1 zu entsprechenden Additionsverbindungen umzusetzen. Mit Hydroxylamin 
wird kein einheitliches Produkt erhalten. Auch die Ergebnisse der Hydrierung von 

3 und 5 sprechen dafiir, dal3 aus 1 gebildete Carbinolamine wesentlich instabiler 
sind. Die Hydrierung von Carbinolaminen verlsuft in der Regel so, dal3 eine C-O- 
Bindung bevorzugt vor einer C-N-Bindun, = hydrierend gespalten wird, so da13 bei 
der Hydrierung Amine erhalten werden ‘. Bei analoger Reaktionsfolge miissten aus 
den Carbinolhydrazinen pritir Hydrazino-Verbindungen erhalten werden, die unter 
N-N-Spaltung in Amine iibergehen. Bei der Hydrierung von 3 und 5 wird jedoch 
prim% stets die N-N-Bindung des Hydrazins gespalten. Die so gebildeten Carbinol- 
amine sind instabil und zerfallen unter Aminabspaltung, so da13 als Hydrierungs- 
produkte 1,2-O-Isopropyliden-r-~-glucofuranurono-6,3-lacton bzw. dessen Amid 
zuriickerhalten wird. 

EXPERMENTELLER TEIL 

Allgemeines. - AlIe Reaktionen wurden diinnschichtchromatographisch 

verfolgt (Kieselgel G nach Stahl), mit Benzol-Athanol (4:l) als Laufmittel und 
NJ-Dimethyl-p-phenylendiamin in Schwefelsiiure (2O%ig) als Spriihmittel. Die 
n.m.r.-Spektren wurden mit dem GerZt Varian A-60 aufgenommen. Die Massen- 
spektren wurden mit dem Gergt Atlas MAT-SMl aufgenommen. 
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1,2-O-Isoprop~~iider~-5-di-O-(trimet~~yIsily~-~-~-xylo-l~e~of~~ra~~urono-6,3-Zacton- 
S-zrlose-Izydrat (2). - 1,2-O-Isopropyliden-cr-~-xyio-hexofuranurono-6,3-lacton-5- 

ulose-hydrat3 (100 mg) wird in abs. Pyridin (5 ml) gelSst und mit Hexamethyl- 
disilazan (150 mg) und drei Tropfen Chlortrimethylsilan versetzt. Man ElBt 4 Stdn. 
bei Raumtemperatur stehen und engt dann ein. Den Kristallbrei extrahiert man mit 
Benz01 und engt ein. Der erhaltene Sirup wird an der Kapselpumpe getrocknet 
(163.5 mg, 100%). 

Anal. Ber. fiir C15Hts07Si2: C, 48.27; H, 7.32. Gef.: C, 48.41; H, 7.28. 
5-Del?ydro-I,2-O-isopropylide~~-5-p~~e)~y~~~ydra~ii~o-u-D- gluco - Cj3 - I;- ido)-fwan- 

urono-6,3-Zacton (3). - 1,2-O-Isopropyliden-cr-~-xylohexofuranurono-6,3-lact~n-5- 
ulose-hydrat3 (100 mg) wird in iithanol (30 ml) gelijst und unter Riihren mit 
Phenylhydrazin (50 mg) in AthanoI (1Oml) versetzt. Die Reaktionsliisung wird 

2 bis 3 Stdn. bei Raumtemperatur gehalten und dann bei - 15” stehengelassen. Man 
filtriert die ausgefallenen Kristalle ab, w&cht gut mit PetrolZther (60-70”) und 
trocknet. Umkristallisation aus Ather ergibt farblose Nadeln (123 mg, 89%); 
Schmp. 206-207”; n.m.r.: in Dimethylsulfoxid-d,, innerer Standard Tetramethylsilan, 

o 4.03 (l-Proton Dublett, .J1 ,2 3.7 Hz, H-l), 7 5.15 (l-Proton Dublett, H-2), 5 4.98 

(I-Proton Dublett, J2,3 -K 0.5 Hz, H-3), r 5.43 (l-Proton Dublett, J3,4 3.2 Hz, H-4), 
T 4.50 (I-Proton Singulett, NH), T 8.65 (3-Protonen, Singulett), r 8.71 [3-Protonen, 
Singulett, Me,C], und r 2.7-3.6 (5-Protonen, Multiplett, Phenylringprotonen). 

Anal. Ber. fiir C,5H18N206: C, 56.39; H, 5.63; N, 8.69. Gef.: C, 56.29; H, 5.48; 
N, 8.72. 

5-Del~~~dro-1,2-O-isopropylinen-5-pf~et~yll~~~dra~ino-5-0-trimet~~~~lsiIyl-a-~-gluco- 
(/3-t_-ido)-fwanwono-6,EZacton (4). - 5-Dehydro-1,2-0-isopropyliden-5-phenyl- 
hydrazino-a-D-gluco-(P-L-ido)-furanurono-6,3-lacton (100 mg) .wurde in abs. Pyridin 
(5 ml) gelSst und mit Hexamethyldisilazan (160 mg) und drei Tropfen Chlortrimethyl- 
silan versetzt. Man EBt 4 Stdn. bei Raumtemperatur stehen und engt dann ein. Der 
Kristallbrei wird mit Benz01 extrahiert, die benzolische Lijsung eingeengt und der 
Sirup an der Kapselpumpe getrocknet. Aus iithanol erhglt man Kristalle (169.0 mg, 
98%); Schmp. 212”. 

Anal. Ber. fiir C,,HZ6N,06Si: C, 54.80; H, 6.64; N, 7.10. Gef.: C, 55.06; 

H, 6.73; N, 6.82. 
5-Deltydro-I,2-O-isopropyIiden-5-~ydra~ino-~-D-~luco-(8-L-ido)-frrranrtronsiilre- 

Izydrazid (5). - 1,2-O-Isopropylidenir-~-xyZo-hexofuranurono-6,3-lacton-5-ulose- 
hydrat3 (100 mg) werden in fthanol (30 ml) gelijst und unter Riihren mit Hydrazin 
(30 mg) in ffthanol (10 ml) versetzt. Die ausgefallenen Kristallen werden abgesaugt 
und aus Methanol umkristallisiert (109 mg, 91%); Schmp. 134”. 

Anal. Ber. fiir C,H,,N,06: C, 38.85; H, 6.52; N, 20.14. Gef.: C, 38.64; H, 6.49; 
N, 19.54. 
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Mercaptolysis of 3-deoxyoctulosonic acids 

B.A.DWTRIEV AND L.V.BACK~~OWSKY 

N. D. Zelinsky Iostitrrte of Organic Chemistry, Moscow (U. S. S. R.) 

(Received September 12th, 1969) 

3-Deoxyglyculosonic acids are a biochemically important class of carbohy- 
drates, but relatively little is known of their chemical properties. Thus, only two 
derivatives of 3-deoxy-D-manno-octulosonic acid (pentaacetate’ and the pentaacetate’ 
of the methyl ester) have been described. Further investigation of the chemistry of 
3-deoxyoctulosonic acids may be of value for synthetic work and for the analysis of 
biopolymers containing these compounds. Thus, we now report on the mercaptolysis 
of 3-deoxyoctulosonic acids. 

Treatment of the 3-deoxyoctulosonic acids, obtained by condensation of D- 

arabinose with oxalacetic acid2, with ethane thiol-conc. hydrochloric acid at room 
temperature (conditions used3 for N-acetylneuraminic acid) gave two products in the 
ratio ca. 5: 1, which were separated by cellulose-column chromatography. 

The major, crystalline product (1) had i-r. carbonyl bands at 1770 and 
1744 cm- ‘. The double absorption may be due to hydrogen bonding, since the i-r. 
spectrum of 1 in pyridine solution showed a single carbonyl absorption at 1760 cm- ‘. 
The i.r. spectrum of the per-O-trimethylsilylated derivative of 1 also exhibited a 
single carbonyl band at 1775 cm- ‘. Thus, 1 is a y-lactone. Mild, periodate oxidation 
of 1 resulted in the rapid consumption of 3 mol. of oxidant, with subsequent slow 
over-oxidation, and the release of 1.65 mol. of formic acid. These data, together with 
elemental analysis, show that 1 is the diethyl dithioacetal of 3-deoxyoctulosono-1,4- 
lactone. With mercuric chloride in aqueous acetone, in the presence of mercuric 
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oxide, 1 gave 3-deoxy-D-glzlco-octulosonic acid (identified by gas-liquid chromato- 
graphy4). 

Since the synthetic mixture of 3-deoxyoctulosonic acids is reported2 to contain 
a considerabIe proportion of 3-deoxy-D-manno-octulosonic acid, the mother liquor, 
after separation of 1, was investigated. However, acetylation, followed by chromato- 
graphic purification, gave the crystalline acetate (2) of I as the only identifiable 
product. 

The second, crystalline, minor product (3) of mercaptolysis migrated slower on 
paper chromatography (RF 0.61, cf- 0.81 for 1) and had a lower retention time in 
g.1.c. Its u.v. spectrum (Amax Hzo 276 nm, E 5520) and i.r. spectrum (v,,, 1754 cm-’ ; 

c$ 2-buten4olide, 1585 cm- r, C=C-SR) indicated the presence of a 2-alkyl- 
mercapto-2-buten4olide group. 

Although chromatographicahy homogeneous, 3 appeared to be a mixture of 
C-4 epimers. Oxidative degradation of the acetate of 3 with osmium tetroxide and 
sodium metaperiodate in aqueous NJV-dimethylformamide, with subsequent hydrol- 
ysis, gave a mixture of glucose, mannose, and arabinose (paper chromatography). 
The shortening of a carbon chain by three carbon atoms upon oxidative degradation 
of 2-buten4olides bearing functional substituents at C-2 has been described’. The 
formation of glucose and mannose not only shows that 3 is a mixture of C-4 epimers, 
but also establishes the position of the double bond. 

EXPERIMENTAL. 

Paper chromatography was performed on paper “C” by the ascending technique 
with butyl alcohol saturated with water (system A) and by the descending technique 
with 9:l:l butanone-acetic acid-saturated aqueous boric acid (system B). Warren’s 
reagen@, periodate-benzidine reagent, and aniline hydrogen phthalate were used for 
detection. Column and thin-layer chromatography (t.1.c.) was carried out on silica gel 
RSK with 7:3 benzene*ther (system C) for t-kc. and cont. sulphuric acid for detec- 
tion. G.1.c. was carried out on a Pye-Argon Chromatograph equipped with a fl- 
ionisation detector, using glass columns (120 x 0.5 cm) packed with 5% silicon gum 
rubber SE-30 on DMCS-treated Chromosorb W (60-80 mesh) (column I) and with 
5% poly(neopentylglyco1 succinate) on Chromosorb W (80-100 mesh) (column 2)_ 
Operating temperatures were 196” and 180”, respectively. Melting points were 
determined on a Kofler micro-heating stage. Unicam SP-700 and UR-20 spectro- 
meters were used for recording of U.V. and i.r. spectra, respectively. Solutions were 
evaporated under diminished pressure at 40”. Periodate oxidation was carried out at 
0” by using 0.01562hr sodium metaperiodate. The course of oxidation was monitored 
spectrometrically7 at 305 nm, and the formic acid liberated was determined by 
potentiometric titration with 0.045&r sodium hydroxide. 

Mercaptolysis of 3-deoxyoctuiosonic acids. - 3-Deoxyoctulosonic acids’ 
(2.71 g) were dissolved at 0” in cont. hydrochloric acid (20 ml), ethane thiol (40 ml) 
was added, and the mixture vigorously stirred magnetically for I6 h at room tempera- 
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ture. Water (100 ml) was added, the aqueous layer was separated, washed with 
hexane (2 x 50 ml), and stirred with basic lead carbonate added portionwise to pH 5-6. 
The precipitate was filtered off and washed with hot water (1 litre), and the combined 
filtrate and washings were evaporated to dryness. The residue was treated with a 
warm mixture of ethyl acetate and alcohol (l:l, 100 ml). The filtered extract was 
passed through a small column of silica gel which was eiuted with 2.50 ml of 2:3 ethyl 
acetate-alcohol. The eluate was evaporated to give 2.43 g of pale-yellow syrup that 
contained two components (RF 0.81 and 0.61, system A) detectable with periodate- 
benzidine reagent. Analysis of this product after trimethylsilylation* revealed the 
presence of two peaks having retention times of 11.65 and 23.1 min, in the ratio ca. 
1:5 (column I). 

The solution of the mercaptolysis product (0.54 g) in butyl alcohol saturated 
with water (2 ml) was placed on a cellulose column (42 x 4 cm) and eluted with solvent 
system A; lPm1 fractions were collected. The appropriate fractions were combined 
and evaporated to give a syrupy product (330 mg, RF 0.81) that crystallised on 
standing, and a second component (70 mg, R, 0.61); the retention times of the per-U- 
trimethylsilyl derivatives were 23.1 and 11.65 min, respectively_ The faster-migrating 
component was recrystallised from 1:4 ethyl acetate-ether to give 3-deoxy-D-gluco- 
octulosono-1,4-lactone diethyl dithioacetal(1, 120 mg), m.p. 94-95”, [a];’ -I- 1.6 kO.6” 
(c 3.74, methanol) (F ound: C, 43.70; H, 6.85; S, 19.33. C,,H,,O,S, talc.: C,44.16; 

H, 6.80; S, 19.65%). Periodate oxidation of 1 proceeded as follows (time in min and 
oxidant consumed in moles per mole of substrate are given): 15, 3.14; 30, 3.22; 60, 
3.37; 120, 3.56. The release of formic acid was 1.65 moles per mole of 1. 

The product having I?, 0.61 was recrystallised from 3:2 methanol-ether to give 
2-ethyhnercapto-4-(D-arabino-tetrahydroxybutyl) -2-buten&olide (3) (Found: C, 
45.42; H, 6.05; S, i2.03. C,,H,,O,S talc.: C, 45.43; H, 6.10; S, 12.14%). 

5,6,7,8-Tetra-O-acety~-3-deoxy-D-gluco-octu~osorzo-Z,C~actone diethy1 dithio- 

acetaZ (2). - (a) The mother liquor after separation of 1 was taken to dryness, and the 
residue was treated with pyridine (2 ml) and acetic anhydride (2 ml) and kept over- 
night at room temperature. The solution was evaporated, and toluene (3 x 2 ml) was 
distilled from the residue. A solution of the syrupy product in benzene was added to 
a column (25 x 1 cm) of silica gel which was eluted with 50 ml of benzeneether 
mixtures (95:5, 90:10, and 80:20). The fractions containing a homogeneous product 
(R, 0.7, system C) were evaporated, and the syrupy residue was crystallised from 
ether-light petroleum to give 2 (100 mg), m-p. 90-91.5”, [a]Lo0.5 -2 +0.3” (c 2.52, 
chloroform) (Found: C, 48.54; H, 6.22; S, 12.99. C20H,o0,0S, talc.: C, 48.55; 
H, 6.12; S, 12.97%). 

(6) Compound l(40 mg) was acetylated with acetic anhydride and pyridine as 
in (a> to yield 15 mg of 2, m.p. 88-91” (from ether-light petroleum). The i.r. spectra of 
both of the samples of 2 were superimposable. 

Idenrificatioiz of 3-deoxy-D-gluco-octzdosonic acid. - (a) To a solution of 1 
(30 mg) in acetone (2 ml) and water (0.2 ml), yellow mercuric oxide (50 mg) and 
mercuric chloride (50 mg) were added, and the mixture was stirred magnetically for 
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2 days at room temperature. Examination of the reaction mixture by paper chromato- 
graphy (system A) revealed a product having RF 0.0-O. 1, which could be detected by 
Warren’s reagent6. The mixture was diluted with water (2 ml), several drops of 
pyridine were added, and after being cooled for 5 h the precipitate was filtered off. 
The filtrate was subjected to preparative, paper chromatography (system A), and the 
zone having RF 0.0-O. I was excised and extracted with water. The product from the 
extract was refiuxed with 5 ml of 0.2~ methanolic hydrogen chloride for 2 h. The 
solution was evaporated, and the dry residue was trimethylsilylated8. G.1.c. of the 
product obtained was carried out on column 2 by using derivatives of authentic 
3-deoxy-D-glrrco- and -D-ma?Z?ZO-OCtUlO,sOIIk acids4 as reference compounds. 

(b> A solution of 2 (50 mg) in 1.5 ml of dry methanol was treated with 0.15 ml 
of N sodium methoxide for 3 h at room temperature, neutralised with cation-ex- 
changer resin KU-2(H +), filtered, and evaporated. The residue (ca. 40 mg) was treated 
with mercuric chloride in aqueous acetone, followed by isolation, methanolysis, and 
trimethylsilyIation as described above, to give 3-deoxy-D-gZzfco-octulosonic acid, 
identified by g.1.c. 

Oxidatiue degradation of cowzpound 3. - Compound 3 (15 mg) was acetylated 
with acetic anhydride (1 ml) and pyridine (1 ml) in the usual manner, and the product 
(ca. 20 mg) was dissolved in 80% aqueous N,N-dimethylformamide (1 ml). A small 
crystal of osmium tetroxide was added, and the mixture was stirred for 30 min. The 
darkened solution was treated with sodium metaperiodate (50 mg). After 30 min, the 
filtered solution was diluted with chloroform (5 ml), washed with saturated, aqueous 
thiosulphate (3 x 5 ml) and water, dried (MgSO,), and evaporated. The residue was 
heated under refiux with 0.5~ methanolic hydrogen chloride (2 ml) for 2 h, the 
solution was evaporated, and the residue was heated with 2~ hydrochloric acid (1 ml) 
for 2 h at 80-85”. The solution was neutralised with silver carbonate, filtered, and 
passed through a column (5 x 0.7 cm) of KU-2(Hf) resin by elution with water. 
Paper chromatography of the eluate in system B revealed the presence of glucose, 
mannose, and arabinose. 
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A synthesis of 2-deoxy-2-fluoro-D-xylose’ 

JOHN A. WRIGHTANDJACKJ.FOX 

Division of Biological Chemistry, Sloan-Kettering institute For Cancer Research, Sloan-Kettering 

Division of Cornell University Medical CoIiege, Nero York, N. Y. 10021 (U.S.A.) 

(Received July 15th. 1969; in revised form, September 25, 1969) 

Recent interest’ in the field of fluorocarbohydrates prompts us to report the 
synthesis of the previously unknown 2-deoxy- Zfluoro-D-xylose (8). As part of a 
program of synthesis of fluorocarbohydrates and nucleosides thereof2, we studied 
the action of potassium hydrogen fluoride-sodium fluoride on methyl 2,3-anhydro- 
5-0-benzyl-p-D-lyxofuranoside (1) in ethylene glycol at reflux. Previous results2’3 
led us to expect a mixture of 2- and 3-fluorinated products, and this was indeed found 
to be the case. 

Fractionation of the syrupy reaction mixture on a short column of Silica 
Gel G (Merck) resulted in the isolation of two major products (2) (31%) and 3 (23%) 
as chromatographically-pure syrups. 

Compound 2 was identified as methyl 5-CJ-benzyl-3-deoxy-3-fluoro-/I-D- 
arabinofuranoside by hydrogenolysis to the glycoside 6, followed by acid hydrolysis 
to give 3-deoxy-3-fluoro-D-arabinose (5), identical in all respects with authentic 
materia14. 

5 

3-Deoxy-3 fluoro-- 
a-o-ambinose 

F 

cn,on 
0 OMe 

-Q H 

a 

2-Deoxy- 2fiuOro- 
a-0-xylose 

6 7 

The structure of compound 3 was established by benzoylation of the free 
hydroxyl group, which caused a downfield shift in the p.m.r. signal assigned to the 
geminal proton, resulting in a compound, 7, possessing a clearly-resolved first order 

*This investigation was supported in part by funds from the National Cancer Institute, National 
Institutes of Health, TJ. S. Public Health Service (Grant No. CA 08748). 
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p.m.r. spectrum. Signals at 6 5.64 (octet, J3,r 16.5, .J3,4 5.5, J3,2 1.6 Hz), 5.07 (doublet, 
JI,F 13.4 Hz), and 5.00 p.p.m. (quartet, J2,f 49.5 Hz) were assigned to H-3, H-l, 
and H-2 respectively, and are consistent with a 2-deoxy-2-fluoro structure for 7, and 
therefore for 3. The very small (< 1.0 Hz) H-l-H-2 coupling establishes the 1-2-tra1zs- 
configuration, and on the basis of frans-scission of the epoxide 1, compound 3 is 
therefore methyl 5-O-benzyl-2-deoxy-2-fluoro-8_D-xylofuranoside. 

I-IydrogenoIysis of 3 afforded a quantitative yield of the glycoside 4 as a colorless, 
mobile syrup, which upon acid hydrolysis led to the free deoxyffuoropentose 8 as 
colorless needles, m.p. 121-122”. 

On the basis of a mutarotation study ([c@ + 69 + + 32”, after 1 h, of the free 
sugar 8, it was assigned the or-configuration. Compound 8 exhibited a medium- 
intensity, type-3 absorption’ band at 757 cm- ’ which suggests that it possesses the 
pyranoid structure. 

EXPWMENTAL 

Mehing points were determined with a Hoover-Thomas capillary apparatus, 
and are corrected. Thin-layer chromatography (t.1.c ) was performed on microscope 
slides coated with Silica Gel GF 254 (Merck) using I:2 ethyl acetate-light petroleum 
(30-60”) (solvent A) and ethyl acetate (solvent B). Compounds were detected by 
spraying with 20% (v/v) sulfuric acid in ethanol, followed by heating to 130”. Reducing 
sugars were detected with the aniline hydrogen phthalate reagent. Evaporations were 
carried out in vactto. 

P.m.r. and i.r. spectra were recorded on Varian A-60 and Perkin-Elmer 221 
instruments, respectively, and werefound to be consistent with the proposed structures. 
Analytica samples of non-crystalline compounds (except 1) were purified by pre- 
parative t.I.c., and elementary analyses were performed by Spang Microanalytical 
Laboratory, Ann Arbor, Michigan. 

Methyl 2,3-an/tydro-5-O-benzyl-p-D-ly.uofrtranoside (1). - Methyl 2,3-anhydro- 
B-D-lyxofuranoside6 (26.5 g), silver oxide (37 g), benzyl bromide (32 ml), and 
anhydrous N,N-dimethylformamide (135 ml) were shaken together for 20 h at room 
temperature. The mixture was partitioned between chloroform (1 liter) and water 
(1 liter). The chloroform layer was separated, filtered, treated with pyridine (100 ml), and 
washed successively with water (6 x 500 ml), 2M hydrochloric acid (2 x 500 ml), 
saturated sodium hydrogen carbonate (500 ml), and water (500 ml), and then dried 
with magnesium sulfate and evaporated. The residual oil was vacuum-distilled to 
give I (32.9 g) as a mobile, coloriess oil, b-p. (0.03 mmHg) 135-140”, [g]k3 -67” 
(c 2.0, ethanol). 

Allal. Calc. for C,,H,603: C, 66.08; H, 6.83. Found: C, 66.17; H, 6.79. 
Methyl 5-O-benzyi-Z-deoxy-2-fluoro-j&mxyioside (3) and methyl 5-O-beftzyh 

3-deoxy-3-jhoro-/3-D-arabinoside (2). - The epoxide 1 (3.0 g), potassium hydrogen 
fluoride (3.0 g), and sodium fluoride (3.0 g) were heated for 2 h at reflux in ethylene 
gIyco1 (60 ml). The cooled mixture was poured into saturated sodium hydrogen 
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carbonate (500 ml) and extracted with chloroform (3 x 100 ml). Evaporation of the 
chloroform layer, dried with magnesium carbonate afforded a yellow oil which 
was chromatographed on a column of Silica Gel G (150 g). It was eluted with solvent 
A and 12-ml fractions were collected. Evaporation of fractions 34-48 gave com- 
pound 3 (0.75 g) as a pale-yellow syrup, [=]i3 -42” (c 0.9, ethanol). 

Anal. Calc. for C1sH,,FO,: C, 60.92; H, 6.69; F, 7.41. Found: C, 60.68; H, 6.68; 
F, 7.19. 

Evaporation of fractions 59-90 gave compound 2 (1.00 g) as a colorless syrup. 
It was identified by hydrogenolysis, followed by acidic hydrolysis, as described below, 
to give 3-deoxy-3-fluoro-D-arabinose (5), m.p. 118-120” (lit.“: m.p. 120”). P.m.r. and 
i.r. spectra of 5 were identical with those of authentic material_ 

Benzoylation of 3 with 2 moles of benzoyl chloride in pyridine for 2 h at 0” gave 
an 87% yield of the monobenzoyl ester 7 as a stiff syrup, [ti]h3 -63” (c 1.2, ethanol): 
p-m-r. signals (chloroform-d, TMS internal standard) at 6 7.1-8 2 (11-12 protons, 
benzoyl and benzyl), 5.64 (l-proton octet, H-3, J3,r 16.5, .T3,4 5.5, J3,2 16 Hz), 5.07 
(l-proton doublet, H-l, J1 .F 13.4 Hz), 5.00 (l-proton quartet, H-2, J2,r 49.5 Hz), 
4.71 (l-proton pseudo-quartet, H-4, .& 5.5 Hz), 4.45 (2-proton singlet, benzyl CH,), 
3.71 (2-proton doublet, H-5) and 3.39 p.p.m. (3-proton singlet, OMe). Coupling 
constants quoted are first order. P.m.r. and i.r. spectra indicated the presence of a 
small amount of benzoyl chloride in the sample. 

Anal. Calc. for C,,H2iF0,: C, 63.82; H, 5.62; F, 5.04. Found: C, 66.55; 
H, 6.03; F, 4.73. 

Methyl 2-cZeoxy-2-flrroro-j3-D-xyZofiwanoside (4). - A solution of 3 (500 mg) in 
ethanol (100 ml) containing 10% palladium-on-charcoal (100 mg) was hydrogenated 
on a Parr apparatus at - 24 p.s.i. until the uptake of hydrogen ceased (30 min). The 
filtered solution was evaporated to give a colorless oil (328 mg), [a]g - 102” tc 1.4, 
ethanol). 

Anal. Calc. for C6H,,F04: C, 43.37; H, 6.67; F, 11.44. Found: C, 43.39; 
H, 6.60; F, 11.72. 

2-Deo.uy-Z-J-lrtoro-D-;vylose (8). - To a solution of 4 (496 mg) in water (50 ml), 
Dowex 50-W (X-8, Hf, 5 ml, previously treated with boiling water) was added, and 
the mixture was heated for 1 h at reflux. After filtration, the solution was evaporated 
to dryness, and the syrupy residue was crystallized from ethanol-ether (294.5 mg, 
m-p. 109-l 11”). Two recrystallizations from propyl alcohol gave a product having 
m-p. 121-122”. Evaporation of the mother liquors, after treatment with charcoal, 
gave chromatographically pure 8 (102 mg) as a colorless syrup which slowly crystal- 
lized. A mixed m.p. of 8 and 5 gave a depression (101-l 16”), and on paper chrbmato- 
graphy (4: I:5 butyl alcohol-ethanol-water, downward elution) 8 and 5 showed RF 0.38 
and 0.32, respectively. Compound 8 showed [a]k3 + 69” (1.5 min) + + 32” (1 h) 
(c 0.9, ethanol). 

Anal. Cab forC,H,FO,: C, 39.48; H, 5.96; F, 12.49. Found: C, 39.60; H, 6.03; 
F, 12.48. 
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Methyl 2,3-di-0-methyl-a-D-glucopyranoside 4,6-carbonate 
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Northern Utilization Research and Development DiGsion, Agricultural Research Service, U.S. Depart- 
ment of Agriculture, Peoria, Illinois 61604 (U.S. A.) 

(Received August llth, !969; in revised form, September 26th, 1969) 

Reactive, five-membered, ham cyclic carbonates of sugars have been prepared 
by treating pyranoid sugars having vicinal diequatorial hydroxyl groups with ethyl 
chloroformate and triethylamine I. These compounds undergo facile ring-opening 
reactions at the carbonate center with such nucleopbiles as alcohols, thiols, and amines 
to give acyclic carbonates, monothiolcarbonates, and carbamates, respectively2. 

In continuing studies on the preparation and properties of carbohydrate 
carbonates, it was desirable to prepare a six-membered cyclic carbonate of a pyranose. 
Such a derivative should be highly reactive since it is known3 that simple six-membered 
cyclic esters are less stable and more susceptible to ring-opening reactions than the 
corresponding five-membered ring compounds. 

In 1938 a sugar was reported that contained a six-membered carbonate fused 
to a furanose ring4. D-Xylose was treated with acetone and phosgene to give 1,2-0- 
isopropylidene-cr-D-xylofuranose 3,Scarbonate. Ring opening of the carbonate took 
place readily in the presence of methanol. 

We chose methyl 2,3-di-O-methyl-a-D-glucopyranoside (1) for an attempt to 
form a cyclic carbonate at C-4 and C-6 since hydroxyl groups here react readily to 
form six-membered cyclic acetals. When 1 was treated with ethyl chloroformate and 
triethylamine in the molar proportions of 1:23:8, t.1.c. showed a major component, 
which was recovered by crystallization from chloroform-hexane. This component 
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was characterized as methyl 2,3-di-0-methyl-sc-D-glucopyranoside 4,6-carbonate (2) 
by i-r. and n.m.r_ data, microanalyses, and its molecular weight. For comparison of 
i.r.5 and n._m.r. spectral data, the 4-O- and 6-0-(ethoxycarbonyl) derivatives (3 and 4) 
of 1 were prepared. Compound 3 was isolated in quantitative yield on detritylation 
of methyl 4-O-(ethoxycarbonyl)-2,3-di-O-methyl-6-O-trityl-cw-~-glucopyranoside (5) 
with silica ge16. When detritylation of 5 was performed with hydrochloric acid in 
methanol’~’ followed by neutralization with ammonium hydroxide, a different 
compound was formed which was shown to be 4. 

Compound 4 was also prepared by the direct reaction of 1 with ethyl chloro- 
formate and pyridine and by reaction of 2 with ethanol containing 10% of triethyl- 
amine. Although no 3 was detected in either of these reaction products, it is probable 
that 3 was initially present and transformed into 4 in the presence of base. When lower 
concentrations of triethylamine were used in the ring-opening of 2, nearly equal 
amounts of 3 and 4 were formed initially. Subsequently, the amount of 4 increased 
while that of 3 decreased. Pure 3 was converted into a mixture of 3 and 4 under these 
reaction conditions. 

Comparison of the reactivity of 2 with that of methyl 4,6-O-benzylidene-a-D- 
glucopyranoside 2,3-carbonate in ring-opening reactions revealed that the 4,6- 
carbonate was converted into the acyclic carbonate at a rate more than twice that for 

the 2,3-carbonate. 

EXPERIMENTti 

1.r. spectra for films cast onto plates of silver chloride were recorded with a 

Perkin-Elmer* Model 137 spectrophotometer. A Perkin-Elmer Model 621 spectro- 
photometer was used to record the spectrum of 2 in bromoform. Wavelengths were 
calibrated with polystyrene film. N.m.r. spectra were recorded for solutions in 
chloroform-d by means of a Varian HA-100 spectrometer with tetramethylsilane 
(r 10.00) as the internal reference standard. Melting points were determined in sealed 
capillaries in an oil bath and are uncorrected. Optical rotations were measured with 
a Rudolph polarimeter. Molecular weights were measured with a Mechrolab Model 
301A vapor-pressure osmometer. T.1.c. was performed on Silica Gel G (E_ Merck, 
Germany) with ether or 4:l (v/v) ether-amyl acetate, and detection was with either 
19:l (v/v) methanol-sulfuric acid for charring or Rhodamine 6-G (1 mg per liter of 
water) as a fluorescent indicator. 

Methyl 2,3-di-O-methyl-a-D-glucopyranoside 4,&carbonate (2). - A solution 
of methyl 2,3-di-0-methyl-ar-D-g1ucopyranoside6 (1, 500 mg, 2.25 mmoles) in tetra- 
hydrofuran (5 ml) was cooled to 5” and mixed with ethyl chloroformate (5 ml, 
52 mmoles). Triethylamine (2.5 ml, 18 mmoles) in tetrahydrofuran (20ml) was added 
dropwise during 30 min. The mixture was kept for 18 h at - 15O and filtered, and the 

*The mention of firm names or trade products does not imply that they are endorsed or recommended 
by the Department of Agriculture over other firms or similar products not mentioned. 
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the amine. The chloroform phase was separated, dried with sodium sulfate, and 
evaporated to a syrup, 46 mg (78%), which showed a single component by t-1-c. 
Crystallization from hexane gave m.p. 56-57”, [ali +99.7” (c 1.52, chloroform); 

LIXS 1740 (C = 0), 1260 (O-C-O), and 793 cm-’ [O(C = O)O]; n.m.r. data: r 5.62 
(2-proton multiplet, H-6 and H-6’), T 5.82 and z 8.70 (2-proton quartet and S-proton 
triplet, respectively, OEt). The appearance of the characteristic resonances for H-6 
and H-6’ at z 5.62 represented a downfield displacement of 0.73 p.p.m. from 
compounds unsubstituted by ethoxycarbonyl at C-6, and confirmed substitution 
at this position. 

Anal. Calc. for C,,H,,Os: C, 49.0; H, 7.54. Found: C, 49.0; H, 7.67. 
(b) Direct ethoxycarbonylation of 1. To a solution of 1 (500 mg, 2.25 ran-roles) 

in pyridine (5 ml) at 5” was added ethyl chloroformate (0.4 ml, 4.2 mmoles). After 
being kept for 18 h at 25”, the mixture was diluted with chloroform (100 ml) and the 
solution was successively washed with dilute hydrochloric acid and sodium hydrogen 
carbonate solution, dried (sodium sulfate), and evaporated under diminished pressure 
at 40” to a syrup. This syrup was resolved into monoethoxycarbonyl and diethoxy- 
carbonyl fractions by preparative t.1.c. The zone of lower R, (monoethoxycarbonyl 
fraction) was separated by sectioning and eluted with ethyl acetate, and the eluate 
was evaporated. The syrupy residue (89 mg, 13%) crystallized when kept for 18 h at 
25”. After recrystallization from hexane it had m.p. 56-58”. The mixed m.p. of this 
product with that from part (a) showed no depression; the i.r. spectra of (a) and (b) 
were identical. 

(c) Detritylation of 5. Compound 5 (340 mg, 0.635 mmole) was mixed with 
0.03~ hydrochloric acid in methanol (20 ml) and stirred for 2.5 h at 50” to remove the 
trityl group. The mixture was made neutral with ammonium hydroxide, mixed with 
ice-water (100 ml), and extracted with four 20-ml portions of hexane to remove 
methyl triphenylmethyl ether. The aqueous-alcoholic solution was then extracted 
with four 20-ml portions of chloroform and the chloroform solution was dried and 
evaporated to a syrup that crystallized from hexane to give 90 mg (48%), m-p. 55-57”. 
The n.m.r_ and i-r. spectra were identical with those of authentic 4 and the mixed 
m.p. with authentic 4 showed no depression. 

Comparison between ring-opening reactions of 2 and of methyl 4,6-O-benzylidene- 
a-m&copyrar;oside 2,3-carbonate. - Equimolar portions (0.1 mmole) of the title 
compounds were separately dissolved in 10 ml of a stock solution of chloroform 
containing ethanol (1 n-mole) and triethylamine (0.1 mmole). The progress of the 
reaction was monitored by t.1.c. and i.r. spectroscopy. After 18 h, 2 was completely 
converted into an equimolar mixture of 3 and 4. In the same interval, methyl 4,6-0- 
benzylidene-a-D-glucopyranoside 2,3-carbonate showed only about 50% conversion 

into acychc products. The large proportion of chloroform used retards the intra- 
molecular migration of the ethoxycarbonyl group from C-4 to C-6. Within the interval 
studied, 0.1 mmole of 3 in 10 ml stock solution showed about 10% conversion into 4, 
and 0.1 mmole of 4 under these conditions showed no change. 
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Labeling of acid mucopolysaccharides with tritium 
Part II. Purification and fractionation of tritium-labeled heparin’ 

NICOLA Dr FERRANTE 

Laboratories of Connective Tissue Research, Department of Biochemistry and the Division of Orthopedic 
Surgery, Department of Surgery, Baylor Coiiege of Medicine, Houston, Texas 77025 (IX S. A.) 
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(Received September 30th, 1569) 

With the use of various methods for labeling heparin with tritiumlg2, it has 
become evident that purification of the crude labeled material is the step which 
requires the greatest care. 

The various IabeIing methods cause considerable degradation of heparin: 80% 
with the unmodified Wilzbach’s method’, 13%l and 50%* with catalytic methods, 
and 28% with the IabeIing under electric discharge I. These losses reflect the amount 
of the starting material which has been modified so that it does not precipitate on 
addition of quaternary ammonium compounds2 or ethyl alcohol containing appropri- 
ate cations’. However, even the material harvested by precipitation may be heter- 
ogeneous and includes compounds differing in chemical structure, physical properties, 
and biological activity. 

The following method, adopted in our laboratories for the purification and 
fractionation of tritiated heparin, may be useful whenever a relatively uniform 
preparation of t&urn-labeled heparin is required. 

EXPFRIMENTAL 

Sodium heparinate (500 mg, Calbiochem grade, Lot 63525), labeled by exposure 
to tritium gas under electric discharge’, was transferred to a plastic beaker containing 
water (50 ml) and Dowex-1 (20 g; X-2, 200400 mesh, Cl-). The resin, with the 
adsorbed heparin, could be frozen and stored indefinitely, or could be poured into 
a column and washed with water. The effluent was tested for hexuronic acid to verify 
whether the capacity of the resin had been exceeded. Thereafter, the water effluent 
was monitored; when the tritium radioactivity became constant, 0.5~ sodium chloride 

*This lvork was supported by the United States Atomic Energy Commission, and by the National 
Institute of Arthritis and Metabolic Diseases, U.S. Public Health Service (Grant AM-10811). 
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(2 litres) was passed through the column. Abundance of hexuronic acid-containing 
material in this eluate indicated extensive heparin breakdown. The column was then 
eluted with solutions of sodium chloride (500 ml) of increasing molarity3, and the 
effluents separately collected were tested for hexuronic acid. Those found to be 
positive were diluted with water to a Gnal sodium chloride molarity of 0.75. The 
heparin, precipitated with a 10% solution of cetylpyridinium chloride in water, was 

collected by centrifugation, washed with a 10% solution of potassium acetate in 95% 
ethanol, 95% ethanol, and abs. ethanol, and dried with ether. Each precipitate was 
dissolved in water, and the solution was passed through a column (5 x 0.9 cm) of 
Dowex-50 (X8; 2Oo-400 mesh, Hf) to remove the last traces of cetylpyridinium 
chloride. The effluent was collected, neutralized, and precipitated with 3 vol. of a 10% 
solution of potassium acetate in 95% ethanol. The ppt. was washed and dried with 
ether, as described previously. Aliquots of the fractions obtained were used for 
analyses, mol. weight determination, measurement of radioactivity and biological 
activity, and ultrafiltration. 

The various analytical procedures used have been described in detail previ- 
ou~ly~*~. Weight-average molecular weights were determined from plots of In y 
versus 2 at sedimentation equilibrium 6. Measurements were made on 0.4-0.5% 
solutions of the various heparin fractions in 0.15~ sodium chloride. All runs were 
performed at 20,000 r.p.m. and lasted 20-24 h. The partial specific volume for heparin’ 
was assumed to be 0.42. Radioactivity was measured in a scintillation counter, as 
previously described’. 

The biological activity of the original sodium heparinate or of the various 
fractions obtained after treatment was assessed by measuring the prothrombin time’. 
Ultrafiltration of aqueous solutions of heparin was performed in a 50-ml Diaflo 
apparatus (Amicon Corp., Lexington, Mass.) provided with a UM-1 membrane, 
and operated at a pressure of 40 p.s.i. The ultrafiltrate was collected in 5-ml fractions 
and analyzed for tritium radioactivity. 

Eighty-nine per cent of the sodium heparinate initially used was recovered 
from the Dowex-1 column (Table I), most of the heparin being eluted with 1.6 and 

TABLE I 
ANALYTiCAL. DATA OF THE ORIGINAL HEPARIN AND OF THE VARIOUS FRACTIONS OF TFtlTIATED HEPARIN 

Fractiofl Amount Hexuranic acid 

(mg) WI 

Mol. weight SH 

Gf.p.~.k~ 

1.0 3.8 22.3 5.24 54,500 
1.20 9.4 29.9 7.17 3,240 12,520 
1.40 28.9 26.2 7.41 5,320 2,650 

1.60 203.8 25.2 7.08 7,040 Loo0 
1.80 190.0 26.1 8.00 8,950 800 
2.0 10.2 28.2 5.72 11,000 1,600 
Heparid 27.8 8.70 8,240 

UEluted from Dowex-1 column: molarity of sodium chloride eluent. *Starting material. 
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1.8~ sodium chloride solutions. With the exception of the material eluted by M sodium 

chloride, the hexuronic acid content of the various fractions is quite constant, whereas 
their sulfur content and molecular weight increase with the molarity of the sodium 
chloride eluent. Fig. 1 shows that a plot of log molarity of sodium chloride used for 

I I I I 1 
0 -1 2 3 4 

1 I M.W. t x 10-4 1 

Fig. 1. Relationship between the log molarity of the sodium chloride eluent and the inverse of 
the molecular weight of heparin fractions eluted from a Dowex-1 column. 

elution of the various fractions against the reciprocal of the respective molecular 
weights gives a straight line, in agreement with the data of Laurent and Scott’ on 
chondroitin &sulfate and keratan sulfate. As reported in that study’, our fraction of 

Iowest molecuIar weight also deviates from the straight-line relationship. The specific 
activity of the various fractions (expressed as d.p.m./pg heparin) decreased with the 

increase of the molarity of the sodium chloride eluent. 
The biological activity of the various fractions is illustrated in Fig. 2. The 

materiai eluted from Dowex-1 with 1.0,1.2, and 1.4hr sodium chloride was completely 
inactive, whereas that eluted with 1.6, 1.8, and 2.Ohr sodium chloride was much more 
active than the original preparation. When aliquots of labeled heparin (1.8 and 1.6~ 
sodium chloride fractions, corresponding to 1 l.5106 and 15.5lo6 c.p.m.), respectively 
were concentrated by passage through a UM-1 membrane, less than 0.1% of the 
radioactivity was found in the ultrafiltrates. 

The heparin fractions possessing high biological activity (1.6, 1.8, and 2.0~ 
sodium chloride) have specific activities ranging between 8 and 16*105 d.p.m./mg, 
values one order of magnitude smaller than those reported’ for unfractionated heparin 
labeled catalytically with tritium. However, our fractions have a biological activity 
far superior to that of the starting material, while the labeled preparation of Barlow 
and Cardinal’ had lost 20% of the original biological activity. It is conceivable that 
the latter preparation represented a mixture of various molecular species, varying 
in size, specific activity, and biological activity. 

The inverse relationship existing between specific activity of heparin fractions 
and their molecular weight and biological activity confirms the observation that the 
material more directly exposed to the effect of radiation becomes more labeled but 
also is degraded to a larger extent’. Thus, one should strive to achieve a useful compro- 
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mise between specific activity and biological activity. Since it is quite difiicult to 
reproduce exactly the technique and the results of the labeling procedures, the 
fractionation described in the present communication is a convenient method for 
obtaining a rather uniform material having useful biological activity. 
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Fig. 2. BioIogical activity (prothrombin time) of the original, nonradioactive heparin and of the 
various radioactive fractions obtained by chromatography on a Dowex-1 column. 

Fractionation of heparin into fractions of increasing molecular weight and 
biological activity was performed in 1961 by Laurent’ using cetylpyridinium chloride 
precipitation or chromatography on Ecteola cellulose, and by Lasker and Stivalag 
using differential solubility in alcohol-water mixtures or chromatography on Ecteola 
cellulose. The result presented here demonstrates that Dowex-1 may also separate a 
given acid mucopolysaccharide into fractions of different molecular weight. Thus, 
despite the opinion to the contrary of Pearce, Mathieson, and Grimmerlo, Dowex-1 
does behave in this respect like Ecteola cellulose and cetylpyridinium chloride7~8, as 
one would expect considering the essentially similar mechanism by which they bind 
acid mucopolysaccharides and the general validity of the concept of critical electrolyte 
concentration’. 

Carbohyd. Res., 13 (1970) 306-310 



310 NOTE 

1 N. DI F-, E. A. POPENOE, D. R. v, .WD P. J. SAMMON, Carbohyd Res., 2 
(1966) 439. 

2 G. H. BARLOW AND FL V. CARDINAL, Proc. SIX. Erp. Biol. Med., 123 (1966) 831. 
3 A. CALATRONI AND N. DI FERRANTE, Carbohyd. Res., 10 (1969) 535. 
4 k CALATRONI AND N. Dr FEWWITE, Anal. Biocbem., 25 (1968) 370. 
5 A. CALATRONI, P. V. DONNELLY, AND N. DI FERRA~, L Ch. Zmest., 48 (1969) 332. 
6 E. G. Rx CHARDS AND H. K. SCHACHMAN, J. Ptiys. Chem., 63 (1959) 1578. 
7 T. C. LAURENT, Arch. Biochem. Biophys., 92 (1961) 224. 
8 T. C. LAURENT AND J. E. Saxr, Nature, 202 (1964) 661. 
9 S. E. LASKER AND S. S. STIVALA, Arch. Biochem. Biophys., 115 (1966) 360. 

10 R. H. PEARCE, J. M. MA THIESON, AND B. J. G-, AnaL Biochem., 24 (1968) 141. 

Carbohyd Res., 13 (1970) 306-310 



311 

Note 

Stereoselective hydroxylation of glycals 

V. B~LIK AND 5. KuEAR 

Institute of Chemistry, Slovak Academy of Sciences, Bratislava (Czechoslovakia) 

(Received August 6th, 1969; in revised form, September 19th, 1969) 

The mode of hydroxylation of glycals with perbenzoic acid, which probably 
involves an intermediate l,aepoxide, is dependent on the nature of the substituent at 
C-3. The hydroxyl group at C-2 is preferentially introduced cis to the substituent at 

C-3 when the latter is a hydroxyl group and trans if HO-3 is substituted. Numerous 
examples are kn~wn~-~. 

Treatment of glycals with hydrogen peroxide and osmium tetroxide in rert-butyl 
alcohol gave’, predominantly, the aldose having rrans-substituents at positions 2 and 
3, regardless of substitution of HO-3. 

Hydroxylation of glycals by perbenzoic acid has been used for the preparation of 
some relatively rare aldoses, for example, D&lose (32%) from D-galaCtd2, and 
L-ribose (40%) from r_-arabina13. The disadvantage of this method is the instability of 
perbenzoic acid and the poor stereoselectivity of the reaction. 

We have found that the hydroxylation of D-galactal by hydrogen peroxide in 
the presence of osmium tetroxide gives D-galactose and o-talose in the ratio 41. In 
the presence of selenium dioxide, vanadium pentoxide, or chromium trioxide, the 
ratio was ca. 2:l. However, the yield was relatively low, due to the formation of by- 
products. Whereas the hydroxylation of n-galactal in the presence of OsO,, SeO,, 

v,o, 9 or CrO, leads preferentially to products having truns 2,3-substituents, 
hydroxylation in the presence of molybdenum trioxide or tungsten trioxide affords 
almost exclusively cis 2,3-substituted products (Table I). 

TABLE I 

HYDROXYLATION OF D-GAIACTAL BY HYDROGEN PEROXIDE IN TM PRESENCE OF VARIOUS OXIDES 

Catalyst Yield (%) Ratio 
Dtalose + D-galactose D-tdOSe: D-gdaCtOSe 

Moo3 90 9.5:o.s 
wo3 90 9:l 
OS04 10 1:4 
s-2 10 1:2 
VZOS 5 1:2 
cl-03 5 lZ2 
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The stereoselective, catalytic action of molybdenum trioxide was further 
demonstrated with D-glucal, D-arabinal, and D-xylal, by the formation of D-mannose, 
D-ribose, and D-lyxose, respectively (Table II). In addition to the main product, small 
proportions of the epimeric aldose and the corresponding 2-deoxyaldose are formed, 
the latter being the result of the addition of water due to the relatively acidic medium 
(pH 2.8). The stereoselectivity may be due, at least in part, to complex formation 
between HO-3 and peroxymolybdenic acid. 

TABLE II 

PRODUCTS ISOLATED FROM REACTION h%XXTURES OBTArNFiD BY HYDROXYLATION OF GLYCALS (5 g) BY 

HYDROGEN PEROXIDE IN THE PRESENCE OF MOLYBDENUM TRIOXIDE 

Giycal Reaction products Yield Ratio of 
(g) W) OkiOSC?S 

RF values 

D-Glucal 
[RF 0.49) 

DGalactal 
(RF 0.42) 

D-Arabiaal 
(RF 0.65) 

D-&‘lti 

(RF 0.65) 

D-Mannose 4.9 
D-Gkcose 0.3 
2-Deoxy-marabino-hexose 0.45 
D-Tdose 4.8 
D-Galactose 0.25 
2-Deoxy-D-lyxo-hexose 0.4 
D-Ribose 5.75 
D-Arabinose 0.15 
%Deoxy-D-erytbro-pentose traces 
D-LyXOSe 4.85 
D-Xylose 0.2 
2-Deoxy-D-tkreo-pentose 0.3 

80.3 

78.7 

89.1 

75.2 

95.2 
4.8 

95.0 
5.0 

97.5 
2.5 

96.0 
4.0 

0.12 
0.09 
0.25 
0.15 
0.07 
0.22 
0.19 
0.12 
0.34 
0.16 
0.14 
0.37 

EXPERIMENTAL 

Melting points were determined on a Kofler microstage apparatus. Specific 
rotations were measured with a Bendix-Ericsson polarimeter, Type 143A. The 
fractionation of reaction mixtures was carried out by chromatography on columns 
(110x 6 cm) of Whatman CF 12 cellulose with 5:1:4 butyl alcohol-ethanol-water. 
Sugars were identified by paper chromatography on Whatman No. 1 paper with 
detection by diphenylamine’, and the amounts were determined by direct scanning of 
the detected chromatograms with an ERI-10 densitometer (Zeiss, Jena). 

The starting glycals wc.re synthesized by literature procedures: D-gluca16, 
m-p. 57-60”, [ti]k4 - 8” (c 2, water); D-galacta16, m-p. 9%loo”, [a]k4 - 6.6” (c 2, water); 
D-Xyl& [a]k4 - 245.4” (c 2, water) ; D-arabinal (prepared from $4di-O-acetyl-D- 
arabina17 by ZemplCn deacetylation), m.p. SO-82”, [a]h4 - 197.4” (c 2, water). 

Hydroxylation of D-galactal in the presence of various oxides. - D-Galactal 
(0.5 g) was dissolved in 5% aqueous hydrogen peroxide (5 ml), and one of the fol- 
lowing oxides (10-15 mg) was added: Moos, WOs , OsO,, SeOz, V205, and Cr03. 
When OsO,, SeO,, V20,, or Cr03 was used, the reaction was complete within 4 h. 
In the presence of MOO, or W03. all of the D-galactal had reacted within 40 h. The 
reaction products were analysed by paper chromatography (‘Table I). 
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Hydroxylation qfglycals in the presence of molybdenum trioxide. - To a solution 
of D-glycal (5 g) in 5% aqueous hydrogen peroxide (50 ml), molybdenum trioxide 

(40-50 mg) was added. After 48 h at room temperature, undissolved oxide was 
removed, and the excess of hydrogen peroxide was decomposed by treatment for 24 h 

at 22” with 5% palladised charcoal (O-l-O.2 g)- The atered mixture was then evapo- 

rated in vaczco. A solution of the residue in methanol (100 ml) was treated with 
charcoal and then chromatographed on cellulose. The results are summarized in 
Table II. 

Preparation qf D-taiose. - A mixture of D-galactal (100 g) and molybdenum 
trioxide (1 g) in 5% aqueous hydrogen peroxide (1 litre) was kept for 48 h at room 
temperature. After filtration, 5% palladised charcoal (l-2 g) was added, and the 

mixture was stored for 48 h at 22”. The filtered mixture was evaporated in vacua, and 
the syrupy residue was dried by two-fold evaporation with methanol- A solution of the 

residue in methanol (600 ml) was treated with charcoal and, after storage for 24 h at 
room temperature and thereafter for 24 h at 4”, gave D-talose (64 g), [a]‘, + 19.8” 

(c 1.6, water). Concentration of the mother liquor to half volume gave a further crop 
(21 g). The final mother liquor was subjected to cellulose chromatography to give 
D-talose (8.2 g), D-galactose (4.8 g), and 2-deoxy-D-lyxohexose (7 g). 

The crude, crystalline D-talose obtained above contained a small proportion of 

2-deoxy-D-lyxohexose. Recrystallization from methanol (S ml per 1 g of crude 

D-talose) gave material having m.p. 130-133”, [or]i4 +20.6” (c 1.5, water); lit.’ m-p. 
133-134”, [cz]~ +21° (water). 
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2-Deoxy-2-fluoro-D-galactose 
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Terminal, nonreducing D-galactopyranosyl residues occur in many antigens of 
biological interest, and lactose has been employed as a hapten in numerous immuno- 
chemical studies’. For use in studies of the mechanism of binding of D-galactose-containing 
oligosaccharides to antibodies, the complete series of deoxyfluoro-D-galactopyranose 
derivatives was required_ The 3- and 6ifluoro derivatives have been described’ y3. We now 
report the synthesis of Zdeoxy-2-fluoro-D-galactose. 

The reaction of 3,4,6-tri-O-acetyl-D-galactal (l) with trifluoro-(fluoro-oxy)methane 
in trichloroff uoromethane4 at -78” is closely analogous to that of the corresponding 
D-ghrca15 derivative, in that cis addition occurs6 preponderantly on the lower side of the 
double bond’. The four-product mixture was resolvable by t.1.c. [Kieselgel (Merck) 7731, 
I:2 light petroleum (b-p. 40-600)-ether, detection with concentrated sulfuric acid] _ 
Elution of the mixture from Kieselgel (Merck 7734) with 2: 1 light petroleum (b.p. 40-60°) 
-ether gave, fust, trifluoromethyl 3,4,6-tri-0-acetyl-2-deoxy-2-fluoro~-D-galactopyranoside 
(2,39%), m-p. 67--68O (from light petroleum-ether), [cr]D +151° (c 3.2, chloroform) 
(Found: C, 42.2; H, 4.4; F, 20.5. C13H16F40s talc.: C, 41.5; H, 4.3; F. 20.2%), and then 
3,4,6-tri-0-acetyl-2-deoxy-2-fluoro-cu-D-galactopyranosyl fluoride (3,37%), m.p. 71-72” 
(from light petroleum-ether), [oL]D +136O (c 2.8, chloroform) (Found: C, 46.8; H, 5.3; 
F, 12.5. Cr2HreFa07 talc.: C, 46.4; H, 5.2; F, 12.3%). Further elution with 1: 1 light 
petroleum-ether gave small amounts (- 5%) of the (presumed) corresponding talose 
derivatives. 

Hydrolysis of 2 with boiling 2M hydrochloric acid was complete in 2.5 h (t.l.c., 
2: 1 ethyl acetate-ethanol), to give a single product (RF 0.65). Dilution with ethanol, 
neutralization (PbC03), and elution of the product from Kieselgel, gave 2-deoxy-2-fluoro- 
@D-galactopyranose (6,79%), having m.p. 131-135” (from ethyl acetate-methanol) and 
@ID +78..5 (5 min) + +92” (12 h) (c 2.3, water) (Found: C, 39.8; H, 6.3; F, 10.7. 
C6Hll FOS talc.: C, 39.5; H, 6.0; F, 10.4%). Hydrolysis of 3 with 2~ hydrochloric acid 
was complete in 1 h, and 2-deoxy-2-fiuoro-@D-galactopyranose (4,63%), m.p. 131-135”, 
was isolated as described for 6 

The nm.r. spectrum (94.1 MHz) cif a solution of the fluoro sugar in D2 0 showed 
‘?? resonances at 3822.5 HZ JF,~ < O,S, JF,~ 50, JF,~ 12.6, and JF_~ -3.5 I&) and at 

*Permanent address: Albert Einstein College of Medicine, Bronx, N. Y., U.S.A. 
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3802 Hz (.&,I 3.5,Jp,2 50.5, JF,~ 15.3, and JF,4 - 3.5 Hz) upfield from C&F,, with 
relative integrated intensities of 2:3, that were assignableS to the or- and @-D anomers of 
2-deoxy-2-fluoro-D-galactopyranose. The n.m.r. spectrum in Me,SO-& showed the 
anomeric hydroxyl proton, T 3.17 (doublet, J 7 Hz) and one other hydroxyl proton, T 5.0 
(doublet, J 5 Hz; assigned to OH-3) (acetonitrile at T 8.0). Addition of D, 0 removed the 
hydroxyl protons, leaving one anomeric proton, T 5.41 (triplet, J 6 Hz). 

The structures of 2 and 3 were established by n.m.r. spectroscopy, and the 
essential data are included in Table I. The a-D- galacto configuration follows from the 
magnitude’of the vicinal, ‘H-i H coupling -constants*. The vicinal ’ H-“F coupling- 
constants confum this assignment, and the 4J coupling (3.5 Hz) between F-2 and H-4 is 
consistent with a planar-W relationship9 inherent in the D-gaiactopyrano configuration in 
the CI (D) conformation. The fluorine atoms of the OCFs group were coupled (J 1.5 Hz] 
to F-2, as shown by decoupling experiments”, with simultaneous removal of the residual 
coupling (J 0.5 Hz) of the ring protons to the OCF3 group. 

The reaction sequence outlined gives 2-deoxy-2-fhroro-D-galactose from 
D-galactose in an overall yield of 30%. 
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Preliminary Communication 

New route for the synthesis of 3-deoxy-D- erytImhexos-Z-ulose* 

H. EL KHADEM, D. HORTON, M. H. MESHREKI, and M. A. NASHED 

Department of Chemistry, The Ohio State University. Columbus, Ohio 4320 (U. S. A.) and 
Chemistry Department, Faculty of Science, AIexandria University, Egypt (U..R.j 
(Received March 6th, 1970) 

It is known’ that aldoses are converted into 3-deoxy-aldos-Z-uloses by 
prolonged heating with amines. We have added benzoylhydrazine to the aldose-amine 
mixture, and have obtained a 3-deoxy-aldos-2-ulose bis(benzoylhydrazone) which, upon 
transhydrazonation with benzaldehyde, gives the 3-deoxy-aldos-2-ulose. In view of the 
high yields and good crystalking properties of these new bis(benzoylhydrazones), the 
present route constitutes an improvement over existing methods’s2 for the preparation 
of 3-deoxy-aldos-2-uloses. 

D-Glucose 

zmannose %!zz\ “Fzlll 

HC=N-NH-Bz (332 PhCHO (332 

I I 

/ 
I 

C=N-NH-Bz NaIOa HCOH HCOH 

I - I 
, 

I 
CH2 HCOH BzNH?XH2 HCOH 

I I I 
CHO CH2 OH CH20H 

3 1 2 

The reaction is illustrated by the preparation of 3-deoxy-Detythro-hexos-2- 
ulose (2) as follows: a solution of D-gluCOse (2.5 g), benzoylhydraziqe (3.2 g), and 
p-toluidine (1 g) in ethanol (50 ml), water (10 ml), and acetic acid (0.5 ml) was boiled . . 

*upported, in part, by Grant No. GM-11976-06 (OSURF Project 1820) from the N.I.H., P.H.S., 
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for 7 h under reflux. The product (1.9 g) crystallized from ethanol, m.p. 191°; [u] g + 20.0° 
(c 0.2, pyridine); vrnax KBr 166O(CONH) and 3350 cm-’ (OH); by mixed m.p. and X-ray 
powder diffraction pattern, it was identical with 3-deoxy-D-erythro-hexos-2-close bis- 
(benzoylhydrazone) (1) obtained from an authentic sample of 3-deoxy-D-erythro-hexos-Z 
ulose’ . Upon periodate oxidation. compound 1 consumed 2 moles of oxidant per mole, 
and gave aIdehyde 3, m-p. 212”, vmax ICBr 1660 (CONPI) and 1700 cm” (CHO). Treatment 
of the bis(benzoylhydrazone) 1 with benzaldehyde in the same way as described for the 
preparation of D-arobino-hexosulose3 afforded 0.6 g of 3-deoxy-D-erythru-hexos-2- 
ulose”2 (2), identified by conversion into the known2 bis[(2,4_dinitrophenyl)hydrazone], 
m.p. and mixed m.p. 265”, and a new bis@henylhydrazone), m.p. 190”; [a] g -73. lo 
(c 0.12, pyridine). 

FuIl details of this synthesis and of the synthesis of other 3-deoxyaldos-2-uloses 
will be published later. 
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Carbohyd Rex, 12 (1970) page 101, line 1 should read: 
pit a m/e g8 MeOCH * CHOMe qui a r% trouvg pour les m6thyl3,5-di-0-ac&l-2-0- 

page 105, line 4: 
(10: 1) f2,3 mg), p.f. 90-910 Le Tableau II indique le temps de rgtention de ces anomeres 

page 105, line 6: 
Le temps de ritention de ranom&e a! correspond ?t celui du m&thy1 2,5&O- 

page 105, line 9: 
pas identique au m&thy1 3,5-di-0ac6tyl-2-Qm6thyl-rhamnofuranoside. 

page 105, line 5 from bottom: 
Ia c.p.g. des produits obtenus aprks dtZm6thylation sont dorm& dans le Tableau I. 
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Book review 

The Amino Sugars. Tile Clzemistry and Biology of Compounds Containing Amino 
Sugars; Volume IA, Chemistry of Amino Sugars: edited by ROGER W. JEANLOZ, 

Academic Press, New York and London, August 1969, xxi+480 pp., $27.00 (252 s). 

The importance of this unique series of volumes may be inferred from the fact 
that amino sugar derivatives are remarkably widespread; indeed, Volume IIA of the 
series even contained a chapter entitled “Glycosaminoglycans in the Connective 
Tissue of the Electric Organ”. Research in the chemistry of amino monosaccharides 
has been quite incredibly stimulated by the discovery of a large number of unusual 

amino sugars as components of antibiotic and carcinostatic agents, and, in general, 
the synthetic efforts of the organic chemist have kept pace with the isolation of these 

compounds from natural sources. 

In Chapter 1 (by D. Horton), which constitutes over 50% of the textual 
material of the book, is undertaken the heroic task of describing the chemistry of 
monomeric amino sugars. This is as much an exercise in permutations and combina- 
tions as any branch of organic chemistry, since the amino sugars now known include 
those in which one or more nitrogen atoms (each with a large variety of possible 
substituents) occupy virtually any position, either attached to the carbon chain of the 
sugar or engaged in a heterocycle. 

Regrettably, the production of this book has been plagued by innumerable 
delays, and, as a result, Chapter 1 covers only the material published prior to January, 
1965, except that a list of the author’s subsequent publications in the field is appended. 
Nevertheless, this chapter is very worthwhile, as much of the material published 
between 1955 and 1965 has not been adequately reviewed before, and the reader who 
desires fuller coverage of more recent advances in the field can look forward to the 
appearance of Volume III, in which (hopefully) Volume IA and the previously 

published Volumes IIA and IIB will be brought up to date. The quantity of new 

material available is such that it could not possibly have been included in a single 

volume, especially as the authors have been encouraged to write inclusively, instead of 
selectively. Chapter 1 contains a number of previously unpublished infrared spectra 
of positional isomers of methylated hexosamine derivatives. Unfortunately, these 
spectra are all quite similar (and unassigned), and it appears that more cogent 
structural or “fingerprint” information could have resulted from the inclusion of 
some high-field nuclear magnetic resonance or mass spectra. 

Chapter 2 (by G. Blix and R. W. Jeanloz) is devoted to sialic acids (acylated 
derivatives of 5-amino-3,5-dideoxy-D-g~ycero-D-ga~acto-nonulosonic acid) and mura- 
mic acid [2-amino-3-O-(D-l-carboxyethyl)-2-deoxy-D-ghtcose]. These interesting 
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natural products are considered from the point of view of their discovery, structural 

characterization, estimation, physical and chemical properties, synthesis, and 
derivatives. The unpublished physical constants of a number of derivatives of N- 
acetylmuramic acid are tabulated, together with data from the literature, which is 
surveyed mainly to the end of 1966, with a limited number of references for 1967 and 
1968. 

Similar coverage is given in Chapter 3 (by H. H. Baer) to a large variety of 
amino oligosaccharides, ranging from lactosamine to the tetradecasaccharid, 
difucotri(lacto-N-tetraose). Approximately 80 individual amino oligosaccharides are 
considered in some detail, and Haworth-Hirst formulas are given for about 75% of 
these-a useful feature, as, in many cases, their systematic names are rather cumber- 
some. The elegant work of Kuhn and his associates on the amino oligosaccharides 
of human milk is particularly well described, as are also the complexities of the 
Morgan-Elson reaction as applied to these, and to related, compounds. 

Chapter 4 (by J. L. Strominger) is a short, but rather fascinating, synopsis of 
nucleotide derivatives of aminosugars. 

Although alI of the contributors to this volume are extremely well qualified, the 
native tongue of several of them is not English; they have, nevertheless, made a very 
commendable effort to write in good style. The relatively few errors of this type are 
not without some humor or innate truth; for example (from Chapter 2): “Definition 
of the anomery has often led to confusion”. In general, this book is biased towards 
aspects of synthesis, isolation, analysis, and derivatization, and, with the possible 
exception of Chapter 1, little attention is paid to conformational and mechanistic 
factors. Determination of structure by periodate oxidation techniques is discussed 
often, and whilst use of this oxidant for materials of high molecular weight is, of 
course, still valid, such oxidations of monosaccharide derivatives have now been 
largely superseded by spectroscopic techniques. A number of very useful Tables of 
amino sugar derivatives are interspersed throughout the book, and a combined 
Bibliography and Author Index and a comprehensive Subject Index are provided. 

This volume is recommended to all carbohydrate chemists, and to those 
members of the biochemical and biomedical fraternity who wish to extend further 
their appreciation of the relationships of amino sugars to other natural products and 
to life processes. 

National Bureau of Standartis, Washington, D. C. BRUCE COXON 

COEUUGEYNDUM 

Carbohyd. Re.s_, 13 (1970) page 47, Ref. 16, Iine 2, schould read: 

Burg, and G. Rembarz, Chem. Ber., 92 (1959) 1614. 
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MODEL PARAMETERS FOR THE ANALYSIS OF SKEW CONFORMATIONS 
OF CARBOHYDRATES BY P.M. R. SPECTROSCOPY* 

B. COXON 

Analytical Chemistry Division, Institute for Materials Research, National Bureau of Standards, 
Washing:on, D. C. 20234 (V. S. A.) 

(Received September 5th, 1969) 

ABSTRACT 

The p.m.r. spectrum of 3-0-benzoyl-1,2,4-0-benzylidyne-a-o-ribopyranose1 (1) 
at 100 MHz has been analyzed by an iterative, least-squares method. The resulting 
geminal, vicinal, and long-range coupling-constants have been correlated with the 
stereochemistry of the locked, skew conformation of 1, and used to test the applica- 
bility of equations that relate coupling constant to dihedral angle. The mean deviation 
of the approximate proton-proton dihedral angles as calculated from a Karplus 
equation from those measured from a molecular model was 11”. 

INTRODUCTION 

Although the relative importance of chair and nonchair conformations is of 
considerable interest in the conformational analysis of carbohydrate molecules, there 
is a paucity of n.m.r. data from genuine, or widely accepted, examples of nonchair 
conformations’. This is especially true because several of the earlier assignments of 
the skew-boat conformation to carbohydrates3 or to other heterocyclic molecules4 
have been questioned5-‘, or withdrawn 8. In order to determine the magnitudes of some 
of the proton-resonance parameters that may be expected to be characteristic of the 
skew conformations of pyranose compounds, the p.m.r. spectrum (at 100 MHz) of 
3-0-benzoyl-1,2,4-@benzylidyne-+o-ribopyranose’ (1) has been analyzed by 
iterative, computer methods lo. This rigid system provides a suitable model for the 
testing of theoretical and empirical equations rhat relate various types of coupling 
constant with dihedral angle. 

DISCUSSION 

Inspection of molecular models of 1 shows that the molecule is rigidIy locked in 
a skew conformation (2) by the three-point attachment of the benzylidyne group. In 
contrast to the skew conformations of many other monocyclic” and polycyclic 
systems 2*3*1 2, that of 1 is quite inflexible, and it therefore contains a group of protons 

*Presented, in part, at the 153rd National Meeting of the American Chemical Society, Miami Beach, 
Florida, April 12th. 1967. 
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of well-defined geometry which is ideally suitable for a study of the magnitudes of 
coupling constants. In this case, there is no possibility that the coupling constants 
observed could be modified by contributions from populations of other conformers in 
solution. 

The assignments of the signals of the ring-protons in the spectrum (see Fig. la) 
of 1 in chloroform-d were confirmed by notin, = the soIvent shifts of solutions in 
pyridine, and by frequency-swept, double-resonance experiments. Some of the 
double-resonance spectra are shown in Fig. 1 (c and d). 

H-2* 

Fig. 1. P.m.r. spectra of 3-0-benzoyl-1,2,4-0-benzylidyne-a-D-ribopyranose in chloroform-d at 
100 MHz; the signals of the aromatic protons are not shown. (a) Single resonance spectrum, (b) theo- 
retical spectrum from iterative analysis, (c) irradiation of H-l, and (d) irradiation of H-2 and H-3. 

Initial parameters for the iterative analysis of the spectra were derived by ABX 
analysis’3 of the H-3, H-2, and H-4 nuclei with H-l decoupled (Fig. Ic), and by ABX 
analysis of the H-5, H-5’, and H-4 signals in the single-resonance spectrum (Fig. la) 
(H-5 resonates at lower field than H-5’). With H-l decoupled, H-Z still resonated as a 
quartet (Fig. lc) whose spacings suggested long-range coupling with H-Q. This 
situation was confirmed by irradiation of H-4. 

The initial p.m.r. parameters, and refined parameters after a total of thirteen 
iterations, are shown in Table I. Good agreement was obtained between the observed 
spectrum (see Fig. la) and the theoretical spectrum (Fig. 1 b) calculated from the 
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refined parameters. Analysis of the observed spectrum was also attempted by using 
a negative sign for the long-range coupling J 2,4. In the tial theoretical spectrum 
calculated for this case, the relative intensities of the H-4 lines, and of the lines in the 
multiplet which may be assigned mainly to H-3, did not agree with the observed 
spectrum so well as when J2,4 was made positive. Evidently, there is sufficient 
mixing of the spin states of H-2 and H-3 for reversal of the sign of J2,4 to affect the 
intensities of the (mainly) H-3 lines. Iterative computations in which a negative 
initial value was used for J2,4 failed to converge to a satisfactory fit, and hence Jze4 
may be assumed to be positive. 

TABLE I 

P.M.R. SPECXRAL PARAMETERS (i&i?) OF 3-o-BENZOYL-1,&t-O-BENZYLIDYNEQ-D-RIBOPYRANOSE (1) AT 

100 MHz 

Parameter Initial Refined (I3 iterations) 

Vl 

V2 

v3 

v4 

VS 

US’ 

Jl.2 

A.3 

A,4 

Ji,S 

Jl,s 

J3,3 

J2,4 

J3.S 

JZ,5’ 
J3.4 

33,s 

J3,s 

34,s 

Ji.5 

J&,5’ 

590.32 590.31 *0.02 
489.99 489.77 *0.04 
495.36 495.34 rtO.04 
440.72 440.62 f0.03 
435.68 435.79 -10.03 
412.43 412.64 zto.03 

4.50 5.22 zko.05 
0 -0.54 &O.OS 
0 -0.06 10.03 
0 0.05 io.03 
0 -0.14 +0.04 
3.37 3.53 &-o-o3 
2.27 2.45 &to.03 
0 0.04 hO.03 
0 -0.04 *to.04 
1.08 1.33 50.04 
0 -0.18 f0.05 
0 -0.02 hO.05 
0.30 0.27 hO.04 
3.30 4.09 kO.04 

-11.69 - 11.71 _lro.o3 

From Table I, it may be seen that the iterative process caused little change in the 
chemical shifts, although there was a general tendency for the numerical values of the 
coupling constants to increase. For the particular values of proton-proton dihedral 
angles (4) represented in 2, the corresponding values of the vicinal coupling-constants 
(Table I) may be used to test the applicability of the Karplus equation14*15 

Cp = cos-l 
0.5~[0.25+36(J+0.28)]“2 

( 18 > 
(1) 

to carbohydrate systems. The mathematical form’ ’ of this equation is convenient, in 
that the solution of the quadratic equation in cos (b provides two roots, one of which 
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correspcnds to 0” < 4 < 8 8”, and the other, to 88” < 4 ,( 180°, with the use of the 
same set of constants for each type of angle*. 

TABLE II 

APPROXIMATE PROTON-PROTON D&DRAL ANGLE.5 ($6, DEGREES) IN 3-O-BENZOYL-1,2,4-0- 
BENZYLIDYNEU-D-RIBOPYRANOSE 

Angle Proton orientation.9 From moIecuIat modelsb Calculatedfrom J For C2 tanistformc 

d1,2 e. 4 22 36 (139)d 33 
$2,3 4, a 50 47 (129) 33 
$3.4 0, e 72 63 (113) 71 
44,s e, 9 100 103 (74) 87 
$4,5* e, 4 20 44 (132) 33 

CEquatorial (e), axial (a), quasi (q). *Dreiding. CPyranoid ring in idealized symmetrical twist form with 
ringatom dihedral angles of 33 or 71”. dThe figures in parentheses are the alternative values of #I 
calculated from the KarpIus equation. 

In Table II are shown (a) the approximate dihedral angles of the vicinal protons 
obtained by measurement of Dreiding molecular models of 2, (b) the two angIes 
which were caIcufated from each vicinal coupling-constant by using equation (l), 
and (c) the angles that would be expected for an idealized, symmetrical C, skew 
formI of the pyranoid ring (ignoring the symmetry-destroying effect of the ring 
oxygen-atom). It may be seen that, in a molecular model of 2, the molecule is some- 
what distorted from the idealized, C, skew form, as only the corresponding values of 
43,4 are in cIose agreement. Part of this distortion is due to the unsymmetrical 
attachment of the five-, six-, and seven-membered rings formed by the benzylidyne 
substituent. The values of 42,3, 43,4, and +4,5 calculated from equation (I) agree 
quite well with the values estimated by study of molecular models, although, in order 
to obtain good agreement for +4,5, it is necessary to choose the Iarger value (103”) 
from the two possible vaIues. The agreement is less good for @il ,z and 44,5,. AIthough 
J,., (5.22 Hz) for this molecule (1) is quite large, it is not large enough to yield a 
calculated value of 4,,Z app roaching 22”, probabIy because the magnitude of J, ,2 is 
lessened I7 by the electronegative atoms that are bound to C-l and C-2. The reason 
for the deviation of the calculated from the observed value of 44,5,, amounting to 
24”, is not yet clear. The expected dependence I4 of vicinal coupling-constants on 
bond angle and bond length has not been verified for carbohydrate systems, possibly 
because of the difficulty in obtaining suitable data from solutions, and the inadequacy 
of most types of molecular model for such studies. 

The value of the geminal coupling (Js 5, 
those (10.8-10.9 and 13.4-14.0 Hz) reportedi 

I I.7 Hz) of 1 is intermediate between 
for oc anomers (A) or /I anomers (B) of 

D-ribopyranose tetrabenzoate or of the related l-halides, for which a dependencelg 

*The effect on vicinal coupling constants of molecular parameters other than dihedral angle has 
been emphasized previously14. 
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on the orientation of the vi&al, electronegative substituent (benzoyloxy) on C-4 has 
been indicatedI’. Although the value of 11.7 Hz for Js,s, is closer to those of com- 
pounds A, the orientation of O-4 with respect to H-5’ and H-5 more nearly resembles 
the tram-gauche arrangement found l8 in compounds B. However, for conchair 
conformations of six-membered heterocycles, a further influence on the geminal 
coupling-constant must be considered_ The results of theoretical’g and experi- 
menta120-22 studies have suggested that proximity of the cr and p orbitals of a C-H 
bond and an oxygen atom, respectively, can lead to a p -+ CT electron transfer which 
results in a positive increment to the geminal coupling-constant, in addition to that 
due to o-electron withdrawal by a suitably disposed, electronegative substituent. In 
comparisons of the geminal coupling-constants of the two chair conformations of a 
pentopyrauose, it is not necessary to consider the p 9 CT effect, as, for each conforma- 
tion, the methylene H-C-S bonds have the same type of orientation with respect to 
the p orbitals of the ring oxygen-atom. However, in passing from these conformations 
to the skew conformation 2, the dihedral angles 45,P and 4S,,PP of the p orbitals 
decrease from -60” to -44” (as estimated from Dreiding molecular models), thus 
leading to more effective p -+ cr transfer and an increased, positive contribution to 
J 5,5s_ The factithat J5,5. is more positive than expected is qualitatively explained by 
this mechanism. 

Ph 

1 

2 

The long-range coupling J2 ,a of 1, amounting to 2.45 Hz, is probably the largest 
thus far observed over four saturated bonds of a carbohydrate system, although 
values as high as 3.0 Hz have been found 23 for m-dioxane derivatives. In the skew 
conformation 2, the dihedral angles 4’ (of H-2 and C-4, about the C-2-C-3 bond) and 
+“’ (of H-4 and C-2, about the C-3-C-4 bond) are - 170° and - 171°, respectively, and, 
therefore, the orientation of H-2, C-2, C-3, C-4, and H-4 is very close to the planar 
W-arrangement that is consideredt4 to be optimal for coupling (4J) over four 
saturated bonds. In 2, H-2 and H-4 have quasi and equatorial orientations, with 
respect to the pyranose ring. 

The positive sign of J2,4 is in agreement with the indirect, through-bond 
mechanism proposed’ 5 by Barfield, but does not agree with an alternative, indirect, 
coupling mechanism2 6 based on intra-atomic Hund coupling between eIectron spins. 
The latter mechanism does not depend on the stereochemistry of the nuclei coupled, 
and cannot therefore explain the planar W rule. However, Bat-field’s mecha- 
nism25 does not satisfactorily account for the recently reported27 variation of the 
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sign of 4J with the equatorial-equatorial, or equatorial-axial orientations of ring 
protons of the chair conformations of pyranoid sugars. Barfield’s theory2’ has been 
interpreted28 in terms of the equation 

4J = 0.7 (cos2 4,’ -I- COG $P) - 0.3 (2) 

Substitution of the values of 4’ and 4”’ for 2 in this equation gives a value for 4J of 
I.06 Hz, a value that does not agree with the observed value of J2+ namely, 2.45 Hz. 
Such disagreement has been noted 28 for 4J in a series of tetrachlorobicyclo[2,2,1]- 
heptane derivatives, and it was suggested 28 by Bystrov and Stepanyants, that better 
agreement with the experiment could he obtained by use of the equation 

4J = A cos’ c$’ cos2 +“‘-I3 (3) 

where B = 0.35, and A = 0.31 for 0” < &, 4”’ < 90°; 1.07 for 0” < 4’ < 90” < 4”’ < 
180”; or 3.61 for 90” < +‘, 4”’ < 180”. For 2, equation (3) yields 4 J 3.07 Hz, which 
agrees more closely with the observed value of J2.4. 

The applicability of equations (2) and (3) to long-range couplings of other 
carbohydrate derivatives was next examined. The couplings J1,3 + 1.6 and JSS5 

-t- 1.5 Hz have been reported ” for 1,6-anhydro-/3-D-mannopyranose triacetate (3); 
these values are the largest that were found in a survey 27 of the magnitudes and relative 
signs of 4J (over saturated bonds of carbohydrate ring-systems). Considering J1,3 

first, measurement of Dreiding molecular models of 3 yielded dihedral angles 4’ (of 
H-l and C-3, about the C-l-C-2 bond) and 4”’ (of H-3 and C-l, about the C-3-C-2 
bond) of 180” and 167”, respectiveIy. The application of equations (2) and (3) to these 
angles gives theoretical values of J, ,J of I .06, or 3.08 Hz, respectively. Similarly, for J3 ,s , 

the dihedral angles (b’ 167” (of H-3 and C-5, about the C-3-C-4 bond) and 4”’ 172” 
(of H-5 and C-3, about the C-5-C-4 bond) obtained from models of 3 yield theoretical 
couplings of 1.05 (equation 2), or 3.01 Hz (equation 3). Thus, for compound 3, and 
other similar derivatives27*2g, the 4J couplings are predicted more accurately by 
equation (2), than by equation (3). These derivatives do not have completely rigid 
ring-systems, whereas the D-ribopyranose compound 1 and the tetrachlorobicyclo- 
[2,2,l]heptane derivatives2* do. For the bicycloheptane derivatives and 1, it is less 
likely that molecular vibration (or conformational interconversion) forces the 
interacting protons into orientations less favorable for coupling. It has often been 
observed that the 4Jcouplings in conformationally locked ring-systems are abnormal- 
ly large24*30~31, although, in some cases, this must be due to a greater number of 
“through-bond” coupling-paths. 

Although H-5 and H-5’ each have the same quasi orientation with respect to 
the skew shape (2) of the pyranoid ring, the results in Table I show that H-5 resonates 
at 0.23 p.p.m. to low fieId of H-5’. Measurements of Dreiding molecular models of 
2 indicate that the distances of H-5 from the axially oriented O-l and O-4 are about 
2.4 and 2.5 A, respectively. As these distances are less than the sum (2.6 A) of the 
van der Waals radii, deshielding of H-5 by a van der WaaIs mechanism32P33 may be 
expected to be important. 
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Several other types of locked-ring system are present in 1. The 1,3-dioxolane 
ring formed by C-l, C-2, O-l, O-2, and the benzylidyne carbon atom (C-1,2,4) must 
adopt a twist shape. A flattened chair-conformation34 of a nz-dioxane ring is formed 
by C-2, C-3, C-4, O-2, 04, and C-1,2,4, and the seven-membered ring comprised by 
C-l, C-4, C-5, O-l, O-4, O-5, and‘C-1,2,4 is forced to adopt a twisted chair form. 
Each ring-system bears at least one pair of vicinal protons whose coupling constants 
(see Table I) may be useful as examples that are characteristic of locked confor- 
mations. 

EXPERIMENTAL 

General. - P.m.r. spectra of 1 were recorded at 100 MHz, in the frequency- 
sweep mode, with the spectrometer locked internally on the signal of tetramethylsilane 
(t 10.00). Frequency-swept double-resonance experiments were performed with an 
external, audio oscillator. The concentrations of the solutions of 1 were 83 mg in 
chloroform-d (0.5 ml) (saturated solution), and 183 mg in pyridine (0.8 ml). Spectra 
for analysis were recorded at a sweep-width of 250 Hz; however, the sweep-offset was 
calibrated from spectra measured at the 1 kHz sweep-width. Sweep widths were 
verified by means of an electronic frequency counter. 

Spectral assignments andpreliminary analysis. - Because of their proximity to 
electronegative or anisotropic atoms or groups, it was expected that H-l and H-3 
would resonate at low field. Spectra of 1 in chloroform-d showed a sharp doublet 
(with weak, outlying lines) at z 4.1 which was assigned to H-l, complex multiplets at 
T 5.1 and 5.6, and a sharp quartet at z 5.9. Results of integration of the spectrum at 
60 MHz indicated that each complex multiplet represented two protons. However, in 
spectra of 1 in pyridine, the complex multiplet at higher field was separated into a 
less complex, one-proton multiplet at 7 5.36, and a sharp, one-proton doublet 
(spacin g 11.4 Hz) at r 5.56. Moreover, in pyridine, H-l resonated as a complex 
multiplet composed of at least six lines, and the bandwidth of the remaining two- 
proton complex multiplet at e 4.8 was smaller than that at z 5.1 for solutions in 
chloroform-d. On irradiating solutions in pyridine at z 4.8, or in chloroform-d at 
t 5.1 (see Fig. Id), the doublet or complex multiplet, respectively, at low field col- 
lapsed to a sharp singlet (H-l, decoupled), thereby demonstrating that the multiplet 
at z 4.8 or 5.1 contains the H-2 signal, in addition to that of H-3. Also observed in 
these spin-decoupling experiments was the collapse of the complex multiplet at T 5.36 
(in pyridine) or at ~‘5.6 (in chloroform-d, see Fig. Id) to a sharp doublet which 
contained a spacing of medium size that also appeared in the quartet at highest field. 
Since both the latter quartet and the doublet at slightly lower field each contained the 
same large spacing (- 12 Hz) characteristic of nonequivalent, geminal protons, these 
multiplets were assigned to H-5 and H-5’, and the remaining complex multiplet, to H4. 

On irradiating H-l (in chloroform-d), the portion of the comple;r multiplet 
(7 5.1) at higher field collapsed to a quartet, whereas the part of the multiplet at lower 
field was not changed (see Fig. lc). On this basis, the H-2 signal could be assigned as 
being mainly an octet overlapping with a quartet (H-3, mainly) at slightly lower field. 
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On irradiation of H-4, the H-3 signal was simplified to a doublet, and the H-2 
signal to a quartet, thereby confirming the existence of the long-range coupling 
between H-2 and H-4. 

Irradiation of H-l of 1 (in pyridine) simplified the complex multiplet due to 
H-2 and H-3 to a sharp doublet, thus suggesting that, in this solvent, H-2 and H-3 
have the same chemical shift3’. 

In order to obtain initial parameters for iterative analysis of the spectra, the 
H-2 and H-3 quartets in the spectrum (Fig. lc) for H-l decoupIed were subjected to 
an ABX analysis’ 3, with H-3, H-2, and H-4 regarded as the A, B, and X nuclei, 
respectively. The recalculated and experimental line-positions agreed to within 0.1 Hz. 
The results of the ABX analysis suggested that the relative signs of JAx (J3,J and 
JBx (J& are the same. As vicinal, proton-proton coupling-constants (e.g., Jss4) are 
normalIy positive”, it was therefore assumed, initially, that J2,4 is also positive. 
Because the chemical shifts of H-2 and H-3 from H-l were large and similar ( N 100 Hz), 
it was assumed that the H-2 and H-3 signals experienced approximately the same 
Bloch-Seigert shift3 6 on irradiation of H-l. The chemical-shift difference v3 -v, 
(a,,) calculated from the double-resonance spectrum (see Fig. lc) was then used for 
estimating the chemical shifts of H-2 and H-3 in the single-resonance spectrum 
(see Fig. la) by reference to their observed line-positions. 

As already mentioned, the H-S signal is a doublet in both chloroform-d and 
pyridine; therefore, since, despite their small chemical-shift difference, H-4 and H-5 
are obviously only weakly coupled, initial parameters for H-5, H-5’, and H-4 were 
estimated from an ABX analysis’ 3 of this sub-system of protons. From this analysis, 
the recalculated and experimental line-positions agreed within 0.09 Hz, and the 
parameters vq 440.72, vg 435.68, vs. 412.43 Hz, J4,5 0.93, J4,5. 3.30, and Jsn5. 11.69 Hz 
were obtained. 

The parameters from the two ABX analyses were combined with first-order 
parameters from the H-l signal, and, on the assumption2’ that the geminal coupling 
J5,5r is negative, a trial theoretical spectrum for six spins (I-I-1-H-5’) was computed 
by using the LAOCN3 program lo The resulting machine-drawn*, theoretical . 

spectrum agreed well with the spectrum observed, except that the theoretical signal 
for H-5 was a quartet that contained a small spacing, and the chemical-shift difference 
of H-2 and H-3 was too great. 

Iferutiue computations. - Suitable adjustments were made to the initial para- 
meters (see Table I) and a new trial theoretical spectrum was computed; H-5 now 
appeared as a doublet. 

Iterative computations were then performed in which 88 of the theoretical 
transitions were assigned to 26 experimental line-positions, and in which variation of 
all of the 21 chemical-shift and coupling parameters was permitted. Computation 
proceeded for five iterations, with root-mean-square (r.m.s.) errors of 0.414, 0.250, 
0.233, 0.230, and 0.230. The computed probabie errors of the iterated parameters 

*By a d&ital, incremental, x-y plotter with Lorentzian and Gaussian line-widths of 0.6 Hz 
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were then < 0.11. However, the frequency errors (IAvj) of 23 of the assigned theoretical 
lines were ~-0.2 Hz. Hence, their experimental frequencies were re-assigned to other 

theoretical lines. 

With these modifications, the iterated parameters were re-inserted in the 
program, and four more iterations were performed, giving r.m.s. errors of 0.124, 
0.098, 0.095, and 0.095, and probable errors of parameters ~0.05. With further 
minor modifications to line assignments, four further iterations were conducted, 
affording r.m.s. errors of 0.129,0.114,0.109, and 0.108, probable errors of parameters 
~0.05, and dv ~0.29. In Table I, the refined parameters (and their computed, 
probable errors) are compared with the initial parameters. 

The computations were repeated for the case where the same initial parameters 
were used, except that Jzs4 was made negative. In the trial theoretical spectrum 
resulting for this, the relative intensities of the two downfield-lines of H-3, and of two 
lines of the H-4 multiplet, were reversed, so that poorer agreement with the observed 
spectrum (see Fig. la) was obtained. Iterative computations (seven cycles, and three 
cycles, successively) for this gave r.m.s., frequency, and probable errors that were 
appreciably larger than where Jzm4 was positive. In addition, the theoretical spectrum 
calculated from the iterated parameters was in poor agreement with the observed 
spectrum. 
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(Eingegangen den 22. September 1969) 

ABSTRACT 

5,6-Anhydro-I ,2-0-isopropylidene-3-U-methyl-a-D-glucofuranose reacts either 
in the melted state or in boiling dioxane with the 3-sodio derivative of 1,2:5,6-di-O- 
isopropylidene-a-D-gcofuranose to give 1,2:5,6:1’,2’-tri-O-isopropylidene-3’-O- 
methyl-di-cr-D-glucofuranose 3,6’-anhydride. Acid hydrolysis and acetylation yielded 
the crystalline hepta-acetate. The structure was estabIished by chemical transfor- 
mation and mass spectrometry. 

ZUS-ASSUNG 

5,6-Anhydro- I ,2-0-isopropyliden-3-0-methyl-a-D-glucofuranose ergibt in der 
Schmelze oder in siedendem Dioxan mit der 3-Natriumverbindung der 1,2:5,6-Di-0 - 
isopropyliden-a-D-glucofuranose das 1,2:5,6:Z’,2’-Tri-0-isopropyliden-3’-O-methyI- 
di-c+r+glucofuranose-3,6’-anhydrid. Saure Hydrolyse und Acetylierung ergeben das 
kristalIine Hepta-acetat. Die Struktur wird durch chemische Untersuchungen und 
Massenspektrometrie sichergestellt. 

EmUNG 

5,6-Anhydro-1,2-U-isopropyiiden-a-o-gIucofuranose ist verschiedentlich zu 
Disaccharidsynthesen verwendet worden. So wird der Epoxidring durch 2,3,4,6- 
Tetra-0-acetyl-a-D-glucopyranosyl-bromid unter BiIdung von 6-Brom-6-desoxy- 
5-[2,3,4,6-tetra-O-acetyl-B-~-glucopyanosyl]-l,2-O-isopropyliden-cr-D-glucofuranose 
geiiffnet’. Auch endstgndige Hydroxylgruppen geeigneter Zuckerderivate greifen den 
Epoxidring nucleophil an. Wird z.B. 5,QAnhydro-1,2-O-isopropyliden-a-D-gluco- 
furanose mit 1,2-0-Isopropyliden-a-D-gIucofuranose geschmolzen, so entsteht als 
iiberwiegendes Hauptprodukt das Di-U-isopropyliden-Derivat eines Di-a-D-gluco- 
furanose-6,6’-anhydrids=. Arbeitet man mit 5,6-Anhydro-1,2-0-isopropyliden3-0- 
methyl-a-D-glucofuranose (1) in Gegenwart basischer Katalysatoren, so tritt haupt- 
s&%&h Polymerisation des Anhydrozuckers unter 5,6-Verkniipfung ein. Diese 
Reaktion ist von Schuerch und Mitarbeitern systematisch untersucht worden3. 
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ERGJZWISSE UND DISCUSSION 

Wir fuhrten die Umsetzung von 1 mit der 3-Natriumverbindung der 1,2:5,6_Di- 
U-isopropyliden-a-D-glucofuranose (Diacetonglucose) (2) durch. In der Schmelze oder 
in siedendem Dioxan erhielten wir hauptsachlich das b&her unbekannte 1,2:5,6:1’,2’- 
Tri-O-isopropyliden-3’-U-methyl-di-a-D-glucofuranose-3,6’-anhydrid (4) neben einer 
kleinen Menge des von Schuerch bereits beschriebenen LinearpoIymeren 3. Die 
isolierung von 3 und 4 erfolgte durch SBulenchromatographie an Kieselgel oder 
Sephadex LH-20; 4 und das durch saure Hydrolyse daraus erhaltene 3’-O-Methyl- 
di-a-D-ghxcopyranose-3,6’-anhydrid (5) sind &up&e, nicht ganz reine Substanzen. 
Durch Acetylierung iiberfiihrten wir 5 in das kristalline, analysenreine Hepta-acetat 6. 

cy--- 

C”2 
0’1 

,oC”z c”/‘HOZe 
‘CH 0 

ID I 
‘OCH 

=? 

i- 

Q - 

‘c;;i 9 
* 

po-A”,,“. 
0-IP 

0. 

OLIP 0 \ 

---0CH O 

OMe Q “\ 
1 2 -1P 

1 
‘c)i 

O-10 

1 

“\ 
O--IP -n 

,OCHz 
IPb I 

Holg-y-y\ - 

CHZOH 

OH 

O-_-ID 
OMe 

,:.i3 OH 

“\ G!?- 
HO 

0-IP 5 

4 

1 C%0= 
OAC 

&q C I 

Ot”X! AC0 OAC 

AcO 

OAC 
6 

Schema 1. 

Das ebenfalls kristalline Nebenprodukt 3 besitzt ein mittleres Mol.-Gew. von 2300. 
Seine analytischen Daten und besonders sein i.r.-Spektrum stimmen mit den von 
Schuerch und Mitarbeitern3 gemachten Angaben iiberein. 

Die %wktur des Di-a-D-glucose-3,6’-anhydrids haben wir auf folgendem Wege 

sichergesteht. Nach der Hydrolyse des Isopropylidenderivates (4) mit 5%-iger 
SaIzssure zeigte das Papierchromatogramm ein einziges, einheitliches Produkt 5 mit 
einem &-Wert, der einem Disaccharid mit einer U-Methylgruppe entspricht. Freie 
D-Glucose oder 3-U-Methyl-D-glucose waren nicht nachzuweisen Das zeigt, da13 
eine reine &herbindung vorliegt. Tritylierungsversuche an 4 ergaben Hinweise auf die 
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erwartete 3,6’-Verkniipfung. Wie das i.r.-Spektrum zeigt, besitzt 4 eine freie Hydroxyl- 
gruppe. In das Anhydrid 4 liel) sich keine Tritylgruppe einfiihren. Dies zeigt in 
AnaIogie zu den umfangreichen Umsetzungen dicser Art4 eine 6-Verkniipfung an. 

Durch massenspektrometrische Untersuchungen an 4 und dem Hepta-acetat 6 
lieJ3en sich neben den exakten Molekulargewichten der untersuchten Derivate die 
Stellen der Verkniipfung exakt festlegen. Das Massenspektrum von 4 (Abb. 1) lieD 

4cl3 

343 345 
I 

I I I I I 11 . . ; “’ * ; iI1 . 350 400 450 MZ 

461 

Abb. 1. Massenspektrum von 1,2:5,6:1’,2’-Tri-O-isopropyIiden-3’-O-methyl-di-~-D-glucofuranose- 
3,6*-anhydrid (4). 

sich unter Beriicksichtigung der Arbeiten von DeJongh und Biemann’ weitgehend 
deuten. Ein Molekiilpeak wird nicht gefunden. Die Abspaltung einer der geminalen 
Methylgruppen der Isopropylidenreste gibt jedoch ein stabiles Ion, so da13 ein 
intensiver Peak bei Massenzahl (MZ) 461 (M- 15) auftritt. Dieses Ion zerf”allt unter 
Eliminierung von Aceton und Essigsiiure. Auf diese Weise kommen die Fragmente 
MZ 403 (M - 15 - 58) und MZ 343 (M - 15 - 58 - 60) zustande. Eine ghnliche Serie 
entsteht durch Zerfall eines Fragmentes MZ 260 (Diacetonglucose), das durch 
Spaltung der “Disaccharidbindung” in der in Schema 2 angegebenen Weise gebildet 

Schema 2. 

A 

A’ 

Curbohyd. Res., 13 (!970) 331-337 



334 A. KLF&fER, G. UHLEIkIANN 

wird. Es sind dies die Peaks bei MZ 245 (200- 151, MZ 187 (260 - 15 - 58), MZ 185 
(260- 15-60) und MZ 127 (260- 15- 58 - 60). Besonders leicht wird bei Hexo- 
furanosen die C-4-C5-Bindung gespalten. Die positive Ladung iibernimmt bevorzugt 
das C-5-C-6-Fragment, so da13 das Spektrum von einem intensiven Peak bei MZ 101 
beherrscht wird. Das C-l-C-2-C3-&&Fragment MZ 159 wird im A’-Teil des 
Molekiiles durch die O-Methylgruppe zu MZ 173 verschoben. Nach diesem Zerfalls- 
mechanismus werden such die Fragmente MZ 303 (M - 173) und MZ 202 (M - 173 
- 101) gebildet, in denen die 3,6’-Bindung intakt blieb. 

Durch einen weiteren charakteristischen Zerfall, bei dem die C-3-C-PBindung 
aufgeht, entstehen die Fragmente MZ 345, MZ 131, MZ 129 und MZ 143. AuBerdem 
gibt es eine Reihe weniger charakteristischer Peaks, die in den Spektren aller Isopro- 
pylidenverbindungen auftreten. Es sind dies die Ionen MZ 100, MZ 85 und MZ 113. 
Intensive Peaks finden sich such bei MZ 43 (CH,COf) und MZ 59 (protoniertes 
Aceton). Das Massenspektrum von 4 steht somit in sehr guter Ubereinstimmung mit 
der Strnlctur eines 3-verkntipften Dimeren. 

Die Verkniipfung in dem 3-O-Methylglucosetei (5’ oder 6’) ist daraus jedoch 
nicht zu ersehen. Hierzu zogen wir das Massenspektrum von 6 (Abb. 2) heran. Bei 

ii ’ I 

2 

303 

L 
300 

d 
350 

Abb. 2. Massenspektrum van 3’-O-MethyI-dia-~-glucose-3,6=anhydrid-hepta-acetat (6). 

emer 6’-Verkniipfung liegen beide Glucosemolekiiie in der pjrranoiden Form var. In 
diesem Fall diirfen die sehr charakteristischen Peaks fiir die furanoide Form6p7 
(Siehe S. 5) im Massenspektrum nicht aufteten. Diese Peaks kommen im Spektrum 
nicht mit der erwarteten Intensitzt vor 6*7. Dagegen leitet sich z.B. vom Fragment 
MZ 303 ein Ion ab, das nur bei Vorliegen eines Sechsrings entstehen kann. Es ist das 
Ion MZ 289 (303 - CH2) mit einer relativen IntensitHt von 75 %. 
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Schema 3. 

EXPERIMENTELLER TEIL 

Allgemeines. - Das Eindampfen der Liisungen geschah im Vakuum bei einer 
Badtemperatur von 35”. Die i.r.-Spektren wurden mit einem Perkin-Elmer Spektro- 
photometer Model1 157 aufgenommen. Die Substanzen kamen als KBr-Presslinge in 
den Strahlengang. Auf mit Kieselgel G (E. Merck AG) bestrichenen Glasplatten 
wurden die Diinnschichtchromatogramme ausgefiihrt. Als Laufmittel fand 
ein Liisungsmittelgemisch, ZOO:0 15: 1 Benzol-Ethanol-Wasser-Xmmoniak, Ver- 
wendung. Die Entwicklung der Chromatogramme geschah durch Spriihen mit 
konzentrierter Schwefels%Ire und anschliehendes Erhitzen bei 120”. Die Papier- 
chromatogramme wurden mit Whatman Nr. 1-Papier aufsteigend mit 8: 1:4 Butanol- 
Ethanol-Wasser a!s Laufmittel angefertigt. Bespriiht wurde mit Anilinphthalat- 
Lasung. Die Massenspektren wurden mit einem Massenspektrometer Model SM I-B 
der Firma Varian-MAT nach einer direkten EinIaDmethode unter folgenden 
Bedingungen aufgenommen: Arbeitstemperatur 160”, Eiektronenenergie 70 eV. 

1,2:5,6:1’,2’-Tri-O-isopropyIi~en-3’-O-mett~yl-di-cr-~-glrccofura?~ose-3,6’-anI~ydrid 
(4). - (a) Darstelhng in einem Liisungsmittel. Zu einer Losung von 1,2:5,6- 
Di-O-isopropyliden-a-D-glucofuranose’ (2, 1,00 g, Schmp. 1 loo) in absolutem 
Dioxan wurde Natriumdraht (ca. 3 g) gepregt und die M&hung 5 Stdn. unter 
RiickfluD und Feuchtigkeitsausschlul3 bei Zimmertemperatur stehengelassen. 
Sodann wurde der Natriumdraht herausgezogen und eine aquimolare Menge von 
5,6-Anhydro-1,2-O-isopropyliden-3-O-methyl-a-D-glucofuranoseg (1, 0,83 g, bzw. 
0,68 ml des Sirups) hinzugegeben. Daran schlol3 sich ein 15-stiindiges Erhitzen unter 
RiickfluB und Feuchtigkeitsausschlul3 an. AnschlieBend wurde zu der Dioxanlosung 
Wasser gegeben und die stark alkalische Losung mit verdiinnter Schwefelsaure 
vorsichtig neutralisiert. Nach dem Eindampfen und Aufnehmen des Riickstandes mit 
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Benz01 konnten die anorgauischen Salze ab8ltriert werden. Die Isolierung durch 
Chromatographie ist im folgenden Paragraphen beschrieben. 

(6) Darstellung in der Schmelze. Verbindung 2’ (1,00 g) wurde mit einer 
iquimolaren Menge Natrium (0,09 g) 1 Std. bei 110” im &bad unter getrocknetem 
Stickstoff geschmolzen. Dabei sublimierte ein geringer Teil von 2. Zu der klaren 
Schmelze wurde eine iiquimolare Menge Verbindung 1' (0,83 g) hinzugegeben und 
anschliel3end die Mischung 2 Stdn. bei 80-100” gehalten. Die abgektihlte Schmelze 
wurde in Methanol-Wasser aufgenomxnen, wobei man, urn die RiicksGnde besser 
liisen zu kiinnen, zweckmiiBig etwas Aceton hinzufiigt. Die stark alkalische Lijsung 
wurde mit verdiinnter Schwefels&ue neutralisiert. Im iibrigen wurde wie vorher 
beschrieben verfahren. 

Chromatographische Reinigung und Trennung. - In ein Chromatographierrohr 
wurde Kieselgel G Pulver unter 0,08 mm mit 9:1 Benzol-Athanol eingeschhimmt. 
Nachdem sich die Suspension tiber Nacht abgesetzt hatte, wurde der Sir-up, gel&t im 
bereits angegebenen Liisungsmittelgemisch, in der iiblichen Weise auf die Sgule 
gebracht. AnschlieBend wurde mit dem gleichen Lijsungsmittel nach der Durchlauf- 
methode mit Hilfe eines Fraktomaten eluiert. Ausgetestet wurden die Fraktionen auf 
Kieselgel G-Diinnschichtplatten. Die entsprechenden Fraktionen wurden vereinigt 
und eingedampft. Zu der Fraktion, die 4 neben gewissen Mengen des Linearpolymeren 
3 enthielt, wurde wenig trockenes Athanol gegeben und vorsichtig eingeengt. Dabei 
kristallisierte die Verunreinigung 3 aus und 4 fiel als Sirup an, der beim scharfen 
Trocknen im Vakuum zu einem Glas erstarrte; 620 mg (34%), [a];’ -32,9” (c 1,8, 
Aceton). 

Anal. Ber. fur C22H36011 (476,5): C, 55,44; H, 7,71; OCHs, 6,51. Gef.: 
C, 55,76; H, 7,70; OCHs, 8,89; Mol.-Gew.: 545 (dampfdruckosmometrisch), 476 
(massenspektrometrisch). 

Die Ausbeute von Poly(5,6-anhydro-l,2-O-isopropyliden-3-O-methyl-a-D- 
glucofuranose) (3) war 80 mg (9 “A), bezogen auf ein mittleres Molekulargewicht von 
2300; Schmp. 155-157”; [a]$,’ -32,2” (c 1,1, Aceton). 

Anal. Ber. fur Ci0Hi605 [(216,2),J: C, 55,50; H, 7,40; 0CH3, 14,35. Gef.: 
C, 55,39; H, 7,43; OCH, , 13,96; Mol.-Gew. : ca. 2300 (dampfdruckosmometrisch). 

3’-O-MethyZ-di-n-D_cose-3,6’-~Zzydrid-Zzepta-acetat (6). - Verbindung 4 
(600 mg) wurde zur Abspaltung der Acetonreste 2 Stdn. mit 50%-iger Essigsgure 
(10 ml) zum Sieden erhitzt und anschliel3end zur Trockne eingedampft. Im Vakuum 
iiber Phosphorpentoxid getrocknetes 5 (450 mg) wurde mit wasserfreiem Natrium- 
acctat (250 mg) und Acetanhydrid (3,0 ml) unter h&uigem Umschtitteln im Verlauf 
von 1 Std. im ijlbad auf 100” erhitzt. Nacli einer weiteren Std. wnrde die Reaktions- 
lijsung fti 10 Min auf 120” gebracht. Nach dem Abkiihlen wurde die Lijsung in 
Eiswasser (100 ml) eingeriihrt. Der dabei ausfallende Sirup kristallisierte nach einiger 
Zeit. Die Lijsung wurde mit festem Natriumhydrogenkarbonat neutralisiert und 12 
Stdn. stehengelassen. Danach wurden die Kristalle abgesaugt und das Produkt aus 
absolutem Ethanol zwei- bis drei-ma1 umkristallisiert; 6 war diinnschichtchromato- 
graphisch einheitlich. Weiteres Umkristallisieren ilnderte den Schmelzpunkt nicht; 
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530 mg (73 %), Schmp. 189-190”. 
Anal. Ber. fiir C27H38018 (650,5): C, 49,85; H, 5,88. Gef.: C, 49,87; H, 6,07. 

Mol.-Gew. : 636 (dampfdruckosmometrisch), 650 (massenspektrometrisch). 
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AFsrRAcT 

The structures of mannose-containing polysaccharides of cell walls from 
Ceraiocystis ulmi and Ceratocystis brumzen have been determined. The L-rhamno-D- 
mannan from Cerutocystis ulmi (the causative agent of Dutch elm disease) contains a 
(1 -&)-linked a-D-mannopyranose main-chain substituted in the 3-positions mainly 
by single-unit a-L-rhamnopyranosyl side-chains (1) and probably by a small proportion 
of 0-L-rhamnopyranosyl-(l-4)-L-rhamnopyranosyl side-chains (2). The D-&ICO-D- 

mannan from Cerutocystis brrrnnea also has an (1+6)-linked a-D-mannopyranose 
main-chain, which is substituted in most of the 2-positions by a-D-glucopyranosyl 
side-chains (3) and also by O-a-D-glucopyranosyl-( 1+2)-0-aD-mannOpyranOSy1 (4) 
and D-mannopyranosyl side-chains (5). The mannan main-chain (10) of the D-~IUCO-D- 
mannan was prepared by conversion of the side-chain units (6 and 8) into the 3,6- 
anhydro-derivatives (7 and 9), which were then removed preferentially by partial acid 
hydrolysis. 

INTRODUCTION 

Recent studies on identification and taxonomy of yeasts, based on the structures 
of the mannose-containing polysaccharides of the cell wall and on their proton 
magnetic resonance (p.m.r.) spectra ‘-I ‘, have been extended to fungi of the genus 
Cerutocystis. Some members of this genus resemble yeasts since they can exist in the 
unicellular form and multiply by budding. 

The present investigation concerns the determination of chemical structure of 
two polysaccharides which appear to be representative of a number of the Ceraio- 
cystis spp. These are the L-rhamno-D-mannan of Ceratocystis ulmi (Dutch elm 
disease fungus) and the D-gluco-D-mannan of Cerutocystis brunnea (from the insect 
galleries in subalpine fir) in terms of their main-chain and side-chain structures. 

RESULTS AND DISCUSSION 

Cells of Cerurocystis species were extracted with hot aqueous alkali and 
mannose-containing pclysaccharide components of the extracts purified via the 

*Issued as NRCC No. 11300. 
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insoiuble copper complexes formed with Fehling solution. The H-l portions of the 
p.m.r. spectrum of each polysaccharide were compared. Thirteen distinguishable 
types of p.m.r. spectra were obtained from 46 species of Ceratocysfis. Of these types, 
the two largest groups of H-l spectra consisted of the spectra of the L-rhamno-D- 
mannans of Ceratocystis ulmi CBS 374.67, Ceratocystis ips CBS 137.36, Ceratocystis 
populina CBS 212.67, Ceratocystis leptographioides CBS 144.59, Ceratocystis aura- 
curiae CBS 114.68, and Ceratocystis tremulo-aurea CBS 361.68 (Fig. 1, spectrum A), 
and the spectra of the D-gluco-D-mannans of Ceratocystis brunnea CBS 161.61, 
Ceratocystis paradoxa CBS 128.32, Ceratocystis coeruiescens CBS 142.53, Cerato- 
cystis adiposa CBS 127.27, and Ceratocystis radicicola CBS 114.47 (Fig. 1, spectrum B). 
Details on the determination of the structures of C. uZmi L-rhamno-D-mannan and 
C. brunnea D-gluco-D-mannan are given below. 

4.33 

4.54 

I t I I I I I 

~4.2 T 5.0 T 4.3 ~4.6 r 4.0 r 4.7 r42 r 4.7 

Fig. 1. P.m.r. spectra from species of Cerutucystis. 

A. Structure of the L-rhamno-D-mannan from Ceratocystis ulmi. - The L-rham- 
no-n-mannan was obtained from cells of C. ulmi in 3.4% yield and it gave a 
singIe peak on ultracentrifugation. Acid hydrolysis gave L-rhamnose and D-mannose. 
The p.m.r. spectrum of the L-rhamno-D-mannan in deuterium oxide at 70” showed an 
C-CH, doublet (anhydrorhamnose) at r 8.18 (.J = 7 Hz) and a principal H-l signal 
at r 4.56 (Fig. 1, spectrum A). Comparison of the area of the H-l and C-CH, signals 
showed that the L-rhamno-D-mannan contains rhamnose and hexose residues in the 
molar ratio 57:43. The mannose residues were found to be in the main chain of the 
polymer since a Smith degradation12, incorporating mild hydrolytic conditions, 
gave a mannan, specific rotation +73”, which contained a-(1+6)-D-mannopyranose 
residues. The structure of the mannan was recognized by its p.m.r. spectrum and by 
periodate-oxidation characteristics. The specific rotation (- lOa) of the heteropolymer 
indicates that most of the glycosidic linkages have the a-cotiguration. 

The position of attachment of the rhamnose-containing side chains to the 
mannan main-chain was determined as follows. A methylation-fragmentation 
experiment provided 2,4-di-U-methyl+mannose, 2,3,4-tri-U-methyl-L-rhamnose, 
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and an unidentified di-U-methylrhamnose. The unknown fragment gave a methyl 
glycoside having a gas-liquid chromatographic (g.1.c.) retention time differing from 
that of the 3,4-di-O-methyl isomer, thus eliminating the possibility of 2-O-substituted 
rhamnopyranosyl units. Since the polyalcohol derived from the rhamnomannan by 
periodate oxidation followed by borohydride reduction gave mannose and 4-deoxy-L- 
erythritol on hydrolysis, 4-Gsubstituted rhamnopyranosyl residues are indicated. 
The linkage between the residues units and the main chain were found to be a-~ since 
partial acetolysis l3 of the rhamnomannan followed by deacetylation gave a mixture 
from which 3-O-a-L-rhamnopyranosyl-D-mannose was isolated; its structure was 
determined as follows. The disaccharide gave rhamnose and mannose on hydrolysis 
and the alditol obtained by sodium borohydride reduction was hydrolyzed to 
rhamnose and mannitol. 3-U-Substitution of the mannose residues was shown by the 
uptake of 1 mole per mole of lead tetraacetate l4 The rhamnose residues have the a-L . 

confignration since the molecular rotation of the derived 3- O-a-L-rhamnopyranosyl-D- 
mannitol is - 11,200”, close to - 11,100” reported for methyl a-L-rhamnopyranosidel 5. 

The above data indicates that the L-rhamno-Dmannan contains an a-(1+6+- 
mannopyranosyl main-chain substituted in the 3-positions mainly by a-L-rhamno- 
pyranosyl side-chains (1) and also by L-rhamnopyranosyl-(144)~U-a-L-rhamno- 
pyranosyl (2) and possibly larger (1 +4)-linked side-chains. The rhamnomannan 
consumed 0.92 mole per moIe of sodium periodate per mole of aldose unit, with 
production of 0.43 mole of acid, values that are consistent with relatively few PU- 
substituted L-rhamnopyranosyl units. 

B. Structure of the D-glttco-D-mannan front Ceratocystis brunnea. - The yield 
of D-gluco-D-mannan from dry cehs of Ceratocystis brmnea was 2.5% and ultra- 
centrifugation of the polymer gave a single peak. The ratio of 1:1.3 for glucose to 
mannose residues was determined by g.1.c. analysis of the alditol acetates obtained by 
hydrolysis of the polymer followed by sodium borohydride reduction and acetylation. 
The free hexoses were characterized as the D enantiomers. The specific rotation of the 
polysaccharide, + 93”, indicates that a-D linkages preponderate. 

The D-gluco-D-mannan was converted, by the methylation-fragmentation 
technique, into a mixture of 0-methylated hexoses which were fractionated by 
cellulose column chromatography. Pure 2,3,4,6-tetra-U-methyl-D-glucose and 3,4,- 
di-0-methyl-D-mannose were isolated, but the tri-U-methyl fraction, which was 
equivalent to 26% of the tetra-O-methyl fraction on a molar basis, was a mixture. 
This mixture was converted into methyl glycosides and trimethylsilyl (t.m.s.) ethers 
of the methyl glycosides. The g.1.c. retention times of the ethers corresponded to 
those of derivatives of 3,4,6- and 2,3,4-tri-O-methyl-D-mannose16, in an approxi- 
mate ratio of 1:0.71. A g.1.c. analysis of the t.m.s. derivativesI of the tetra-U- 
methyl-D-hexose fraction showed that it contained 20% of 2,3,4,6-tetra-O-methyl-D- 
mannose. These observations are consistent with the formation of glycerol only by 
acid hydrolysis of the polyalcohol obtained from the D-gluco-D-mannan by successive 
treatments with sodium periodate and sodium borohydride. 

Partial acetolysis ’ 3 of the D-gluco-D-mannan followed by deacetylation and 
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cellulose-column chromatography gave di- and tri-saccharide fractions in 25% and 
11% yields, respectively. These were characterized as 2-O-ar-D-glucopyranosyl-D- 
mannose and O-a-D-glucopyranosyl-(1~2)-O-c+D-mannopyranosyl-(1~2)-D-man- 
nose, respectively, as follows. The disaccharide gave glucose and mannose on 
hydrolysis and the alditol formed on sodium borohydride reduction was hydrolyzed 
to a glucose and a hexitol. The disaccharide was inert to lead tetraacetate14 and is 
therefore 2-O-D-glucopyranosyl-D-mannose. The configuration of the glycosidic 
linkage was found to be a-D since the m]o of 2-O-D-glucopyranosyl-D-mannose 
minus the m]o of 2-U-a-D-mannopyranosyl-D-mannose 3 is -I- 12,500”, close to the 
difference (+ 15,200”) of [MJ, values of methyl cr-D-ghrcopyranoside’ 7 and methyl 
a-D-mannopyranoside . I8 Furthermore the H-l p.m.r. signals of the glucopyranosyl 
residue of the disaccharide has J 3.5 Hz, corresponding to an 01 configuration. The 
trisaccharide gave, on hydrolysis, a mannose and a smalfer amount of a glucose. The 
hydrolysis product from the sodium borohydride-reduced trisaccharide contained 
glucose and mannose in approximately equal amounts, as shown by paper chromato- 
graphy by using the p-anisidine hydrochloride spray. The trisaccharide contains a 
reducing end-unit of 2-O-linked mannose, consistent with its stability to lead tetra- 
acctate14. Methylation-fragmentation analysis of the trisaccharide after reduction 
with sodium borohydride gave O-methyl derivatives which, by g.1.c. analysis of their 
methyl glycosides and corresponding t.m.s. derivatives were shown to be 2,3,4,6- 
tetra-O-methyl-D-glucose and 3,4,6-tri-O-methyl-D-mannose. These data, combined 
with the strong positive specific rotation (+S6’) of the trisaccharide fraction, show 
that it is predominantly O-a-D-glucopyranosyI-(l+2)-O-a-D-mannopyranosy1-(1+2)- 
D-mannose. 

The above methylation-fragmentation and partial acetolysis data are consistent 
with an a-(1 *6)-D-mannopyranose main-chain substituted in most of the 2-positions 
by single-unit cY-D-&ICOpyranOSyl side-chains (3) with smaller amounts of manno- 
pyranosyl (5) and O-a-D-glucopyranosy1-(l+2)-U-cc-o-mannopyranosy1 (4)* side- 
chains. 

The mannan main chain might also contain (142) linkages, but this possibility 
was eliminated by preparation of a (l-@-linked a-D-mannan main chain. Attempts 
to remove the side chains of the D-gluco-D-mannan by partial acid hydrolysis or with 
a-D-ghrcosidases were unsuccessful so that another degradative method had to be used. 
Since Haworth, Jackson, and Smithrg hydrolyzed the a and j? anomers of methyl 
3,6-anhydro-D-galactopyranoside to 3,6-anhydro-D-galactose with 0.1&r sulfuric acid 
at room temperature, the side-chain units (6 and 8) of the D-gluco-D-mannan might 
be easily hydrolyzed if they were converted into 3,6anhydro-derivatives. Accordingly, 
a 5-step process with the first 4 steps analogous to those described by IngIe and 
WhistlerZ” for conversion of amylose into 3,6-anhydroamylose was used_ This in- 
volves successive (I) tritylation, (2) acetylation, (3) detritylation by using HBr, (4) 

*A side chain with this structure, but with an additional (I+2)-linked cr-o-mamxopyranose unit, may 
be present. 
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p-toluenesulfonation to give the 6-O-p-tolylsulfonyl acetate, and (5) formation of the 
3,6-anhydro derivatives (7,9) by treatment with alkali”. (For the sake of simplicity 
the degradation of the mannopyranose side-chain is not included in Fig. 2.) The 
conditions required for hydrolysis of the 3,6-anhydrohexose units were much more 
vigorous than those used by Haworth and co-workerslg, as preparation of the mannan 
main chain (IO) required 0.33hr sulfiuric acid at 100”. The polymeric products were 
separated from 3,6-anhydro-D-glucose and 3,6-anhydro-D-mannose by precipitation 
with ethanol, and their p.m.r. spectra and yields following hydrolysis for 1 h and 5 h 
are presented in Fig. 1. After degradation for 1 h there was only a relatively small H-l 
signal at 7 4.54, corresponding to (l-,6)-linked a-D-mannopyranose residues3 
(Spectrum C), present, but after degradation for 5 h it was the predominant signal 
(Spectrum D). The origin of the T 4.54 signal was confirmed by addition of sodium 
borate, which resulted in a downfield shift’ of 10 Hz. The presence of a small signaI 
(20% of the total) at z 4.34 is probably due to the presence of some 3,6-anhydro-D- 
glucose residues, which were detected by paper chromatography following acid 
hydrolysis. 

CONCLUSIONS 

The L-rhamno-D-mannan of C. dmi and D-&co-D-mannan of C. btunnea 
contain a-(1 3 6)-D-mannopyranose main-chains, in common with the majority of 
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yeast D-mannans3~6*7*21 and D-galacto-D-mannans ’ S3* ’ that have been investigated. 

Other yeast mannans contain main-chains having either alternating (l-+3)- and 
(1+4j-linked /?-D-mannopyranose residue22 or “block type” structures having 
or-(1 +3)- and (1 +)-linked D-mannopyranose units*. Heteropolymers of the 
L-arabino-D-xylo-D-mannan or L-methylpentosyl-D-mannan’ type contain a-(1+3)- 
linked D-mannopyranose main-chains. 

L-Rho,o 
I 

i 

a-L-Rhclp L-Rho/’ 

i ’ 
i 

2 

-a-D-Monp-(I*61- -a-o-Monp-(l-rG)- 

a-Q-Gp 
I 

: 
a-o-Gp a-O-Monp 

g 3 I 4 

4! 
-a-o-Manp-(P6)- -o-o-Manp-(l-6)- 

o-Manp 

I 

a 
5 

-a-o-Manp-(I-t6)- 

Chart 1. 

The side chains of the L-rhanmo-D-mannan and D-gluco-D-mannan differ from 
those of yeast polysaccharides. 

EXPEFUMENTAL. 

General. - P.m.r. spectra were obtained from 20% solutions of polysaccharides 
in D20 at 70” with a IO0 MHz Varian spectrometer. The chemical shifts are expressed 
as ‘c values, based on an external standard of tetramethylsilane. 

Cultures of Ceratocysiis spp. were obtained from the Centraalbureau voor 
Schimmelcultures (CBS), Baarn, The Netherlands. Cultural methods for producing 
cells, the methods of isolation of purified polysaccharides from cells, and their 
hydrolysis are simiIar to those described by Gorin and Spencer’. 

To test for possible heterogeneity of the C. ulmi L-rhamno-D-mannan and 
C. brunnea D-gIuco-D-mannan, the polysaccharides were sedimented at concentra- 
tions of O.IS%, 0.30%, and 0.45% in 0.5% aqueous sodium chloride at 59,000 r.p.m. 
Both poIysaccharides gave single peaks. 
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Paper chromatography was carried out with 40:11:19 (v/v/v) butyl alcohol- 
ethanol-water as solvent and p-anisidine hydrochloride and/or ammoniacal silver 
nitrate sprays when appropriate. 

Isolation and estimation of L-rhamnose and D-mannose in the L-rhamno-o- 
mannan of C. ulmi. - The L-rhamno-D-manna& [a];’ - 10” (c 0.5, water), was 
hydrolyzed (M sulfuric acid for 18 h at 100°) and the resulting mixture chromato- 
graphed on a cellulose column with 9:l (v/v) butyl alcohol-water as eluant. a-~- 
Rhamnose, m.p. and mixed m.p. 126-127” (from ethanol-ethyl acetate) and [a]g’ 
- 3(2 min) + + 9” (c 0.7, water; equil.) was isolated initially, followed by D-mannose, 
m-p. and mixed m.p. 131” (from ethanol) and [a]:’ + 14” (c 0.4, water; equil.). 
Comparison of the areas of the H-l and C-CH, signals in the p.m.r. spectrum of the 
L-rhamno-D-mannan (at r 4.28-4.81 and f 8.13 and z 8.20, respectively) showed that 
rhamnosyl and mannosyl residues are present in the molar ratio 57~43. 

Partialand complete Smith degradations of the L-rhamno-D-mannan of C. ti. - 
Based on a 57:43 ratio of rhamnose to mannose residues in the L-rhamno-D-mannan, 
it consumed 0.91,0.92 and 0.92, mole of sodium periodate per mole of aldose residue 
with concomitant production of O-39,0.42, and 0.43 mole/mole of acid after 1,2, and 
3 days, respectively. The L-rhamno-D-mannan (0.50 g) was oxidized by sodium 
periodate and the resulting “polyaldehyde” successively reduced with sodium boro- 
hydride to a polyalcohol(O.30 g) and partially hydrolyzed to a mannan by the condi- 
tions described previously4. The mannan had [a];’ f73” (c 0.5, water), gave mannose 
only (paper chromatogram) on hydrolysis, and consumed 1.83 moles of sodium 
periodate per mole of mannose unit after 2 days with production of 0.83 mole/mole 
of acid. Its H-l p.m.r. spectrum in D20 contained a single signal at 7 4.57 (at 70”)3, 
which was shifted downfield by 10 Hz on addition of sodium bora&. 

Complete hydrolysis of the polyalcohol (M sulfuric acid for 18 h at 100°) gave 
mannose and Cdeoxy-L-erythritol (paper chromatogram), the latter almost cochro- 
matographing with glycerol. These components were resolved by g.l.c., as acetates, 
by using an 8 ft x l/4 in. outside diameter copper tube packed with 2% LAC-1-R 296 
on Chromosorb W at 180” with helium (40 Ib.inB2) as carrier gas. The g.1.c. unit was 
of conventional design with thermal-conductivity detectors. Peaks were obtained 
corresponding to the acetates of 4-deoxy-L-erythritol [retention time (r-t.) 21.5 min] 
and a barely detectable amount of glycerol (r.t. 7.2 min). 

MethyIation-fragmentation analysis of rhamnomannan from C. ulmi. - The 
L-rhamno-D-mannan (1.0 g) was partially methylated by the Haworth procedurez3 
and the product completely methylated by the Kuhn method24. The fully methylated 
product (0.82 g), 0.8% solutionSin dry chloroform, showed no i-r. absorption for 
hydroxyl groups at ca. 3600 cm-’ (path Ien- 5 mm). A portion of the product 
(0.50 g) was successively cleaved with refluxing 5% methanolic hydrogen chloride and 
3~ sulfuric acid for 18 h at 100”. The free U-methylhexoses were fractionated on a 
cellulose column. 1000:50:1 (v/v/v) Benzene-ethanol-water eluted 2,3,4_tM%methyl- 
L-rhamnose (56 mg), [alp f21” (c 0.5, water), which was characterized as its N- 
phenylglycosylamine derivative2 ‘, which had (from n-hexane) m.p. and mixed m.p. 

Carbohyd. Res., 13 (1970) 339-349 





RHAhfNOMANNAN AND GLUCOMANNAN FROM Ceralocysti& 347 

1OOOz50: 1 (v/v/v) Benzene-ethanol-water eluted a tetra-O-methyl-D-hexose fraction 
(165 mg), from which 2,3,4,6-tetra-U-methyl-D-glucose” was isolated, having m.p. 
and mixed m.p. 90-92’ (from n-hexane) and [& -1-80’ (c 0.3, water; equil.). G.1.c. 
of the t.m.s. derivatives’6 of the fraction showed that 2,3,4,6-tetra-O-methyl deriva- 
tives of D-glucose and D-mannose were present in an approximately 4:l molar ratio. 
A tri-O-methyl-D-hexose fraction (40 mg) was obtained on elution with 500:50:1 
(v/v/v) benzene-ethanol-water and a portion of this was converted into methyl 
glycosides. G.1.c. of these and their t.m.s. ethers16 showed that the 2,3,4- and 3,4,6- 
tri-O-methyl derivatives of methyl c%,j?-D-mannopyranosides were present in an 
approximately 7.1~10 molar ratio. Elution of the column with 250:50:1 (v/v/v) 
benzene-ethanol-water gave 3,Pdi-O-methyl-E-D-mannose (140 mg), which had 
m.p. and mixed m.p. lOI-1O2”28 (from ethyl acetate) and [ctJ”d + 15 (2 min) --f -1-4” 
(c 0.4, water; equil.). 

Partial acetolysis of tlze D-glzico-D-mannan of C. brunnea. - The D-gluco-D- 
mannan (2.0 g) was partially acetolyzed26 and following deacetylation of the mixed 
acetates, the free sugars were chromatographed on a cellulose column. 9:l (v/v) 
Butyl alcohol-water eluted mannose (210 mg) and 7:l (v/v) acetone-water eluted a 
disaccharide (0.50 g) having a paper chromatographic rate, relative to lactose (&,J 
of 1.7. It has [a]26 t77” (c 0.6, water) and gave glucose and mannose on hydrolysis. 
It consumed 0.05,0.07, and 0.10 mole/mole of lead tetraacetate after 2,5 and 15 min, 
respectively, corresponding to a 2-U-linked disaccharide14. The alditol obtained 
after sodium borohydride reduction had [c&s + 60” (c 0.3, water) and gave a glucose 
and a hexitol on hydrolysis. 

Another disaccharide fraction (65 mg) having R,, 1.3 was obtained, but its 
p.m.r. spectrum in D,O showed that it was a complex mixture. 

A trisaccharide (225 mg) having RU,, 0.3 and [a]~’ f86” (c 0.6, water) was 
eluted with 4: 1 (v/v) acetone-water. It gave mannose and a smaller quantity of glucose 
on hydrolysis (paper chromatogram) and it consumed 0.03,0.05, and 0.13 mole/mole 
of lead tetraacetate after 2,5, and 15 min, respectively, corresponding to a 2-O-linked 
reducing-unit. The alditol, produced by sodium borohydride reduction, was hydrol- 
yzed giving apparently equal amounts of glucose and mannose together with a hexitol 
(paper chromatogram). The alditol was methylated by the Kuhn procedurez4 and 
converted into methyl O-methyl-a&D-hexopyranosides and an O-methyl-D-mannitol. 
G.1.c. analyses of the product and its t.m.s. derivativesI showed the presence of the 
methyl glycosides of 2,3,4,6-tetra-O-methyl-D-glucose and 3,4,6-tri-O-methyI-D- 
mannose. 

boiation of the D-mannan main-clzain of the D-gluco-D-mannan of C. brunnea 
via the 3,6-anhydro-derivative. - The D-gluco-D-mannan (2.0 g) was converted 
successively into the trityl derivative (2.95 g), the trityl acetate (3.43 g), and acetate 
(1.59 g) following detritylation, and a g-tolylsulfonyl acetate (1.82 g; S, 4.65%) by 
p-toluenesulfonation, according to the method summarized by Ingle and Whistler”. 
Part of the p-tolylsulfonyl acetate (0.83 g) in chloroform (20 ml) was treated with 
0.1~ methanolic sodium methoxide (10 ml) for 2 h. The resulting suspension was 
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evaporated and the residue shaken with potassium hydroxide (0.4 g) in water (20 ml). 
After 1 h the suspension dissolved and, after a further 4 h at room temperature, the 
solution was heated for 1 h at 80”. It was then deionized with Amberlite IR-120 
(H+ form) and Dowex-1 X8 (hydrogen carbonate form), filtered and evaporated to a 
small volume. Excess acetone was added and the resulting precipitate of 3,6-anhydro- 
derivative (0.32 g) was isolated. Hydrolysis gave mannose and 3,6-anhydro-D-glucose 

W~hrnnnose 1.2 on a paper chromatogram) and traces of glucose and 3,6-anhydro-D- 
mannose (RRlummose l-O), which were detected as yellow spots with the p-anisidine 
hydrochloride spray. 

In order to remove the side chains from the 3,6-anhydro-polysaccharide, 
portions (100 mg) were treated with 0.33M sulfuric acid (2 ml) for 1 h and 5 h at 100”. 
The hydrolyzates were deionized and polysaccharide was separated from 3,6-anhydro- 
D-mannose and 3,6-anhydro-D-glucose by ethanol precipitation. Yields after 1 h and 
5 h runs: 40 mg and 33 mg, respectively. The p.m.r. spectra of these products are 
recorded in Fig. 1. The product, after hydrolysis for 5 h, had a main signal at z 4.54, 
which was shifted downfield by 10 Hz on addition of sodium borate. Complete 
hydrolysis of the polysaccharide gave mannose and a trace of 3,6-anhydro-n-glucose. 

Attempted partial enzymic and acid cleavages of the D-gluco-D-mannan of 

C. brunnea. - Solutions (I %) of D-gluco-D-mannan were treated at 25” with suitable 
amounts of enzyme preparations in order to remove /?-D-glucopyranosyl side-chains. 
No glucose was formed by using crude a-amylase (Worthington Corp.), Rhozyme 
HP 150 hemicellulase (Rohm and Hass Co.), and cc-D_glucosidase from Saccha- 

romyces fragiiis PRL 324, Macerozyme pectinase from a Rhizopus sp. and Pancellase, 
a crude cellulase from Trichoderma viride (both from All Japan Biochemicals Ltd.), 
Small amounts of glucose were formed by using Onozuka cellulase SS (a cruder form 
of Pancellase), an active dextranase from a Penicillium sp. (Worthington Corp.) and 
Meiselase P cellulase from T. viride (Meiji Seika Kaisha Ltd.). However, in the last 3 
cases residual D-gluco-D-mannan was obtained, even after prolonged incubation over 
several days. 

The D-gluco-D-mannan, as a 5% solution in 0.33M sulfuric acid was heated for 
3 days at 100”. At intervals during this period aliquots were abstracted and residual 
polysaccharide obtained following precipitation by excess ethanol. On hydrolysis each 
polysaccharide preparation gave glucose and mannose. 
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Al3sTRAc-r 

The “non-bonded” interaction energies have been computed for cyclohexa- 
amylose, cycloheptaamylose, and cyclooctaamylose. From hydrogen-bond criteria 
the conformation having an angle of 119” at the bridge oxygen atom is preferred 
for cyclohexaamylose. It is also shown that cycloamyloses having fewer than six 

D-glucose residues could not be cyclized because of steric overlaps. Out of three 
possible cyclic compounds, cyclohexaamylose has de lowest energy. Cyclohexa-, 
-hepta-, and -octa-amyloses are stabilized by the formation of intramolecular hydrogen 
bonds between contiguous o-glucose residues. These intramolecular hydrogen bonds 
are stronger in the hepta- and octa-amyloses than in the hexaamylose. 

INTRODUCTION 

The cycloamyloses (Schardinger dextrins) are a group of homologous oligo- 
saccharides, produced originally by the cultivation of Bacilltrs maceram on starch 
solutions. These crystalline dextrins are produced from starches in high yield through 
the use of bacteria-free, enzyme-containing filtrates of B. maceram. In the early 
stages of reaction, the or-dextrin is formed in maximum yield. After a few days, the 
@-dextrin preponderates. From chemical studies, Freudenberg et al. r, showed that 
the Schardinger dextrins are cyclic molecules consisting of D-glucose residues, 
connected by the a-D-(1+4) (maltose type) linkage. French and coworkers2p3 showed 
that the number of D-glucose residues in the Q, 8, and y dextrins is six, seven, and 
eight, respectively. French recommended the names cyclohexaamylose, cyclohepta- 
amylose, and cyclooctaamylose for these dextrins. 

While there is evidence for the existence of cycloamyloses having 9, 10, 11, 
and 12 residues4p5, cycloamyloses containing fewer than six D-glucose residues are 
not known to exisP. Of these cycloamyloses, the crystal structure of cyclohexa- 
amylose’ alone has been solved. X-ray structural analysis’ and n.m.r. studics8*g”o 
on cycloamylose have established that all of the D-glucose residues in these cyclic 

*Contribution No. 278 from the Centre of Advanced Study in Biophysics, University of Madras. 
!&d&5, zndk 
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molecules exist exclusively in the CI (D) conformation. The present paper describes 
an attempt to study theoretically the conformations of these molecules by using 
potential-energy calculations. This study incidentally throws some light on the 
question whether the failure of B. macerans to produce smaller rings may be a 
consequence of steric overlap or a reflection of enzyme specificity. 

CALCULATION OF PARAMEIERS FOR THE CYCLOAMYLOSES 

The coordinates of a D-glucose residue in the CI (D) conformation were obtained 
from the bond lengths and angles reported by Hybl et aL7 (Table I, set 1). In a 
helical amylose chain, the parameters characterizing the helix are: n, the number of 
residues per turn; and h, the unit translation parallel to the axis of the helix. The 
helical parameters were calculated 1 ’ for different values of the angle z at the bridge 

TABLE I 

BOND LENGTHS AND BOND ANGLES IN THE D-GLUCOPYRANOSE BING 

Bond Length (A) 

Ser Ia Set 26 

Bond angle Value (degrees) 

Set Ia Set 2* 

C-l-C-2 1.520 1.529 
c-2-c-3 1.526 1.534 
c-3-c-4 1.521 I.529 

C-4-C-5 1.544 1.539 
c-s-o-5 1.433 1.422 
c-1-0-5 1.427 1.419 
C-1-0-1 I.408 1.380 
c-2-o-2 1.430 1.422 
c-3-o-3 1.431 1.439 
c-4-o-4 1.428 1.417 
C-5-C-6 1.526 1.570 
C-6-O-6 1.398 1.420 

O-5-C-l-C-2 108.9 110.2 
c-1-c-2-C-3 109.6 108.8 
C-2-C-3-C-4 109.8 109.9 

c-3-C-4-c-5 110.2 109.5 
c-4-C-5-0-5 109.2 110.2 
C-5-0-5-C-l 113.5 113.6 
0-5-C-l-O-1 111.3 110.9 
O-l-C-1-C-2 107.2 109.4 
C-l-C-2-0-2 109.4 109.3 
O-2-C-2-C-3 112.2 111.9 
C-2-C-3-O-3 110.3 107.5 

o-3-c-3-c-4 108.0 107.9 
c-3-c-4-o-4 105.5 107.3 
o-3-c-4-C-5 108.2 109.2 
C-Q-c-5-C-6 110.1 111.9 
c-6-C-5-o-5 106.0 105.6 
C-5-C-6-O-6 111.3 109.5 

Set 1, data taken from Ref. 7. *Set 2, average values obtained from the data of Refs. 7, 13, and 14. 

oxygen atom, for a limited range of (4, JI), the dihedral angles of rotation about the 
glycosidic bonds C-l-O and O-C-4’, as in Fig. 1. phe notation (4, 4’) was used in 
the earlier papers ’ ID1 2 . In the present notation, 1cf = 4’ + 1800]. The position corre- 
sponding to ($,#) = (O”, 0“) was chosen as the one in which the C-l, 0, and 04 
atoms of the first residue and C-4’, 0, and O-l ’ atoms of the second residue are in 
a plane, and the bonds C-l-H-l and C-4’-H-4’ are cis to the bonds O-C% and 
C-1-0, respectively. Since the cyclic conformation is analogous to one turn of the 
helix, the dihedral angles (Z/J, I& corresponding to n = 6 and h = 0 were obtained. 
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Fig. 1. Perspective view of a pair of a-o-glucose residues joinerl through a (I-W%‘) linkage. The 
directions of rotations # and y are marked. When viewed from C-l towards 0, rotation of the 
primed (reducing) n-glucose residue as a whole in a clockwise direction about the C-1-O bond, 
with the unprimed (non-reducing) o-glucose residue being held stationary, gives an increase in the 
vahre of #. Similarly, when viewed from 0 towards C-4’, rotation of the primed o-glucose residue 
in the clockwise direction about the O-Cd’ bond, with the unprimed o-glucose unit being held 
stationary, gives an increase of the value p. 

These values are given in Table II. By using each set of (4, JI> between the adjacent 
residues, six D-glucose residues were generated, to form the cyclohexaamylose. For 
z = 119”, the dihedral angles (4, $) correspond to (- 1 l”, 9”). Since the X-ray 
crystal structure of cyclohexaamylose shows no variation of (4, $) between succes- 
sive residues, the change of (4, $I) at successive bridge oxygen-atoms was not con- 
sidered. The -CH20H groups in all of these residues were rotated about the C-5-C-6 
bond and kept at the position of minimum energy. The favorable orientation was 
found to be tram with respect to the C-4-C-5 bond. 

TABLE II 

CONFORhiATIONAL ANGLES (4, ?/J) FOR CYCLOHEXAAMYLOSE FOR DIFFERENT T, ANGLES 

Angle at the bridge oxygen atom 
(degrees) 

(6 Y) 
(degrees) 

110 (-27, 20) 
112 (-25, IS) 
116 (- 18, 14) 
118 (-15, IO) 
119 (-11, 9) 
121 (0, 0) 

The coordinates of the atoms of the D-glucose residues in cycloheptaamylose 
were also generated in the same way. However, n = 7 was found to be possible 
only for the value of T = 110”. Hence, the residues in the cycloheptaamylose were 
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generated with this value for the angle r and the corresponding (#, $) values, which 
are (- lo”, So) in this case. 

Even though it may be possible that cyclooctaamylose in solution exists in a 
dynamic state, in which various symmetrical or non-symmetrical conformers are 
rapidly interconvertible, an eight-fold symmetry is assumed for this molecule for 
the energy calculations. However, with the bond lengths and angles mentioned 
above, this assumption (that is, n = 8) proved to be inadmissible. Hence, the averages 
of the bond lengths and angles (Table I, Set 2) observed in various a sugars7*‘3*‘4 
were used to generate the cyclooctaamylose. As is seen in Table I, the two sets of 
parameters used differed slightly. When the angle T was made equal to IlO”, and 
(4, +) were given the values of - 10” and 7”, respectively, it was possible to generate 
the cyclooctaamylose. 

ENERGY CALCULATIONS 

The energy of “non-bonded” interactions were calculated by using the Kitai- 
gorodsky type of potential functions’ ? 

V(i,j) = 3.5(8600 e-132-O.O4/26) (1) 

where Z = Uij/Ug, vii being the distance between the interacting atoms i and j, and 
v,, is the equilibrium distance between them. The values of v,, used here were the 
same as described earlier1 ‘. 

The strain involved in deforming the angle C-O-C was estimated by using 
the expression: 

V(e) = AP (2) 

where A is the equivalent force-constant, the value of which was chosen as 79.5 kcal. 
mole- ’ (an average of several experimental reports)’ 6*1 ‘*I ‘, and 6 is the deviation 
of the angle (in radians) from the tetrahedral value. 

DISCUSSION OF THE CONFORMATIONS OF CYCLOAMYLOSES 

A. Cyclohexaamylose. - The energy of a residue in the cyclohexaamylose 
molecule as a function of the angle o is shown in Fig. 2. (If this energy is multiplied 
by the total number of residues in the cycloamylose, the energy of the molecule 
can be obtained). Curve 1 in Fig. 2 includes only the non-bonded energy and the 
bond-angle deformation-energy involved in changing the angle r. Curve 2 also 
includes the hydrogen-bond energy, as estimated from the curve of Lippincott and 
Schroeder’ ‘. It is seen from curve 1 that the energy curve has a broad minimum for 
values of z between 116 and 119”. It appears, therefore, that it is difficult to choose 
the proper value for the angle r from calculations of non-bonded energy alone. On 
the other hand, the hydrogen-bond search reveals that intramolecular hydrogen 
bonds of the O-2-.-O-3’ type between contiguous residues are possible for r = I18 
and 119”. In fact, the formation of such O-2.. -0-3’ types of hydrogen bond between 
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110 112 114 116 118 120 122 

- Angle at the bridge oxygen atom 

Fig. 2. Graphs plotted between the calculated energy (kcal.mole-l per residue) and the angle at the 
bridge oxygen atom for cyclohexaamylose. Curve 1 gives non-bonded interaction energy and bond- 
angle deformation energy; curve 2 gives the same plus hydrogen-bond energy. 

contiguous residues has been shown by n.m.r. studies”. In the conformation having 
r = 118”, the length of the hydrogen bond is only about 2.96 A, which is fairly 
weak compared with the hydrogen-bond length of 2.85 A obtained with o = 119”. 
In spite of the energy involved in increasing angle r by l”, it is found that there is 
a sharp minimum in curve 2 of Fig. 2 at 119”, when the hydrogen-bond energy is 
included. Therefore, the conformation having z = 119” is to be preferred for cyclo- 
hexaamylose. Interestingly, the angle C-O-C is found to be 119” in the crystal 
structure of cyclohexaamylose7. 

B. Relative stability of the cycloamyloses. - Fig. 3 shows the variation of 
potential energy with the number of D-glucose residues in the cycloamylose. In 
curve 1 of Fig. 3 are included the “non-bonded” energy and the bond-angle strain- 
energy involved in changing the angle r. Curve 2 includes the hydrogen-bond energy 
also. It is seen from this figure that cyclohexaamylose has the minimum energy, 
and the energy increases on either side. The increase in energy is drastic when the 
number of D-glucose residues is fewer than six. This is due to the fact that the diameter 
of a cycloamylose having five D-glucose residues or fewer cannot accommodate the 
-CH,OH group, which points approximately towards the interior. Hence, it appears 
that unfavorable steric interactions prohibit cyclization of cycloamyloses having 
fewer than six D-glucose residues. This conclusion confirms the earlier observations 
of French6. 

It is seen from Fig. 3 that the calculated “non-bonded” energies of cyclohepta- 
and cycloocta-amyloses are greater than that of cyclohexaamylose. This is because 
the distances between C-l and H-l, and C-4’ and H-4’, of adjacent residues fall 
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- No. of o-glucose residues in the 
cycloomy~ose 

Fig. 3. Relationship between the calculated energy (kcal.mole-1 per residue) and the number of 

D-ghCOSe residues in the cycIoamyloses. 

slightly short of the minimum limit permissible in cyclohepta- and cyclooctaamyloses. 
The energy difference between the cyclohexa-, -hepta-, and -octa-amyIoses is reduced, 
however, when the hydrogen-bond energy is also included (curve 2 of Fig. 3). Hence, 
these molecules are stabilized mainly by the formation of strong, intramoiecular, 
hydrogen-bonds of the 0-2...0-3’ type between contiguous residues. This hydrogen 
bond in cyclohepta- and cyclooctaamylose has a length of about 2.7 A, which 
indicates that it is stronger than that (2.85 A) of cyclohexaamylose. In fact, the mm-r. 
studies of Casu and coworkers lo have indicated that the foregoing type of hydrogen 
bond between contiguous residues is stronger in cycloheptaamylose than in cyclo- 
hexaamylose. Fig. 3 shows that cyclohexaamylose has higher stability than cyclo- 

Fig. 4. Perspective view of the proposed conformation of the cyclohexaamylose molecule (4 = - 11 O, 

v = 9”, and T = 119”). The O-2.-.0-3’ type of hydrogen-bond distances are marked. 
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hepta- or -octa-amylose. On the other hand, it has been stated from experimental 
studies6 that cycloheptaamylose is more stable than cyclohexa- or cycloocta-amylose. 
This disagreement between theory and experiment might be due to the fact that 
ideal models have been considered in the present energy calculations. In solution 
it might be possible that some puckering in the macro-ring might take place, to 
relieve unfavorable conflicts between atoms C-l and H-l, and C-4’ and H-4’, of the 
adjacent residues in cyclohepta- or -octa-amyloses. Such puckering might decrease the 
non-bonded energy and increase the stability of these molecules. The perspective 
views of the cycloamyloses are shown in Figs. 4, 5, and 6. 

Fig. 5. Perspective view of the proposed conformation of the cycloheptaamylose molecule (4 = - IO“, 
~JJ = 8”, and t = 110”. The 0-2...0-3’ type of hydrogen-bond distances are marked. 

Fig. 6. Perspective view of the proposed conformation of the cyclooctaamylose molecule (4 = - loo, 

Ip = 7” and t = 1 loo). The O-2’...0-3’ type of hydrogen-bond distances are marked. 
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The higher cycloamyloses having n = 9, 10, and so on, could be obtained 
only by decreasing de angle t. However, this decrease leads to serious steric conflicts 
between the C-l and H-l, and C-4’ and H-4’ atoms of adjacent residues. As mentioned 
above, it might be possible to relieve such unfavorable interactions by introducing 
distortions in the macro-ring. Hence, it is most likely that the higher cycloamyloses 
will exist in puckered forms in solution. 
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ABs-rRAcr 

The intrinsic viscosity at zero rate of shear was determined for several alginate 

samples ranging in weight-average molecular weight from about 1 x 10’ to 2.7 x 106. 
The measurements were carried out in aqueous salt solutions of various strengths. 
The intrinsic viscosity was found to be linear in the reciprocal square root of the 
ionic strength, and its value at infinite ionic strength could be obtained with good 
accuracy by extrapolation. An acid-soluble fraction of alginate had the same intrinsic 
viscosity in hydrogen form at pH 1 as in sodium form at infinite ionic strength. The 
exponent a in the Mark-Houwink equation decreased with increasing salt concentra- 
tion, but even at infinite ionic strength the value was very high (a = 0.84), suggesting 
that the discharged alginate molecule is very extended in water. Indications for a high 

degree of extension of uncharged alginate was also obtained from the high valqe 
(155 A) of the Kuhn statistical segment-length at infinite ionic strength. The separation 
between solvent effects and chain rigidity in causing the extension was found difficult 
for theoretical reasons, but it is argued that the main cause of the extension is a high 
degree of chain rigidity. A comparison with results for amylosic and cellulosic chain 
polymers revealed a close similarity with the latter. 

INTRODUCTION 

Alginic acid consists of linear chains of (l-4)-linked /3-D-mannuronic and 
a+guiuronic acid residues in various proportionsl. These residues are arranged in 
“blocks” of mannuronic or guluronic acid residues, which are linked by blocks in 
which the sequence of the two acid residues is predominantly alternating’-‘. Except 
for fractions that are much enriched in the blocks having the alternating sequence6v7, 
alginic acid is generally insoluble in water. Sodium alginate and most other alginates 
of monovalent metals are soluble in water and give solutions of high viscosity. 
Although alginate is manufactured mainly because of its ability to give highly viscous 
solutions, its hydrodynamic properties have not been extensively stndied. In a recent 
paper’, measurements of the intrinsic viscosity, molecuku weight, and radius of 
gyration of a series of alginate samples in 0.1~ aqueous salt solution were reported. 
At this salt concentration, alginate behaved like a very extended, flexible coil. 
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Whether “Lhe high degree of extension was due to mechanical inflexibility of the 
poiymer backbone, to electrostatic expansion caused by the charged groups, or to 
expansion caused by a high degree of interaction between the water and the polymer 
segments, could not be decided. The object of the present paper is to study the effect 
of the addition of inorganic salt upon the viscosity; and from these data to extrapolate 
to infinite ionic strength, in order to obtain information about the extension of the 
alginate molecule in an effectively uncharged state. For comparison, measurements of 
the intrinsic viscosity of alginate fractions that are soluble in their acidic, uncharged 
form6 are included. It will be shown that the “equivalent sphere“ hydrodynamic 
theory of Floryg fails to describe the hydrodynamic properties of alginate. This 
failure makes it difficult to account quantitatively for the expansion due to the solvent- 
segment interaction at infinite ionic strength and thus to obtain the “unperturbed” 
dimensions of alginate. However, by using only the data for the samples having the 
highest molecular weights, and by assuming that the “equivalent sphere” model in 
this case is applicable, some parameters describing the stiffness of the alginate chain 
can be caIculated. 

ExPERmENrAL 

The alginate was prepared’ from Luminaria digitata harvested at Tarva, August 
29, 1961. In order to obtain a sample of very high intrinsic viscosity ([VI = 55 dl/g in 
0.1~ sodium chloride), precautions had to be taken to avoid acid”, alkaline’ ‘, and 
oxidative-reductive’ ’ depolymerization during the different extraction periods. The 
ratio’ between mannuronic and guluronic acid residues in this alginate was 1.6. The 
alginate was degraded’ at pH 4 to give samples of different molecular weights. An 
acid-soluble alginate fraction was prepared by fractional precipitation at pH 1.4 of 
some slightly degraded alginate samples 6 from Ascophylum nodosum. The ratio 
between mannuronic and guluronic acid residues was 1.8. The sequence of the 
uranic acid residues in both the unfractionated4 and in the acid-soluble fraction’ 
has been investigated previously. 

Viscosity measurements were made at 20.0” in a Zimm-Crothers Model A, 
low-shear, rotating cylinder viscometer i 3. The average shear stress was approximately 
0.002 dyne/cm*. The viscosities obtained at this shear stress were, within experimental 
error, equal to the viscosities obtained by extrapoIation to zero shear-stress of data 
obtained in a capillary viscometer with varying hydrostatic pressure14. Intrinsic 
viscosities were obtained at all ionic strengths from “isoionic dilution” experiments. 
Of the counterions of sodium alginates, 60% were regarded as bound in ion-pairs to 
the alginateL5*16. The remainder were assumed to be free, and the amount of sodium 
chloride that was added to an alginate solution was calculated according to this 
assumption. By dilution with a sodium chloride solution of the appropriate ionic 
strength, the amount of free sodium ions was kept constant at all concentrations of 
alginate. All plots of log against the alginate concentration (c) were linear as 
before14, and [q] was found from the intercept. 
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RESULTS AND DISCUSSION 

Effect of ionic strength upon the intrinsic viscosity 
A general property of polyelectrolytes seems to be that the intrinsic viscosity is 

very nearly a linear function in the reciprocal of the square root of the ionic strength, 
over a rather wide range of ionic strengths ’ 7--2o. It is known that the viscosity of 
alginates depends strongly upon the ionic strength of the soluti~n~~, but its exact 
relationship to the ionic strength has not yet been established. 

The intrinsic viscosity of a sample of sodium alginate was determined at eight 
different concentrations of sodium chloride (Table I and Fig. la). An essentially 
linear plot of [q] against l/,/I (1 is the ionic strength in molar units) was obtained. 
Thus, it is possible to obtim, with good accuracy, the intrinsic viscosity at infinite 
ionic strength. Such extrapolations to in&rite ionic strength are widely used for 
characterizing the properties of polyelectrolytes18*20~z2 in an effectively uncharged 
state, since the screening of the tied charges on the polymer is thought to be so severe 
at infinite ionic strength that the mutual repulsion between them is essentially 
removed. The configurational properties should therefore become those of neutral 
polymer molecules. It is readily understood that remote, tied charges, which must be 
separated, at least partly, by salt solution, cannot interact at infinite ionic strength. It 
may be questionable, however, whether the interaction between the charged groups 

TABLE I 

DEPENDENCE UPON IONIC STRENGTH (0 OF THE IXIRINSIC VISCOSITY [7j] OF AN ALGINATE SAhIpLE HAVfNG 

iI&, = 6.5~10” 

Z 0.005 0.01 0.02 0.05 0.1 0.2 1.0 2.0 aD 
CtllW~ m&r) 29.5 22.0 18.7 14.5 13.0 12.0 10.2 9.5 9.0 

I I I I I I I 
0 5 

‘iv7 
10 15 0 & 10 

Fig. 1. Intrinsic viscosity of alginate as a function of the reciprocal of the square-root of the ionic 
strength. Curve 1, h& = 6.5 X 105. Curves 2-5, h& = 2.0 X 10s. Curves 1 and 3, sodium chloride. 
Curve 2, lithium chloride. Curve 4, potassium chloride. Curve 5, magnesium sulphate. 
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on adjacent monomer units is removed in this way. It was therefore considered of 
interest to compare the intrinsic viscosities of alginates “neutralized” in different 
ways. 

Studies of equilibrium dialysis’ 5 and potentiometric titration16 showed that 
magnesium ions were bound more strongly to alginate than were monovalent ions. 
A comparison of the viscosity after addition of different salts of monovalent cations 
and of magnesium ions was therefore made, and the result is shown in Fig. lb. At 
low salt concentrations, the intrinsic viscosity is markedly lower with magnesium 
sulfate present than with salts of monovalent cations. The difference between the 
three alkali metal salts is small but significant, with lithium chloride giving the highest 
and potassium chloride the lowest viscosity. In the range of ionic strengths shown, all 
of the salts gave a linear dependence in l/,/I, and the curves tended to give very 
nearly the same intrinsic viscosity at infinite ionic strength. Since magnesium ions 
most probably form ion-pairs with the carboxyl groups of alginate to a much higher 
extent than do the alkali-metal ions, these results suggest that the viscosity at infinite 
ionic strength, based upon the results with sodium chloride, is representative of the 
uncharged alginate molecule. 

More conclusive evidence was sought by comparing the viscosity of an acid- 
soluble alginate fraction’ in acid and sodium form. Preliminary experiments with this 
fraction showed that, in solutions of ionic strength 0.1, the intrinsic viscosity was 
independent of pH between 10 and 4.6. Between pH 4.6 and pH 2.0, the intrinsic 
viscosity decreased continuously. No further decrease occurred down to pH 1.0. At 
this pH, the ionic strength could be increased up to hi without affecting the viscosity. 
The alginate should therefore be fully discharged at pH 1, which is in accordance with 
the known dissociation constants of alginatesl, and this pH was chosen for com- 
patison with sodium alginate. The result is shown in Table II, where the intrinsic 
viscosity at I = 0.01, 0.1, and 1.0 is given, together with the result from a linear 
extrapolation to infinite ionic strength. The intrinsic viscosity at infinite ionic strength 
is seen to differ insignificantly from that determined in 0.1&r hydrochloric acid. 

TABLE II 

COMPARISON OF THE INTRINSIC VISCOSITIES OF ACID-SOLUBLE ALGINATE FRACrIONS IN THEIR SODXUhf AND 

HYDROGEN FORMS 

Sodium alginate AIginic acid 

Ionic strength (1) 
First fractiona 
Second fraction= 

0.01 0.1 1.0 o.lh¶ HCI 
11.1 6.3 4.85 44; 4.15 

7.0 4.5 3.8 3.35 3.5 

Wee text, pp. 4 and 5. 

It was observed that the intrinsic viscosity in 0.W hydrochloric acid decreased 
when the solutions were stored at room temperature. After two days, the solution 
could be separated, by centrifugation at 28,OOOg, into a dilute and a concentrated 
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phase. The dilute phase contained 60% of the alginate. This fraction (second fraction) 
was neutralized with sodium hydroxide, precipitated, and dried in the usual way’. 
Again, comparison of the viscosity of the sodium form at infinite ionic strength wi’th 
that of the acid form revealed no significant difference, as seen in Table II. 

The extrapolation to ink&e ionic strength of data obtained with sodium 
chloride therefore seems to be a valid procedure for obtaining the intrinsic viscosity 
of the uncharged alginate molecule. 

Dependence of the intrinsic viscosity upon molecular weight 
Ten samples of alginate having different molecular weights were prepared by 

partial acid-degradation. The relationship between intrinsic viscosity in 0.1~ sodium 
chloride and weight-average molecular weight of these samples was reported’ to be 

[q-j = 2.0 x 10-5 x &z;e 0) 

where [q] is expressed in 100 ml/g_ The intrinsic viscosity in 0.01, 0.1, and M sodium 
chloride was determined for each sample, and the results, together with the molecular 
weights calculated from equation (1), are shown in Table III. Plots of the intrinsic 
viscosity against l/d1 gave, in each case, linear curves having well-defined intercepts. 
The slopes of the curves depended very much upon the molecular weight and in- 
creased with it in proportion to its (i.36)th power. The graphical representation of 
these results, together with results obtained with other polyelectrolytes, will be 
published later. In Table III, only the values of the intrinsic viscosities obtained from 
the linear extrapolations to infinite ionic strength are given. 

TABLE III 

DEPENDENCE UPON IONIC STRENGTH OF THE INTRINSIC VISCOSITY OF ALGINATE SAhfPLES OF DIFFEFU5NT 

hfOLECULAR WEIGHTS 

b&x 10-S I~10.01 MO.1 Ml.0 l?&o 

27.0 120 55 36 24.5 
16.5 67 33 23 18.5 
15.5 58 31 21 16.2 
9.7 38.1 19.5 15.0 12.5 
6.5 22.0 13.0 10.2 9.0 
4.7 16.0 9.4 7.9 6.9 
2.95 9.2 5.9 5.2 4.7 
2.48 7.15 4.95 4.35 3.95 
1.44 4.0 2.88 2.50 2.35 
1.12 3.05 2.25 1.95 1.85 

One important feature of the data in Table III is that the intrinsic viscosity at 
a given molecular weight is very high, even at infinite ionic strength. This may be seen 
clearly by comparing the present results with the intrinsic viscosity of native DNA. 
From a plot 23 of intrinsic viscosity against molecular weight for DNA, it is seen that 
an average value of the intrinsic viscosity (in 0.2M salt solution) of DNA of molecular 
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weight 2.7 x IO6 is 21, whereas alginate of this molecular weight has [q] = 24.5 at 
infinite ionic strength. It is rather astonishing that alginate has as high an intrinsic 
viscosity as a stiff 24 double helix of the same molecular weight. The stiffness of the 
chains cannot, however, be directly compared in this way, since the mass per unit 
chain-length is different in the two substances, and is much higher for the double- 
stranded DNA than for alginate. 

The most common way of expressing and comparing viscosimetric results is by 
means of the well-known Mark-Houwink equation (the modified Staudinger equation) 

[q-J = KMa (2) 

The double logarithmic plot of [q] versus M required for obtaining the indices K and 
a is shown in Fig. 2. The straight lines drawn in the figures follow the equations given 
in Table IV. The data for ionic strength of 1.0 and infinity are seen from Fig. 2 to 
deviate somewhat from straight lines. Such curvature has previously been observed 
for DNA molecules2 3, and it has been explained theoretically by the hydrodynamic 
theory for worm-like, chain moIecules2’. For the present purpose, the effect seems 
too small to justify any detailed discussion in terms of such a model, and the fully 
drawn, straight lines will, in most cases, form the basis for the theoretical inter- 

pretations. The value of the exponent (a) is seen to decrease with increasing ionic 
strength. The decrease is not very marked, however, and even at infinite ionic strength, 
a is much higher than OS, the value common to Gaussian coils in 0-solventsg. 
According to all hydrod,ynamic theories, the high a-value found at infinite ionic 
strength must indicate that the uncharged alginate moiecule is very extended in 
aqueous solution. The high degree of extension previously found8 in 0.1~ sodium 
chloride cannot, therefore, be due solely to high electrostatic expansion caused by the 
ionized carboxyl groups. The relative importance of charge effects in determining the 
extension of the molecules may be estimated by using a viscosity theory for calculating 
the molecular dimensions. 

TABLE IV 
MARK-H• EQUATIONS AT DIFFERENT IONIC STRENGTHS 

I = 0.01 [T,I] = 4.8 x 10-6.M&15 
I= 0.1 [q] = 2.0x IO-5.MJ-0 
z= 1.0 [7)] = 0.91 x 10-4_M,O-87 

I=cO [q] = 1.2 x 10-4.M,O.S4 

Calculation of molecular dimensions 
The well-known “equivaIent sphere” model of F10ry~~*~ is widely used for 

calculating moIecular dimensions for flexible chain molecules. The relevant equation 
is 

(3) 
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Fig. 2. Mark-Houwink plot for aIginate at different ionic strengths. Curve 1, I = 0.01. Curve 2, 
I = 0.1. Curve 3, I = 1.0. Curve 4, I = co. 

Fig. 3. Stockmayer-Fixman-Burchard plot for alginate at different ionic strengths. The curves are 
numbered as in Fig. 2. 

where @ is the Flory viscosity constant and 7 is the mean-square end-to-end 
distance. The constant, @, is found experimentally to have a typical value of 2.0 x 10’ 1 
for synthetic, flexible, neutral polymers in good solvents2’. The theoretical value’* 
of 2.86 x lo2 ’ obtained by the Kirkwood and Riseman theory for Gaussian molecules 
having Iarge hydrodynamic interactions (non-drained molecules) is found to agree 
well with experiments in poor solvents”. Recent experimentation seems to indicate 
that the values of Q, do not always fall within this range for polymers that are very 
extended in soIution17~22~zg~30, and lower values are then usually obtained. Whether 
the extension in question is due to chain rigidity, goodness of the solvent, or to 
polyelectrolyte effects is not of critical importance. BloomEeld and Zimm3’ have 
incorporated all. of these three effects into a single parameter E, which, in their theory 
for non-drained molecules, is related to the exponent a in the Mark-Houwink 
equation by the relation 

a _ @a--1) 
3 

(4) 
c.- 

They calculated Cp as a function in E and found it to decrease from 2.81 x lot1 for 
E =o to 0.686x10 21 for E = 0.5, and tabulated Q(E) for diKerent e-values. 
This theory has been used for calculating molecular dimensions of native DNA 
samples lg having very high molecular-weight. An extension of the same theory has 
also been used with success for estimation of chain rigidity of some vinyl polymers32. 
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From the values of Q given in Table III, the corresponding values of CJ (e) were 
found to be 1.50, 1.43, 1.13, and 0.82 (x IO”) for alginate in sohrtion of ionic 
strength co, 1.0, 0.1, and 0.01, respectively. 

In Table V, the root-mean-square (r.m.s.) end-to-end distances are given for 
the sample of highest molecular weight. The calcnlarion is made with @ = 2.86 x 10’ i, 
2.0 x IO* i, and G(s) as given above. In the Table, the Kuhn33*34 statistical segment 

length, A,, is also calculated from the relation 

(7)‘/2 = (A, b,P)“2 (9 

where b0 is the length of a monomer unit and P is the degree of polymerization. The 
A,-values were obtained by using 198 as the weight and 5.15 A as the length of a 
monomer unit3 5, and 2.7 x lo6 as the molecular weight of the polymer chain. 

TABLE V 

ROOT-MEAN-SQUARE END-TO-END DISTANCE, (3’12, AND KUHN STATISTICAL SEGMENT LENGTH, Am, FOR 

AN ALGINATE HAVING Mu, = 2.7 X lo6 

Ionic srrengfh (I) (r2)1/2 (A), assaming @ equal to A, (A), assuming @ equal fo 

2.86 x IO= 2.0 x IO21 @(e) 2.86 x IO”1 2.0 x 102’ Q(e) 

2900 3200 3300 120 145 1.55 
1.0 3200 3600 4000 145 190 230 
0.1= 3700 4300 5200 205 265 390 
0.01 4900 5600 7500 350 455 825 

aLight-scattering result for Z = 0.1, (?$,1~2 = 5100 A, Am = 350 A. 

By means of the previously determined radii of gyration for alginate in 0.1~ 
sodium chloride’, it is possible to test the validity of the dimensions calculated from 
intrinsic viscosity data at this salt concentration. The relationship between the z- 
average radius-of-gyration and the weight-average molecular weight obtained by 
light scattering was 

(Re)=(& = 0.95 x Mts4 (MD > 65.000) (6) 

A comparison of calculated and obtained dimensions is somewhat complicated by 
the fact that the alginate samples were polydisperse \vith respect to the molecular 
weight, the ratio* of the weight- to number-average molecular weight being 3.0. 
Information about the exact molecular weight distribution is lacking, but there is no 
reason to believe that the molecular weight distribution is not unimodal, and use was 
therefore made of the Schulz-Zimm relationship 36*37 for molecular weight distribu- 
tion for converting the values for the z-average radius-of-gyration into weight 
averages. By the aid of the relationship9 

(7)W = (j1f2R G 
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the weight-average r.m.s. end-to-end distance and the statistical segment length, A,, 
were calculated for the sample of highest molecular weight, with the result shown in 
Table V. It is seen that the light-scattering dimensions agree rather closely with those 
obtained by the Bloomfield-Zimm viscosity theory. In spite of the somewhat arbitrary 
way used to account for the polydispersity, it seems safe to conclude that the Bloom- 
field-Zimm theory gives the most correct molecular dimensions. This does not mean 
that the assumption of non-drainage is necessarily correct. If the comparison between 
dimensions obtained from light scattering and from viscosity measurements had been 
performed for a sample of very low molecular weight, even the Bloomfield-Zimm 
viscosity theory would have yielded molecular dimensions that are too low. As 
discussed later, this will be taken as evidence for the existence of partial free-drainage 
of alginate in 0.1~ sodium chloride. With the Bloomfield-Zimm viscosity theory, the 
length of the Kuhn statistical segment decreases by a factor of more than 5 as the 
ioaic strength increases from 0.01 to infinity, but even at infinite ionic strength, the 
value 155 L% is high compared with common values for vinyl polymers (e.g., A, = 
19 A for polyvinyl alcohol in water34) and also high compared with amylose in 
aqueous potassium chloride 38P3g(Am = 22 A). The value is within the range reported 
for carboxymethylcellulose at infinite ionic strength [A, = 335 A (Ref. 40) and 
A, = 110 fL (Ref. 2211. Only for substances known to be extremely inflexible have 
higher values been reported (e.g., A, = 176 and 332 li for two samples of cellulose 
trinitrate in acetonezg, and A, = 540 ?L for native DNA in 0.2M sodium chloride”). 
The result therefore strengthens the earlier conclusion that the uncharged alginate 
molecule has a very extended form in aqueous solution. 

Determination of unperturbed dimensions 
Having concluded, with a rather high degree of certainty, that the uncharged 

alginate molecult is very extended in aqueous solution, a much more difficult task 
remains, namely, to understand, at the molecular level, the reasons for this stiffness_ 
The rigidity of a chain molecule is a function of the bond lengths, the bond angles, 
and the hindered rotation of the monomer units. The r.m.s. end-to-end distance may 
be calculated for the situation where all monomers are allowed to rotate freely 
around the fixed bond anglesg, and this type of calculation generally shows that the 
dimensions of polysaccharides are large compared with vinyl polymers2 la4 ‘, because 
of the size and inflexibility of the monomeric unit. The ob&rved dimensions are 
always larger than those corresponding to free rotation, which may be due in part 
to hindrance to rotation and in part to solvent expansion (excluded volume effects). 
For estimation of chain rigidity, it is necessary, therefore, to separate these two 
effects. 

For synthetic polymers, it is usually possible to find e-solvents, i.e., poor 
solvents that do not expand the polymer coil. The corresponding “unperturbed 
dimensions” can therefore be determined directly. The steric factor, CT, defined by the 
relation41 

(7) 
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where subscripts f3 and f refer to &conditions ancj free rotation, respectively, is 
then a measure of the hindrance to rotation. The steric factor has been determined 
for many vinyl polymers. It is found to depend somewhat on the bulkiness of the 
moncmer and lies typically between 2 and 3 (Refs. 9 and 41). For polysaccharides, it 
is very diflkult to find &solvents, and one then has to rely on a theory for solvent 
expansion, and extrapolate to a hypothetical &condition for obtaining the un- 
perturbed dimensions. 

Burchard4’ has recently reviewed the different extrapolation procedures for 
obtaining unperturbed dimensions from viscosity measurements in good solvents. 
The most frequently used method is due to Burchard43, and to Stockmayer and 
Fixman44. It is based upon the Flory viscosity theory9 which may be written 

[q-J = K,M”2.u3 (8) 

K, = cP(~/M)~‘~ (9) 

and a is the solvent expansion factor, depending on the molecular weight according 
to Fixman’s theory4’ 

CL3 = IfC' . M112 (10) 

in which C’ is a polymer-solvent interaction parameter, which is a constant for a 
given polymer-solvent system. Combination of equations (10) and (8) gave 

ctlw I’+ = K,+C' . K, . M112 (11) 

A plot of [~]/M”* versus ikf1’2 should yield straight lines if free draining is not 
operative, with an intercept, K,. The unperturbed dimensions may then be calculated 
from equation (9). 

-4 graphical representation of the results for the four ionic strengths according 
to this theory is seen in Fig. 3. Only the points for ionic strength 0.1 lie on a straight 
line. For the lowest ionic strength, an upwards, and for the two highest ionic strengths, 
a downwards curvature is indicated. All of the lines seem to tend to a common 
intercept, with K, near to 1 x lo- 3. 

Although such a value of K, is typical for vinyl polymers4’, there are reasons to 
believe that it is not the correct one for alginate. It has previously been suggested, 
from a comparison of light-scattering and viscosity results, that the alginate molecule 
is partially free drained in 0.1~ salt*. By us’ mg these results in equation (2) and 
accounting for the polydispersity in the same way as before, @ may be calculated as 
1.0 x 10” for the sample of the highest (MyI = 2.7 x 106) and 0.35 x 102’ for the 
sample of the lowest molecular weight (Mm = 11.2 x 104). Even though the exact 
value of @ may be open to question because of the aforementioned uncertainties 
concerning the corrections for polydispersity, the rather pronounced vaiiation of Q, 
with the molecular weight is indicative of partial free-drainage. A straight line in the 
Stockmayer-Fixman-Burchard plot seems, therefore, not to be conclusive evidence 
for the absence of drainage. The value of the intercept resulting from the straight-line 

Carbohyd. Res., 13 (1970) 359-372 



SOLUTION PROPFiRTES OF ALGINATE 369 

extrapolation of the results in 0.lh1 salt cannot then, in the author’s opinion, be used 
together with any well-founded value of @ in equation (9) for calculating unperturbed 
dimensions. 

According to Flory’ and others, the assumption of non drainage must hold in 
the limit of very high molecular weight, and retain its validity at progressively lower 
molecular weights as the polymer coil becomes less extended. An estimate of the 
unperturbed dimensions of alginate may, therefore, best be obtained by an extra- 
polation of the results obtained for the samples of the highest molecular weight at 
infinite ionic strength. The straight line (shown in Fig. 3) through the four upper 
points of the curve for infinite ionic strength yielded K, = 1 .l x lo- ’ as the intercept. 
The value of @ used in equation (9) is commonly between 2 and 2.8 x lo”, but since 
the Bloomfield-Zimm viscosity theory was shown to give the best fit with the results 
for alginate of high molecular weight, it is here preferred to use a value of @ obtained 
with that theory. In Fig. 2, it is seen that the three upper points at infinite ionic strength 
lie below the fully drawn curve. A straight line through these three points had the 
slope 0.77. By using this figure as the exponent in the Mark-Houwink equation, the 
corresponding G-value is found3 ’ to be 1.75 x lo*’ . The unperturbed r.m.s. end-to-end 
distance for the sample of 111, = 2.7 x lo6 was calculated to be 3020 A, corresponding 
to a Kuhn-segment length of 130 A. 

These values are not very much smaller than those obtained with the Bloom- 
field-Zimm viscosity theory at infinite ionic strength, which suggests that the main 
cause of the extension of uncharged alginate in water is a high degree of chain 
rigidity. To get a quantitative expression for the hindrance to rotation of the mono- 
mers, a knowledge of the ring conformation of the uronate residues in alginate is 
required. This question is at present not absolutely clear35*46, and it must be 
arbitrarily assumed that both the uronate residues exist in the CI (“C,) conformation. 
This makes the dimensions that may be calculated for the case of free rotation 
identical with those of a cellulosic chain. This calculation has been performed with 
the result4’ 

(r:)“* = 7.75 x P’i’ (12) 
By using this relation, and comparison with the obtained unperturbed dimension, the 
steric factor, G, was calculated to be 3.1. 

It should be stressed that this value rests upon the assumption of non-drainage 
for the samples of high molecular-weight at infinite ionic strength, and the assumption 
that the Fixman relation for the expansion factor is valid for alginate in this range of 
molecular weights. The fist assumption, apart from being intuitively easy to accept, 
agrees with experimental findings for carboxymethylcellulose22 and sodium hy- 
aluronate3’, and may therefore be considered to be fairly sound. The Fixman 
treatment of the excluded volume problem was based on a model that is not physically 
very realistic for the present system, and the value of the steric factor should, therefore, 
only be regarded as the best estimate at present, and it may be open to change when 
more realistic models are available. 
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With these reservations in mind, the results indicate that the restriction to 
rotation in the uncharged alginate molecule corresponds to the restriction in the most 
inflexible vinyl polymers. Whether this restriction is due solely to steric interactions 
between the atoms on adjacent rings, or is in part due to firmly attached solvent 
molecules, is not clear. The last possibility must generally be considered to be of 
importance for polar molecules in polar solvents41, and needs investigation. 

Comparison with other polysaccharides 
It would be of interest to compare the results obtained here with those for 

other (I +4)-licked polysaccharides. The most extensively studied polysaccharides 
are ceIluIose and amylose, and their derivatives. A comparison with these substances 
is somewhat difficult, because contradictory views exist in the literature con- 
cerning their conformational and configurational properties in the unperturbed 
State41.42.48-50.53 

. 

This is due mostly to the lack of well-defined &solvents for cellulose and 
cellulose derivatives at normal temperatures (20-309, with the resulting theoretical 
difficulties in estimating the unperturbed dimensions. 

Except for some experiments at high temperature5’ (120-140”), cellulose and 
cellulose derivatives generally give higher values of the exponent, a, in the Mark- 
Houwink equation than do amylose and its’derivatives41, which in some cases yield 
figures equal or close to OS, the theoretical value for Gaussian coi1.s in B-solvents. In 
the work of Kurata and Stockmayer4’, a large value of a is attributed to high value 
of the expansion factor a; this assumption automatically yields small unperturbed 
dimensions as may be seen from equations (8) and (S). They concluded, therefore, 
that amylose and its derivatives showed somewhat larger a-values than does the 
ceIIuIosic chain. An alternative interpretation of the experimental results is possible, 
however, since for two polymers measured in a solvent giving the same expansion 
factor for both substances, the polymer having the largest a-value would have the 
largest unperturbed dimensions. If, therefore, no major difference exists in the sclva- 
tion of the cellulosic and amylosic chain, the latter has to be the more flexible. Flory’” 
and others have indeed suggested that the cellulosic chain is characterized by small 
values of the expansion factor in most solvents and that this chain is very stiff. 

Because considerations concerning the solvation of the polysaccharides are of 
prime importance for estimation of their unperturbed dimensions, one cannot 
compare the value of the steric factor obtained for alginate with values reported for 
other polysaccharides, without a lengthy discussion of the many ways used to account 
for the solvent-expansion factor. This would be outside the scope of this paper, and 
a more direct way of comparing chain stiffness was sought. 

Banks and Greenwood4g determined the indices in the Mark-Houwink 
equation for amylose triacetate in solvent-precipitant mixtures and found that the 
exponent, a, equalled 0.5 near the precipitation point. This result is to be expected for 
a non-drained Gaussian coil according to the Flory o-point theory. Cellulose tri- 
acetate, on the other hand, yielded a = 0.83 near the precipitation point52, and 
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Banks and Greenwood favoured the view that the high a-values commonly reported 
for the cellulosic chain were a consequence of high chain-stiffness. 

Alginate is precipitated by molar concentrations of monovalent salts’, and the 
instability of the alginic acid fraction used in this work suggests that this sample was 
near the precipitation point in 0.1~ hydrochloric acid solution. It is interesting to 
note, therefore, that the a-value reported here for uncharged alginate is the same as 
for cellulose triacetate at the precipitation point, and it is tempting to conclude that 
the same type of glycosidic linkage in alginate and cellulose is the reason for this. 

This conclusion must only be regarded as tentative, since the use of the Flory 
&concept in these highly polar systems may be an oversimplification. In this theory, 
any speci6c interactions between solvent and polymer are not considered, and they 
may be of importance in the present system. The negative temperature coefficient of 
the viscosity, previously observed for alginate ‘, disagrees with the normal behaviour 
of a solution near the precipitation point according to the Flory theory, and one way 
of explaining this is by assuming the existence of a specific, temperature-dependent 
solvation. It seems, therefore, that both a more systematic investigation of the 
extension of polysaccharides in chemically different precipitation mixtures, and a 
comparison of different polysaccharides in one particular solvent are needed to get a 
clearer picture of their solution properties. Investigations along these lines are 
currently being carried out in this laboratory. 
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ABSTRACT 

N-Acetylneuraminic acid S-methyl ether (1) has been synthesized. Benzylation 
of Z-methyl-4,5-(4,6-O-benzylidene-2-deoxy-~-D-mannopyrano)-~-ox~oline @I, 
followed by mild, acid hydrolysis, yielded 2-acetamido-3-O-benzyl-4,6-O-benzylidene- 
2-deoxy-D-mannopyranose (3). Treatment of 3 with the potassium salt of di-tert- 
butyl oxaloacetate gave 6-0-benzyl-7,9-0-benzylidene-N-acetylneuraminic acid 
y-lactone (4). Methylation of 4, followed by removal of the benzyl and benzylidene 
groups and opening of the y-lactone r-in,, = then gave 1. The inhibition by acid 1 of the 
hydrolysis ofp-nitrophenyl N-acetyl-a-D-neuraminoside by Vibrio cholerae neuraminid- 
ase has been investigated. 

INTRODUCTION 

The specific substitution of N-acetylneuraminic acid (5-acetamido-3,5dideoxy- 
D-glycera-D-galacto-nonulosonic acid, NANA) is of importance in connection with 
studies of the mode of bonding of the sialic acid moieties in biopolymers, and with 
elucidation of the structural features of NANA which determine its specific receptor 
properties. Previous papers of this series have dealt with the synthesis of the 
benzhydryl ester1 of NANA, and the acylation’, tritylation, and glycosylation of 
NANA’. We now describe the synthesis of the 6-0-benzyl-7,9-0-benzylidene 
derivative (4) of the y-lactone of i’Gacetylneuraminic acid which is a key intermediate 
for the preparation of 8-O-substituted derivatives of NANA. From 4, the %methyl 
ether (1) of NANA (an analogue of the S-methyl ether of N-glycolylneuraminic acid 
which was isolated from Asterias forbesi4) has been prepared. 

RESULTS AND DISCUSSION 

The synthesis of 1 from 2-methyl-4,5-(2-deoxy-/3-D-mannopyrano)-2-oxazoline 
(6) has been accomplished according to the following scheme (on p. 374). The key 
compound in this reaction series was 2-acetamido3-O-benzyl-4,6-O-benzylidene-2- 
deoxy-D-mannopyranose (3) obtained by conversion of the oxazoline 2 into the 
benzyl derivative 7 followed by mild treatment with acid to effect opening of the 
oxazohne ring. 

The presence of the oxazoline ring in intermediates 2,6, and 7 was demonstrated 
by the i.r. bands at 1650-1680 cm-l (C=N) and by the absence of bands at 1510- 
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1570 cm- 1 characteristic of secondary amides. The structure of the oxazoline 7 is ala 
supported by the absence of OH absorption at 3200-3650 cm- ‘. The i.r. spectrum a 
3 shows bands of equal intensity at 1550 and 1665 cm- 1 characteristic of the CONE 
grouping. 

Condensation’ of 3 with the potassium salt of di-tert-butyl oxaloacetatc 
yielded a lactone (48%) which was not purified but was treated with methyl iodide- 
silver oxide in methanol to give the methylated lactone 5. The benzyl and benzylidem 
groups were removed in a single step by hydrogenolysis over palladium-charcoal 
Subsequent opening of the lactone ring under alkaline conditions, and treatmenl 
with cation-exchange resin gave the desired 8-0-methyl-NANA (1). 

Besides elemental and functional-group analysis, the structure of 1 was con- 
firmed as follows. The acid I gave a colour reaction typical for sialic acid with the 
Svennerholm‘j and Ehrlich’ reagents. Esterification of 1 with methanol in the presence 
of a cation-exchange resin, followed by acetylation with acetic anhydride in pyridine, 
gave 2,4,7,9-tetra-O-acetyl-8-O-methyl-N-acetylneuraminic acid methyl ester (8). The 
n.m.r. spectrum of 8 showed the presence of one ether and one ester methyl group 
(singlets at 3.42 and 3.82 p.p.m.). Comparison of the n.m.r. spectra of 8 and of 
2,4,7,8,9-penta-0-acetyl-N-acetylneuraminic acid methy ester revealed similar 
patterns in the region of 2.20-3.40 and 3.80-6.00 p.p.m. (cJ Ref. S), confirming the 
D-g&cero-D-g&zc?o configuration for 8 and for 1. 

Further evidence for the stereochemistry of 1 was obtained on investigation of 
its inhibitory activity during enzymic hydrolysis of p-nitrophenyl IV-acetyl-a-D- 
neuraminosideg with neuraminidase from Vibrio clzolerae. Both 1 and NANA are 
competitive inhibitors and exhibit similar affinity for the active site of the neuramin- 
idase &-values 3.6 x lo- 3~~ and 4.9 x lo- 3~x, respectively). The fact that blocking of 
the OH group at C-S in NANA does not affect the affinity of the monosaccharide for 
the active site of the enzyme suggests that this group does not participate in forma- 
tion of the enzyme-inhibitor complex. 
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ECPERMENTAL 

General. - Melting points were determined on a Kofler apparatus and are 
corrected. Optical rotations were measured with a Hilger M-142 poiarimeter. Evapo- 
ration was performed at 35-40” in zlacuo. T.1.c. was carried out on KSK silica gel 
with 5% gypsum by using ether (A), chloroform-methanol [95:5 (B); and 8:2 (C)] or, 
propyl alcohol-water [7:3 (O)]. Detection was effected with cont. sulphuric acid and 
Svennerholm’s reagent6. Paper chromatography was carried out on “Goznak” paper 
with propyl alcohol-butyl alcohol-O.lN hydrochloric acid [2:1:1 (E)] and butyl 
alcohol-pyridine-water [6:4:3 (F)]. Detection was effected with aniline hydrogen 
phthalate and Ehrlich’s reagent. N.m.r. spectra were obtained with a JNM-4H-100 
spectrometer with tetramethylsilane as internal reference and chloroform-d as solvent. 
1-r. spectra were recorded with a UR-10 spectrophotometer. Absorbance at 400nm 
was measured with a SF-4A spectrophotometer. 

2-Me?~zyZ-4,5-(2-deoxy-P_D-n2annopyrano)-2-oxazoZine (6). - This compound, 
obtained as described elsewhere” in 98,5% yield, had m-p. 169-170”, [a]:’ +9 +2” 
(c 1.0, pyridine); RF 0.12, RGleNAc 1.79 (B); v,,, 1674 cm-’ (C=N). 

2-MetlzyI-4,5-(4,6-Q-benzylide?le-2-deoxy~~-D-man~~op~~ra~~o)-2-oxazoIine (2). - 
A suspension of 6 (1.05 g) and zinc chloride (0.4 g) in benzaldehyde (SO ml) was 
stirred magnetically overnight at room temperature in an evacuated device kept dry 
with phosphoric anhydride. The mixture was poured into a mixture of saturated, 
aqueous potassium hydrogen carbonate and ice, stirred for 30 min, and, after 
filtration, extracted with chloroform (5 x 50 ml). The extract was washed with water, 
dried (MgSO,), and concentrated, and benzaldehyde was removed from the residue at 
70@/1 mm. A solution of the resulting syrup in chloroform was washed with aqueous 
potassium hydrogen carbonate, dried, and evaporated. The residue was treated with 
light petroleum, and the resulting solid was recrystallised from methanol-ether-light 
petroleum to give the title compound (0.98 g, 68.5%), m-p. 174-175”, [LY];’ -22,6” 
(c 0.71, chloroform), RF 0.31 (B), vmax 1680 cm -’ (C=N) (Found: C, 61.73; H, 5.95; 
N, 4.77.ClsHr7N05 talc.: C, 61.85; H, 5.88; N, 4.88%). 

2-Metl~yl-4,5-(3-0-benzyI-4,6-0-benzy~i~ene-2-~eoxy-P_- 
zoline (7). - To a stirred suspension of 2 (0.5 g) and barium oxide (0.5 g) in methyl 
sulphoxide (20 ml), benzyl chloride (10 ml) was added dropwise. After 3 h, more 
barium oxide (0.5 g) was added, and the mixture was stirred overnight. The precipitate 
was filtered off, and washed with chloroform, and the combined filtrates (containing 
benzyl chloride) were evaporated. The residue was twice recrystallised from methanol 
to give 7 as colorless needles (0.42 g, 64%), m.p. 169”, [ali - 18 +_2” cc 1.5, chloro- 
form); R, 0.47 (B), 0.58 (C); v,,, 1678 cm- 1 (C=N) (Found: C, 69,03; H, 5.94; 
N, 3.38. C2zH2aN05 talc.: C, 69.29; H, 6.03; N, 3.67%). 

2-Aceta~nido-3-O-benz_l,I-4,6-O-benzyZidene-2-deoxy-D-~z~nopyranose (3). - 
To a solution of 7 (0.3 g) in 80% aqueous acetone (5 ml), 0.1~ hydrochloric acid 
(1 ml) was added. After 3 h at 20”, the mixture was evaporated by co-distillation with 
ethanol, and the residue was recrystallised from ethanol to give 3 (0.30 g, 96%), 
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m.p. (dec.) ca. 120”, [a];’ -20” (c 1.0, methanol), R, 0.43 (C), v,,, 1540 and 
1645 cm- ’ (CONH) (Found: C, 65.98; H, 5.97; N, 3.26. C22H25NOs talc.: C, 66.17; 
H, 6.26; N, 3.50%). 

6-0-BenzyZ-7,9-0-benzylidene-8-O-methyl-N-acetyZn~raminic acid y-Zactone (5). 

- A suspension of 3 (0.2 g) and the potassium salt of di-rerf-butyl oxaloacetate’ 
(0.15 g) in 1:l methanol-p-dioxane (10 ml) was stirred for 5 days at room tempera- 
ture, filtered, and, after deionisation with Amberlite IR-120 (H+), evaporated to 
dryness. The residue was repeatedly washed with ether, dissolved in p-dioxane (10 ml) 
and heated for 15-20 min at 100” until no more gas was evolved. The solution was 
decolorised with charcoal and evaporated to dryness to give lactone 4 (0.115 g, 48 %), 
R, 0.53 (C). 

Lactone 4 (0.10 g) and freshly prepared silver oxide (3 g) were stirred in dry 
methanol (3 ml) and methyl iodide (10 ml) for 3 h at 40-45” and then overnight at 20”. 
After filtration, the precipitate was washed with boiling chloroform (3 x 40 ml), and 
the combined filtrates were evaporated to dryness. The residue was treated as described 
above to give the title compound (0.11 g, 92%) as a colourless solid, [a];’ -4.4” 
(c 1.3, methanol), pF 0.80 (0) (Found: C, 66.01; H, 6.24; N, 2.81. C,,H,,NOs talc.: 
C, 65.74; H, 6.50; N, 2.74%). 

N-Acetybzeuraminic acid &methyl ether (1). - Lactone 5 (0.10 g) was hydro- 
genated over 5% palladium-on-carbon (3 g) in methanol (10 ml) for 2 days at room 
temperature. The catalyst was filtered off and washed with methanol (3 x 50 ml), and 
the combined filtrates were evaporated. A solution of the residue in 50% aqueous 
methanol was brought to pH 9 with N sodium hydroxide, kept overnight at 0”, 
deionized with Amberlite IR-120 (Hf), decolourized with charcoal, and freeze-dried 
to give 1 (0.05 g, 83%) as a colourless powder, [a];’ -28” (c 1.0, water), RNANA 

0.27 (II), 0.39 (E) (Found: C, 44.16; H, 6.57; N, 4.12; OCH,, 9.41. C,,H,,N09 
talc.: C, 44.58; H, 6.55; N, 4.33; OCH,, 9.60%). 

Determination of inhibition activity of NANA and S-0-methyl-NANA (1). - 
The enzymic hydrolysis of p-nitrophenyl N-acetyl+D-neuraminoside was carried out 
as described elsewhere9 in 0.1~ acetate buffer (pH 5.6) containing 0.9% of sodium 
chloride and 0.1% of calcium chloride with 0.3 mg/ml of neuraminidase (from 
Vibrio cholerae, N. V. Philips-Duphar, Holland) at substrate concentrations 0.58, 
1.17, 1.75, 2.30, and 3.50 mu at 37”. The substrate was incubated in the presence of 
NANA or 1 (1.10 mhr). p-Nitrophenol was determined1 1 in incubated and control 

mixtures by spectrophotometry at 400 nm. The initial rate of hydrolysis was deter- 
mined by extrapolation to zero time12. A plot13 of l/V against l/S gave, in all the 
experiments, equal V,,,- values (53 I.rmoles/min) and &-values of 3.6 x 10e3hr and 
4.9 x 10S3hn for 1 and NANA, respectively. 
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ABsTRACT 
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BENZYL- 

Treatment of acetylated glycosyl bromides of D-galactose, D-glucuronic acid, 
and D-xylose with potassium methyl- and benzyl-xanthates in alcohol affords the 
corresponding glycosyl methyl- and benzyl-xanthates respectively. The same condensa- 
tion in acetone yields the correspondin, 0 1-thioglycosides and diglycosyl sullides 
instead of glycosyl xanthates. The glycosyl xanthates, on heating with sodium iodide 
in acetone, give the corresponding I-thioglycosides in high yield. The mechanism of 
decomposition of glycosyl xanthates is discussed in detail. 

INTRODUCTION 

As one of the important intermediates for the preparation of acetylated 
derivative of I-thio sugars, glycosyl xanthates have attracted the attention of many 
investigators’. 2,3,4,6-Tetra-Q-acetyl-D-D-glucopyranosyl ethylxanthate (2~) was 
first synthesized by Schneider and coworkers2 by treating 2,3,4,6-tetra-O-ace@-a-D- 
glucopyranosyl bromide (1) with potassium ethylxanthate in hot ethanol to give 2c, 
which was then transformed into sodium I-thio-D-glucose with sodium methoxide. 
Ethylxanthates of D-mannose3, D-glucuronic acid4, z-amino-%deoxy-D-glucose’, 
D-arabinose,6 D-ribose3, and D-xylose7 have been synthesized by the same procedure. 
In the previous paper’ it was shown that the course of the reaction of 1 with potassium 
methyl- and benzyl-xanthate could be altered by changing the temperature and the 
medium. Condensation of 1 with potassium methyl- or benzyl-xanthates in alcohol at 

room temperature gave the expected 2,3,4,6-tetra-O-acetyl+D-glucopyranosyl 
methyl- or benzyl-xanthates (2a and 2b), respectively, in good yield. On the other 
hand, bis(2,3,4,6-tetra-O-acetyl+D-glucopyranosyl) sulfide (4) and the corresponding 
methyl or benzyl 2,3,4,6-tetra-O-acetyl-l-thio-j?-D-glucopyranoside (3a and 3b) were 
obtained when 1 was treated with these potassium xanthates in boiling acetone. With 
other potassium xanthates, So, ---h as potassium ethylxanthate, 1 reacted normally in 
acetone and gave 2c under the same conditions. Recently, an analogous reaction of 
aryl and alkyl xanthates with tertiary amines, to give mixed stides, was reportedg. 

*Present address: Department of Legal Medicine, Sapporo Medical College, Sapporo, Japan. 
**Present address: Faculty of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japao. 
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In this paper, the reactions of acetylated glycosyl bromides of D-galactose, D-glucur- 
onic acid, and D-xylose with potassium methyl- and benzyl-xanthates are described 
and the mechanism of decomposition of glycosyl xanthates is also discussed. 

RESULTS AND DISCUSSION 

As expected, the unusual reactions noted with D-glucose were also observed 
when acetylated glycosyl bromides of the sugars described above were condensed 
in boiling acetone with both potassium methyl- or benzyl-xanthate. In alcohol at low 
temperature the corresponding glycosyl xanthates were obtained. The D-galactose 
derivatives showed some differences in reactivity from the D-glucose derivatives. 
Treatment of 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (5) with potassium 
ethylxanthate in boiling acetone gave bis(2,3,4,6-tetra-0-acetyl-B-D-galactopyranosyl) 
sulfide (8) in small proportion (lo%), together with 2,3,4,6-tetra-0-acetyl$-D- 
galactopyranosyl ethylxanthate (6~). Condensation of 5 with potassium methyl- 
xanthate in alcohol at room temperature gave the acetylated galactosyl methyl- 
xanthate (6a) in good yield, whereas in boiling acetone 8 and methyl 2,3,4,6-tetra-O- 
ace@-l-thio+D-galactopyranoside (7a) were obtained in 48 and 40% yield, respec- 
tively. Treatment of 5 with potassium benzylxanthate in alcohol under the same condi- 
tions gave the acetylated galactosyl benzylxanthate 6b in 75% yield, and in acetone S 
and the acetylated benzyl I-thio-galactoside 7b were obtained in 43 and 27% yield, 
respectively. Compound 8 was also synthesized, by the route used by Schneider and 
Wredel’ for the D-glucose derivative, from 5 and potassium suEde; the product was 
deacetylated to give crystalline bis@D-galactopyranosyl) sulfide (9). The reactivities 
of the D-glucuronate and D-xylose derivatives resembled those of the D-glucose 
derivatives. Methyl 2,3,4-tri-0-acetyl-1-bromo-l-deoxy-a-D-glucopyranuronate1 ’ 
(10) was treated with potassium methyl- or benzyl-xanthate in acetone under reflux 
to give, bis[methyl(2,3,4-tri-O-acetyI-~-D-ghrcopyranosyl)uronate] sulfide (13) in 40% 
yield, and the corresponding acetylated methyl or benzyl thioglucosiduronate (l2a 
and 12b) in 10 and 12% yield, respectively. Similarly, methyl (2,3,4-tri-O-a&&p-D- 
glucopyranosyl methylxanthate)uronate (lla) was obtained by condensation of 10 
with potassium methylxanthate in hot methanol. Compound 13 was also prepared 
from 10 and potassium sulfide, and was deacetylated with methanolic ammonia to 
give his@-D-glucopyranosyluronamide) sulfide (14), which was subsequently desul- 
ftied with Raney nickel to give 1,5-anhydro-r_-gulonamide (15). The reaction of 
2,3,4-tri-0-acetyl-c+D-xylopyranosyl bromide (16) with potassium methyI- or benzyl- 
xanthate in hot acetone aIso gave bis(2,3,4-tri-0-acetyI+D-xylopyranosyl) sulfide (19) 
and the corresponding acetylated I-thioxylosides (18a and lSb), in fairly good yield. 
When the reaction was conducted in ethanol 2,3,4-tri-0-acetyl-j?-D-xyIopyranosy1 
benzylxanthate (17b) was obtained. The corresponding methylxanthate of D-xylose 
failed to crystallize. Compound 19 was also prepared from 16 and was deacetylated 
to give bis(B-D-xylopyranosyl) sulfide (20). The I-tbioglycosides described above 
were prepared from the sodium salts of the corresponding I-thio sugars and methyl 
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iodide or benzyl chloride, after the method of Cernyl’ or from the acetylated glycosyl 
bromides and potassium mercaptides. The results described suggest that this “anoma- 
lous” reaction is common to potassium methyl- and benzyl-xanthates. It is already 
known that 1 and 1.2 molar equivalents of potassium methylxanthate, on heating in 
acetone for 5 min, give the thioglucoside 3a and sullide 4 in 25 and 56% yield, 

64 
Gal 8 
GA 13 
xyr 19 

G 2 G 1 

Gal 6 GOI 5 

GA 11 GA 10 
xyl 17 XYI 16 

D Series R=Me 

b Series R=PhCH2 

c Series R= Et 

G = D-glUCOS’2 
Go, = D-goloctose 
GA = D-gtucuronic acid G ; GDI 
Xy, = D-xymse GA 12 

xy~ 18 

respectively’. Prior addition of 0.5 molar equivalent of 2a to this reaction system 
increased the yields of 3a and 4 to 48 and 75%, respectively (based on the amount of 
1). This result indicated that almost half of the added 2a reacted with 1 to give 4 and 
the rest was degraded concurrently to 3a. Consequently, it is evident that reaction of 
an acetylated glycosyl bromide with potassium methyl- or benzyl-xanthate in acetone 
gives initially the glycosyl xanthate which, in part, reactes with more bromide to 
give the diglycosyl sulfide on one hand, and in part decomposes to the 1-thioglycoside. 
As described above, 2a liberated carbonyl sulfide and gave 3a in high yield when it 
was heated for a short period in acetone in the presence of potassium methylxanthate. 
Since potassium methylxanthate was mostly recovered after the reaction, it seemed 
that this salt was not involved directly in the reaction, but played a role in elevating 
the dynamic polarization of the solvent. Therefore an acetone-soluble salt (sodium 
iodide) was examined in place of potassium methylxanthate, and the expected result 
was observed: heating 2a in acetone containing 10% of sodium iodide gave 3a in high 
yield. The transformation of 2a into 3a by refluxing in acetone alone was very slow 
(-20 h). Pyridine and nitrobenzene were also found to be effective for this purpose, 
but in benzene (a non-polar solvent) no change of 2a was observed after heating for 
30 h. These facts showed that a polar solvent is essential for elimination of carbonyl 
sulfide from the glycosyl xanthate. 

It was also observed that ethyl 2,3,4,6-tetra-O-acetyl-l-thio-&D-glucopyranos- 
ide was obtained in 70-80% yield by reiIuxing the corresponding xanthate for 8 h 
in acetone containing 10% of sodium iodide. The rate of conversion of the ethyl- 
xanthate was very slow compared with that of the methyl- or benzyl-xanthates. 
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The pyrolysis of these glycosyl xanthates was also examined. On heating, 2a 
melted and evolved gas at 140-150”. The evolution of gas ceased after 1 h. The 
residue was crystallized from alcohol and was identified as the 1-thioglycoside 3a. 
The same pyrolytic transformation gave satisfactory yields with the methyl- and 
benzyl-xanthates of the other sugars, but the glycosyl ethylxanthates failed to give 
I-thioglycosides on pyrolysis. The pyrolysis of glycosyl xanthates was thus considered 
to be analogous to the removal of carbonyl sulfide in polar solvents, that is, the 
molten glycosyl xanthate itself plays the role of a polar solvent. The effects of solvents, 
temperature, reaction periods, and yield, on the transformation of the acetylated 
D-glucosyl methylxanthate 2a into the methyl 1-thio-o-glucoside 3a are summarized 
in Table I. 

TABLE I 

TFL4NSFORhfATlON OF &3,4,6-TETRA-O-ACETYL-p-D-GLUCOPYRANOSYL METHYLXANMATE INTO hIETHYL 

~,~,~,~-TETRA-~-ACFTYL-~-THI~-/?-D-GLUCOPYRANOSIDE 

Solcent Temperatare Reaction time 
(degrees) (mitt) 

Yield (%) 

KS[C =S)OR in acetone 
NaI in acetone 
Pyridine 

Nitrobeazene 
Acetone 
Thermal decomposition 
Benzene 

56 S 89 
56 5 90 
90-95 S-10 87 
90-9s s-10 90 
56 1200 93 

140-150 60 93 
80 1800 0 

As one part of the investigation for elucidating the mechanism of elimination of 
carbonyl sulfide, a cross-over reaction between two kinds of glycosyl xanthates was 
effected. Equimolar quantities of the acetylated D-glucosyl methylxanthate 2a and 
the acetylated D-xylosyl benzylxanthate 17b, dissolved in acetone containing 10% of 
sodium iodide, were kept at room temperature. One min later, two additional glycosyl 
xanthates, the acetylated D-xylosyl methylxanthate 17a and the acetylated D-glucosyl 
benzylxanthate 2b, were detected by t.l.c., together with 2a and 17b. Thereafter, the 
reaction mixture was reffuxed for 5 min and the four thioglycosides could be isolated 
almost in equimolar proportions. In this experiment, the observation that interchange 
of methyl and benzyl groups takes place upon dissolving these xanthates in a polar 
solvent indicates some kind of dissociation of the glycosyl xanthates. Various possi- 
bilities are shown below. Dissociation at (a> can be ruled out because the anomeric 
configuration remained unchanged throughout the reaction. The possibility of disso- 
ciation at (c) was discounted because D-glucosyl methyl- or benzyl-xanthate can be 
recrystallized unchanged from alcohol. The possibility of dissociation at (d) was 
excluded because rearrangement of the glycosyl xanthate into a glycosyl dithio- 
carbonate was not observed upon dissolution in a polar solvent. Accordingly, the 
conversion of the glycosyl xanthates is proposed to be as follows: for example, 2a is 
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- ~0s + @Me 

dissociated at (b) into the I-thio-D-glucose anion (A) and methoxythiocarbonyl 
cation (B), and the latter is irreversibly decomposed further into carbonyl sulfide and 
a methyl cation (C). The reaction of A with C would give 3a, with 1 would give 4, and 
with B would lead to the interchange of xanthate groups, as demonstrated in the cross- 
over reaction. The fact that 2a gave 2,3,4,6-tetra-O-acetyl-l-S-acetyl-l-thio-~-D- 
glucopyranose2 in high yield when 2a was dissolved in a mixture of pyridine and 
acetic anhydride supports this mechanism. The difference in reactivity between 
glycosyl methyl- and benzyl-xanthates and glycosyl ethyl- and the other alkyl- 
xanthates can be explained by the concept of the electron-releasing effect of the 
O-alkyl group13 in the xanthate part. The greater ability of methyl and benzyl groups 
to release electrons, compared with that of ethyl and other alkyl groups, is well 
known14. 

A number of preparative method for 1-thioglycosides have been described: (a) 
direct acid-catalyzed glycosidation, (b) preparation from dithioacetals, (c) synthesis 
from glycosyl halides and salts of thiols, and (d> alkylation of I-thioaldoses. For the 
synthesis of l-tbio-B-D-glycopyranosides on a preparative scale the methods are 
essentially restricted to (c) and (ci)_ As summarized in Table II, the process reported 
here via glycosyl xanthates gives excellent yields. The isolation of intermediary glycosyi 
xanthates is not required (see experimental section). 

EXPERIMENTAL 

Evaporations were normally conducted under diminished pressure below 40”. 
Melting points are uncorrected. The solvent systems used for t.l.c., on Silica Gel GF 
(E. Merck, Darmstadt, Germany), were 4:l benzene-ethyl ether (v/v) and 3: 1 ethyl 
ether-light petroleum, unless otherwise stated. The detection of glycosyl xanthates 
was effected with U.V. light (short, 2537 A) and other compounds were indicated by 
spraying the plates with aqueous sulfuric acid (10% v/v) and heating the plates at 
140”. New compounds had i.r. and U.V. spectra consistent with their assigned struc- 
tures. Satisfactory elemental analysis were obtained for compounds prepared in this 
work and previously reported in the literature. 
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TABLE II 

I-THIOGLYCOSIDES FROM XANTHAIES BY ELIMINATION OF CARBONYL SULFIDE 

Sugar R Reaction time (min) Yield (%) 

D-Glucose 
methyl 5 93 
ethyl 600 84 
benzyl 5 86 

n-Galactose 
methyl 
ethyl 
benzyl 

73 
70 
86 

D-Xylose 
methyl 
ethyl 
benzyl 

5 
300 

5 

5 
480 

5 

5 
180 

5 

61 
90 
90 

D-Glucuronic acid 
methyl 
ethyl 

70 
69 
69 

Bis(2,3,4,6-tetra-O-acetyl_8-D-galactopyranosyl) sulfide (8) and methyl 2,3,4,6- 

terra-O-acetybl-thio-/3-D-galactopyranoside (W. - 2,3,4,6-Tetra-O-acetyl-a-D- 
galactopyranosyi bromide (5) (3.0 g) was added in one portion to acetone (15 ml) 
containing potassium methylxanthate (1.5 g) and the solution was refluxed for 3 min. 
After cooling, the mixture was poured into water (100 ml), and then extracted with 
chloroform (30 ml). The organic layer was washed with water, dried over sodium 
sulfate, and evaporated to dryness. The residue was triturated with ethyl ether (20 ml) 
and the insoluble, crude 8 was collected by Ntration. Recrystalkation of 8 from 
methanol gave 1.2 g (48%) of pure material, m.p. 201-202”, [a]L” -35.5” (c 1.0, 
chloroform). Compound 8 was also obtained by treatment of 1 with potassium sulf?de 
according to the direction given by Schneider”, m-p. and mixed m-p. 201-202”. 

Anal. Calc. for C2sH3s01sS: C, 48.41; H, 5.51; S, 4.62. Found: C, 48.22; 
H, 5.63; S, 4.80. 

To the mother liquor from 8, petroleum ether was added until a slight turbidity 
persisted. After refrigeration overnight analytically pure 7a was obtained after two 
recrystallizations from ethanol; yield, 1.0 g (40%), m-p. llO-ill”, [a]g”+4.3” 

(c 1, chloroform). Lit. ’ 2, m-p. 110-l 1 l”, [f&i-4” (c 2, chloroform). 
Benzyl 2,3,4,6-?etra-O-acetyZ-l-thio-~-D-galactopyraizoside (7b) and 8. - 

Compounds 7b and 8 were obtained by treatment of 5 (3.0 g) with potassium benzyl- 
xanthate (1.8 g) in boiling acetone according to the procedure described above, 
yield, 1.1 g (43%) of 8 and 0.9 g (27%) of 7b. Compound 7b had m.p. 97”, [a];’ -78.0” 
(c 1.0, chloroform). Lit. “, m-p. 97-99”, [c&,- 76” (c 2, chloroform). 
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2,3,4,6-Terra-0-acetyl-/?-D-gaZactopyranosyZ ethylxanthate (SC). - Compound 
5 (3.0 g) and potassium ethylxanthate (1.1 g) were dissolved in ethanol (30 ml) and 
the solution was stirred for 1 h at room temperature. The mixture was poured into 
water (100 ml), and kept at 0”. The precipitated deposits were filtered off and recrystal- 
lized from ethanol; yield, 2.8 g (83%), m-p. 79-80”, [a]&’ + 51.6” (c 1.0, chloroform). 

Anal. Calc. for C17H24010SZ: C, 45.09; H, 5.35; S, 14.17. Found: C, 45.16; 
H, 5.37; S, 13.89. 

Ethyl 2,3,4,6-tetra-O-acetyZ-~-tZzio-B_D-gaZactopyra~zoside (7c), 6c, and 8. - 
Componds 7c and 8 were obtained by treatment of 5 (3.0 g) with potassium ethyl- 
xanthate (1.3 g) in boiling acetone (30 ml) for 1 h as described above; yield, 0.3 g 
(10%) of 8 and 1.3 g (50%) of 7c. Compound 7c had m-p. 75”, [a]?-8.0” (c.1.0, 
chloroform). Lit.l’, m-p. 75”, [a]? -7.8“ (c 2.5, chloroform). 

Reaction for only 3 min according to the procedure described above gave 6c 
and 8; yield, 0.3 g (10%) of 8 and 1.6 g (50%) of 6c. 

Bis(j3-D-galactopyranosyl) surfid (9). - A solution of 8 (2.0 g) in methanol 
(30 ml) saturated with ammonia at 0” was kept overnight at room temperature. The 
solution was evaporated to a crystalline residue. Recrystallization from ethanol-water 
gave colorless crystals; yield, 1.0 g (95%), m.p. 229”, [c&“-40.0” (c 1.0, water). 

Anal. Calc. for C,,H2,0,,S: C, 40.22; H, 6.19; S, 8.95. Found: C, 40.46; 
H, 6.42; S, 8.78. 

Bis[rnethyZ (2,3,4-tri-O-acetyZ--/J-D-gZucopyranosyl)uronate] suI&ide (13) and 
methyl (methyl 2,3,4-tri-O-acetyZ-l-tZzio-P_D-gZz~copyranoside)~ronate (12a). - Methyl 
2,3,4-tri-O-acetyl-l-bromo-l-deoxy-cr-D-glucopyranuronate (10) (4.0 g) was added 
portionwise with stirring to a solution of potassium methylxanthate (2.0 g) in hot 
acetone (50 ml). The solution was refluxed for 3 min and treated according to the 
p ocedure described for the D-galactose derivatives. Recrystallization of 13 from hot 
methanol gave needles; yield, 1.5 g (45%), m.p. 236“ (dec.), [pr]g-54.1° (c 1.0, 
chloroform). Alternatively, 13 was prepared by treatment of potassium sulfide with 
10 according to the direction of Schneider lo The m-p. and mixed m.p. were 236-237” _ 
(dec.). 

Anal. Calc. for C&Hs401sS: C, 46.85; H, 5.14; S, 4.81. Found: C, 46.93; 
H, 5.09; S, 4.76. 

A solution of 12a in ethyl ether was evaporated under vaccum to a thick syrup 
and the residue was dissolved in a small amount of ethanol. Compound 12a crystal- 
lized gradually on cooling; yield, 0.3 g (lo%), m.p. 118-119”, [&,“-27.70 (c 1.2, 
chloroform). 

Anal. Calc. for C,,H,,O,S: C, 46.15; H, 5.53; S. 8.80. Found: C, 46.19; 
H, 5.67; S, 9.02. 

Methyl (benzyl 2,3,4-tri-~-acetyZ-~-tZzio-~-D-gZ~icopyranoside)uronate (12b) and 
13. - Compound 10 (3.7 g) and potassium benzylxanthate (2.5 g) were treated in hot 
acetone (50 ml) according to the procedure described above; yield, 1.1 g (35%) of 13, 
and 0.45 g (12%) of 12b, m.p. 117”, [a]‘,” - 106” (c 1.2, chloroform). 

Compound 12b was also prepared by treatment of 10 with potassium a-toluene- 
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glucopyranosyl) sulfide (4); yield, 0.90 g (56%), m-p. 175-176”, [a]fp -35.5“ (c 1.0, 
chloroform). 

The mtrate was concentrated to a syrup and the residue was dissolved in small 
amount of ethanol. Methyl 2,3,4,6-tetra-U-acetyl-l-thio-8-D-glucopyranoside (3a) 
crystallized gradually on cooling; yield, 0.45 g (25%), m-p. 96”, [a];’ - 12.0” (c 1.0, 
chloroform). 

Reaction of 1, potassium methylxanthate, and 2,3,4,6-tetra-O-acetyl+D- 
ghtcopyranosyl methyIxantha?e (2a). - Potassium methylxanthate (0.80 g) was added 
to a mixture of 1 (2.60 g) and 2a (1.00 g) in warm acetone (10 ml), and the solution 
was refluxed for 5 min. Separation by the foregoing procedure gave 4 and 3a; yield, 
1.25 g (74% based on 1) of 4 and 0.88 g (48% based on 1) of 3a. 

Reaction of 2a and potassium methylxanthate. - A solution of 2a (1.00 g) and 
potassium methylxanthate in acetone (10 ml) was refluxed for 5 min and the mixture 
was poured into water (100 ml). The precipitate was titered off and recrystallized from 
ethanol to give pure 3a; yield, 0.77 g (89%). 

Formation of 3a from 2a by elimination of carbonyI sulfide. - A. Compound 2a 
(1.00 g) \vas heated in a flask on an oil bath for 1 h at 140-150” until the evolution of 
carbonyl sulfide ceased. The residue was dissolved in a small amount of ethanol and 
3a crystallized on cooling; yield, 0.80 g (93%). 

B. A solution of 2a (1.00 g) in pyridine (2 ml) was heated for 5 min on a steam 
bath. Carbonyl sulfide was evolved. The solution was poured into water (50 ml) and 
kept in a refrigerator. The precipitated 3a was collected and recrystallized from warm 
ethanol; yield, 0.75 g (87%). 

C. A solution of 2a (1.00 g) in nitrobenzene (1 ml) was heated for 5 min on a 
steam bath. T.1.c. of the solution revealed only one spot (of 3a). The nitrobenzene was 
removed by coevaporation with water, to give a crystalline mass. Recrystallization 
from ethanol gave pure 3a; yield, 0.78 g (90%). 

D. A solution of 2a (1.00 g) in acetone (5 ml) was refluxed for 20 h, and then 
evaporated. The residue was recrystallized from ethanol to give pure 3a; yield, 0.80 g 
(93%). 

Benzyl 2,3,4,6-tetra-O-acetyl-I-t~zio-~-D-glucopyranoside (3b) from 2,3,4,6- 
tetra-0-acetyZ+D-glucopyranosyl benzylxanrhate (2b) by elimination of carbonyl 
sulfide. - A solution of 2b (2.0 g) in pyridine (4 ml) was heated for 5 min on a steam 
bath. The mixture was poured into water (100 ml) and the resulting crystalline 
precipitate was recrystallized from ethanol to give 1.5 g (86%) of 3b, m-p. lOO-lOl”, 
[cc]~ -92.8” (c 1.0, chloroform). 

Ethyi 2,3,4,6-tetra-O-acetyl-l-tltio-P_D-ghrc (3~) from 2,3,4,6-tetra- 
0-acetyl-P-D-glucopyranosyl ethylxanthate (2~) by elimirtation of carbonyI sulfide. - A 
solution of 2c (5.0 g) (see ref. 2) in acetone (30 ml) containing 10% of sodium iodide 
was refluxed for 5 h. The mixture was poured into water (100 ml). A crystalline 
precipitate formed gradually at room temperature. Recrystallization from ethanol 
gave 3.8 g (84%) of pure 3~; m-p. 82”, [a];’ -25.5” (c 1.0, chloroform). Lit.“, m.p. 
Sl-82”, [& -24.4” ( c 1.16, chloroform). 
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gaIactose derivative 7a; yield, 2.75g (61%), m.p. S&89”, [a];’ -74.0” (c 1.0, chloro- 
form). 

Methyl (2,3,4-tri-O-acetyZ+D-glucopyranosyl methyZxanthate)uronate (lla). - 
A solution of 10 (2.0 g) in hot methanol (15 ml) was mixed ai 50” with methanol 
(15 ml) containing potassium methylxanthate (0.8 g). The mixture was refluxed for 
2 min and then poured into water (100 ml), and kept in a refrigerator. The resultant 
precipitate was filtered off and recrystallized from ethanol to give 1.3 g (61%) of lla; 
m.p. 116.5”, [a]‘,” +47X (c 1.0, chloroform). - 

Anal. Calc. for C15H20010S2: C, 42.45; H, 4.75; S, 15.11. Found: C, 42.27; 
H, 4.81; S, 15.17. 

Methyl (2,3,4-tri-O-acetyZ-_B-D-gbtcopyranosyl benzyZxanthate)urorzate (lib). - 
Compound 10 (2.0 g) and potassium benzylxanthate (1.2 g) were treated in methanol 
(30 ml) at 50” according to the procedure described above; yield, 1.1 g (44%), m.p. 
128-129.5”, [a];’ + 37.0” (c 1 .O, chloroform). 

Anal. Calc. for C,,H2,0,&: C, 50.39; H, 4.83; S, 12.81. Found: C, 50.65; 
H. 4.89; S, 13.06. 

Compound l2a from lla by ezimination of carbonyZ sulfide. - -4 solution of 
lla (1.0 g) in pyridine (4 ml) was heated for 10 min at 60”. The product was poured 
into water (30 ml) and kept in a refrigerator. The precipitate was filtered off and 
recrystallized from ethanol to give pure 12a; yield, 0.60 g (70%), m.p. 118-119”, 
blF -27.7” (c 1.2, chloroform). 

Compound 12b from llb by elimination of carbonyl snljide. - Compound llb 
(1.0 g) was treated in pyridine (4 ml) according to the procedure described above; 
yield, 0.55 g (69%), m.p. 117”, [a];’ - 106.0’ (c 1.0, chloroform). 

MethyZ (ethyl 2,3,4-tri-O-acetyZ-I-thio-~-D-gZzfcopyranoside)zironate (12~) from 

methyl (2,3,4-tri-O-acetyZ+D-gZucopyranosyZ ethyZ.unnthate)uronate (11~) by elimina- 

tion of carbonyZ sulfine. - Compound llc (3.0 g, see ref. 4) was treated with acetone 
(30 ml) containing 10% of sodium iodide, for 3 h to give 1.8 g (69%) of 12c, m-p. 107- 
108”, [a];’ - 37.3” (c. 10, chloroform). Lit.15, m.p. 106-107”, [a]:‘- 38.0” (c 1, chloro- 
form). 

Cross-over experiment in the carbonyZ sulfide elimination. - A mixture of 
438 mg (1 mmole) of 2a and 442 mg (1 mmole) of 17b was dissolved in acetone (10 ml). 
Sodium iodide (1 g) was added and the reaction mixture was examined by t.1.c. Four 
glycosyl xanthates were detected by U.V. light and were identified as 2a, 2b, 17a, and 
17b. The mixture was refluxed for 5 min, poured into water (100 ml), and then 
extracted with chloroform (20 ml x 2). The extract was washed with water, dried over 
sodium sulfate, and evaporated to 10 ml. Examination of this solution by t.1.c. 
showed the presence of four components detected with 10% sulfuric acid, which 
were identified as 18b (RF 0.55), 1Sa (RF 0.50), 3b (RF 0.45), and 3a (RF 0.40), 
respectively. The zones of 18b and 3b, which have a benzyl moiety, were detected in 
U.V. light as dark areas on a fiuorescent background in preparative t.1.c. (3:7 ethyl 
ether-benzene). Pure samples of 18b (58 mg), 1Sa (52 mg), 3b (69 mg), and 3a (57 mg) 
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were obtained by preparative separation of a portion of the mixture. The molar ratio 
of these I-thioglycopyranosides was lSb:lSa:3b: 3a = l&0:1.15: l.OS:l.OO. 

I-Th~o-2,3,4,6-tetra-o-acety~-I-S-acetyl-~-D-giz~copyranose from 2a. - Com- 
pound 2b (1.0 g) was dissolved in pyridine (1 ml) and acetic anhydride (1 ml) and the 
rrGxture was heated for 5 min on a steam bath. The mixture was poured into water 
(50 ml) and kept in a refrigerator. The resultant precipitate was recrystallized from 
ethanol to give 0.78 g (84%) of pure material, m.p. 121”, [aIF f9.5” (c 1.0, chloro- 
form). Lit.2, m.p. 120”, [z]g + 10.17” (c 2.95, chloroform). 
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UNSATURATED NITRO SUGARS. PREPARATION OF PO-ACETYL-1,2- 
DIDEOXY-3,5-O-ETHYLIDENE-1-NITRO-~-eryr~ro-PENT-1-E~OL* 

K. D. CARLSON, C. R. SMITH, JR., AND 1. A. WOLFF? 

Norfhern RegionaC Research Luboratoryf, Peoria, IIEnois 6I604 (U. S. A.) 
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ABSTRACT 

The title compound was prepared from D-dUCOSe ia lO-25% overall yield in a 
5-step sequence. Condensation of nitromethane with 2,4-0-ethylidene-D-erythrose 
according to the Sowden-Fischer procedure gave an approximately equimolar 
mixture of l-deoxy3,5-0-ethylidene-1-nitro-D-ribitol and the corresponding D-ara- 
binitol derivative, which were separated by chromatography on silica gel. The 
mixture of nitrodiols was acetylated to the corresponding diacetates, which were not 
separated. Attempts were unsuccessful at dehydroacetoxylation of the latter by 
refluxing in benzene solution with sodium hydrogen carbonate or carbonate bases. 
However, dehydroacetoxylation occurred during chromatography of the diacetates 
on silica gel, and this proved to be a satisfactory method for preparing 4-O-aceryl-1,2- 
dideoxy-3,5-O-ethylidene-1-nitro-D-eryth. New data are given for 
several previously known intermediate compounds prepared in this study. 

RESULTS AND DISCUSSION 

4-O-Acetyl-l,2-dideoxy-3,5-O-ethylidene-l-nitra-D-erythro-pent-l-enitol (7), a 
possible precursor in the synthesis of a naturally occurring glucosinolate currently 
under investigation in this laboratory, was prepared by conversion of 2,4-O-ethyl- 
idene-D-erythrose (3b) into the homologous deoxy nitro alditol via the Sowden- 
Fischer1 aldehyde/nitromethane condensation reaction and the sequence outlined’-’ 
in Scheme I. Yield data are summarized in Table I. 

D-Glucose was converted into 4,6-O-ethylidene-D-glucose (2a) according to 
published procedures4*6*7 by treatment with paraldehyde0. The crystalline trio1 2a 

was characterized as its amorphous triacetate, 1,2,3-tri-U-acetyl-4,6-U-ethylidene-D- 
glucopyranose (2b), which was obtained as a mixture of a- and &isomers*. 

*A preliminary account of part of this work has been given: K. D. Carlson, C. R. Smith, Jr., and 
I. A. Wolff, Abstracts Papers Amer. Gem. Sot. Meeting, 156 (1968) Garb IS. 
tPresent address: Eastern Regional Research Laboratory, Philadelphia, Pa., U. S. A. 
XT&is is a laboratory of the Northern Utilization Research and Development Division, Agricultural 
Research Service, U. S. Department of Agriculture. 
SWe assume that the methyl group has an equatorial orientation since n.m.r. and t.1.c. data 
indicate the formation of one isomer. This assumption is consistent with the conditions of preparation 
and thermodynamic considerations regarding isomer stability. 
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1 

H NOa 
7 

Scheme I. 

TABLE I 

SUMMARY OF YIELD DA-l-A 

H HH 

Me 
““‘H 

++-a H 

;H-oAc 
&NO2 

6o.b 

Compound Yield range (%) Overall yield (%) 

LOW High 

2a 60-80 60 80 
3a 87 52 70 
5 68-77 35 54 
6 72-87= 25 47 
7 43-55 11 26 

aCrude yield; all others are purified yields. 

Periodate oxidation4*’ of 2a gave Z,Pf%ethylidene-D-erythrose (3) as an 
amorphous solid, which was homogeneous by UC. The lack of significant aldehyde 
carbonyl absorption in the i.r. spectrum indicated that the compound exists preferen- 
tially as the dimeric cyclic a&al, bis(2,4- O-ethylidene-D-erythrose) 1,l’: 1,3’-cyclic 
acetal(3a), as first reported by Schaffer 5*g Direct evidence for this dimeric structure _ 

was obtained from the 60-MHz n.m.r. spectrum (chloroform-6) of 3a, which showed 
signals of two magnetically different O-ethylidene methyl groups as a pair of doublets 

(JH. cH, 5 Hz) at T 8.65 and 8.67, in the ratio 1:l. The dimer diacetate, I,3’-di-O- 
acetyl-~is(2,4-O-ethylidene-D-erythrose)-l,l’:1’,3-cyclic acetal)] (4), obtained in 55% 
yield upon acetylation of 3a, similarly exhibits two overlapping three-proton doublets 
ofequal intensity at r 8.65 and 8.69 for the O-ethylidene methyl groups. Three-proton 
singlets of equal intensity were observed at z 7.86 and 8.00 for the two acetate methyl 
groups. 

Carbohyd. Res., 13 (1970) 391-402 



UNSATURATED NERO SUGARS 393 

2,4-O-Ethyhdene-D-erythrose (3) was further characterized (Scheme IT) by: 
(1) quantitative sodium borohydride reduction to 1,3-O-ethylidene-L.-erythritol* 
[(S), refs. 6 and lo] and (2) acid-catalyzed rearrangement to 2,3-Gethylidene-B-D- 

H H 

A$0 

OAC 

CH20Ac 

9 

Scheme II. 
10 11 

erythrofuranose’* ’ ’ (10). Acetylation gave the corresponding acetates 9 (ref. 10) and 
11 (ref. 11). Although 10 is probably the product of kinetic controlg, en&-2-methyl- 
1,3-dioxolans reportedly are more stable than their exo-isomer.s121’3. Our assignment 
of the en&-methyl configuration to 10 and 11 is discussed in the following paper*. 

Treatment of an alcoholic solution of 2,4-O-ethyhdene-D-erythrose (3) and 
nitromethane with sodium alkoxide at 10” gave a bromine-red syrup in 68-77% yield, 
which according to t.1.c. analysis consisted of an approximately equimolar mixture of 
l-deoxy-3,5-O-ethylidene-1-nitro-D-ribitol and I-deoxy-3,5-O-ethylidene-l-nitro-D- 
arabinitol (Sa, b). The mixture of nitrodiols was freed of several unidentified contami- 
nants, and each was obtained pure in small amounts, by repeated chromatography on 
silica gel**. The diols are normally pale-yellow syrups, which may or may not crystal- 

4000 3500 3000 
Frequency. cm-l 

Fig. 1. 1.r. spectrum of nitrodiol 
solution. 

5A and 5B showing hydroxyl absolptions in dilute chloroform 

*Or, 2,4-O-ethylidene-wcrythritol. 
**This is a tedious separation. The corresponding 0-benzylidene derivatives reportedly3 are easily 
separated and crystallized owing to a marked difference in solubilitics in chloroform and ether, and 
they are thus preferred if sizeable quantities of pure isomers are desired. 
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lize and which gradually darken in color (yellow) at room temperature. The two 
isomers are easily distinguished by their characteristic i.r. absorptions bettveen 10 
and 12 pm and by the nature of their OH absorptions in dilute solution (Fig. 1). 
Isomer A, which we believe to be the ribitol derivative, shows only broad, bonded-OH 
absorption (3589-3533 cm-‘). Isomer B, assigned the arabinitol structure, exhibits 
both free (3617 cm- ‘) and bonded (3567 cm-‘) OH bands (Fig. 1). These patterns 
do not change on dilution (~20 IIIM) and are therefore indicative of intramolecular 
association as illustrated by 5-A and 5-B (Scheme III). The “axial” nitromethyl 
group at C-2 of the six-membered ring formed by the hydrogen bond between the C-4 

3b 

N02 

3c 

Scheme III. 

NO2 

0 
5-A 

hydroxyl proton and the C-2 hydroxyl oxygen atom of 5-B should destabilize this 
completely hydrogen-bonded form relative to 5-A (equatorial niiromethyl group), and 
therefore the arabinitol derivative should show more free OH absorption and/or more 
intermolecular hydrogen bonding, as is observed for isomer B (3300-3500 cm-‘, 
Fig. 1). Greater chromatographic mobility of the ribitol derivative could be expected 
if internal hydrogen bonding is more important14 as in 5-A. In accord with this 
expectation, isomer A is eluted first from a silica-gel column and has a higher t.1.c. 
mobility (R,) than isomer B. 

Cram’s rule*‘*16 of steric control of asymmetric induction predicts that the 
arabinitol derivative S-B should be formed preponderantly from the reaction of 
nitromethane with 2,4-O-ethylidene-D-erythrose. However, polarization of the 
carbonyl group by weak hydroxyl-carbonyl bonding’ ’ (Scheme III) should enhance 
the proportion of 3c relative to 3b at equilibrium, lower the transition-state energy for 
addition of the nucleophile to the carbonyl group, and thus raise the proportion of 
5-A in the product mixture. Indeed, the proportion of ribitol isomer (S-A) in the 
product mixture is about 60%, based on weights of the two isomers obtained from 
chromatographic separations. 

Acid-catalyzed acetylation of the nitrodiol mixture 5 apparently gives a mixture 
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of the corresponding nitro diacetates, 2,4-di-0-acetyl-1-deoxy-3,5-O-ethylidene-l- 
nitro-D-ribitol and 2,4-di-O-acetyl-l-deoxy-3,5-O-ethylidene-l-nitro-D-arabinitol 
(6a, b). T.1.c. analysis of the product mixtures generally gave ill-defined chromato- 
grams, the nature of which apparently depends upon, and is quite sensitive to, the 
activity of the silica gel. Crystallization of material from the product mixture could 
not be induced. Neither of the diacetates has been isolated pure, but their presence in 
mixtures with the nitroolefin 7 was detected by n.m.r. analysis. 

Attempts to prepare the nitroolefin 7 by refluxing the nitro acetates (6) in 
benzene in the presence of potassium or sodium hydrogen carbonate2*3 failed to give 
satisfactory results. Other bases and solvent systems also failed in that the olefin was 
not formed at a rate significantly greater than its destruction by subsequent side- 
reactions. Addition of nucleophiles and anions to nitroolefins is well known’8-25, and 
Nielsen and Archibald26 showed that 1,3-dinitroalkanes, resulting from Michael 
addition of a nitroalkane at-carbanion to the corresponding nitroolefin, may yield 
cyclic nitronic esters. These products could account for the unidentified, highly polar 
materials and for the difficulties encountered in our work. 

The nitroolefm 7 was obtained in satisfactory yields (43-64%) from the crude 
nitro diacetate mixture (6) by repeated chromatography on silica gel. Others24c*25 
have reported dehydroacetoxylation of j?-acetoxynitroalkanes on silica gel. The 
overall yield of 7 from D-glucose is ll-26%. Best results were obtained when inter- 
mediates in the 5-step synthesis were freed of contaminating byproducts before 
proceeding to the next step. 

For comparative purposes, and as a possible alternative route to the nitro- 
pentene skeleton, 3,4,5-tri-O-acetyl-l,2-dideoxy-l-nitro-D-er~~~zr~-pent-l-enitol2’3 (13) 
was prepared from D-erythrose via 2,3,4,5-tetra-O-acetyl-l-deoxy-l-nitro-D-arabinitol 
(12) (Scheme IV). 

CHZN02 
V/No2 

I 
At0 -C-H 

I 
/AH 

c-Erythrose A l-i-C-OAc _ H-C-OAC 

I I 
H-C-OAC H-C-OAc 

I I 
cyonc CHi,OAC 

12 13 

Scheme IV. 

Pertinent bands in the i-r. spectra of the two olefins (7 and 13) are at 3.3, 6.01, and 
10.42 pm (rrans-disubstituted doubIe bond) and 6.55 and 7.40 pm (olefinic nitro 
group) 1g*25*27. N.m.r. spectra of the two olefins are in accord with the assigned 
structures’. 

The dehydroacetoxylations of both 6 and 12 appear to be stereospecific, since 
no evidence was found for formation of the cis nitroolefins. However, it is not known 
whether a cis oIefin would isomerize on the catalyst surface (sodium carbonate, silica 
gel) to the tram olefin in these heterogeneous reactions. Consequently, we do not know 
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whether cis or rrans elimination occurs. The formation of either olefin (7 and 13) can 
be monitored by the appearance of the bands at 6.55 and 10.42 pm (CH=CH-N02) 
and by the disappearance of the band at 6.45 pm (-CH,NO,). 

Sigaikantly, the acyclic olefin l.Z is not formed on silica gel chromatography of 

tetraacetate 12. However, stirring a solution of 12 in benzene with alumina resulted in 
partial dehydroacetoxylation (apparent equilibrium mixture of 12 and 13 by i.r. was 
approximately 30:70). 

The reasons for the marked differences in the dehydroacetoxylation reactions of 
the nitro acetates 6 and 12 are not obvious. A study of the reaction of 12 with potas- 
sium carbonate in refluxing benzene was carried out by observing the 6.45 pm 

(-CH2N0, band of 12) and 6.55 pm ( =CHNOz band of 13) bands in the i-r. spectrum 
with time. Fig. 2 shows that the nitroolefin concentration reaches a maximum and 
then begins to decrease as the olefin is consumed by side reactions. 

Fig. 2. Reaction of 12 with Potassium carbonate (70-F- 1”). Piot of absorbance of saturated (&&No, 
and olefinic nitro groups (A-_cso,) as a function of time (12-+13). 

Sodium carbonate was less reactive than potassium carbonate in promoting 
dihyciroacetoxylation of 12, although the former catalyst gave better (76 us. 62%) 

yields of olefin 13 than did potassium carbonate. In our hands sodium hydrogen 

carbonate was much less effective than either carbonate base. Plots of log AI/&, vs. 
time were not linear and the reaction rate slowly increased with time. The rate increase 
may result either from an increase in effective surface area or surface activity of the 
carbonate base in this heterogeneous system, or from catalysis by accumulating 
sodium acetate produced in the reaction. Although a similar formal study was not 
made of the formation of 7 from 6, it was apparent from our data that side reactions 
consumed 7 at a rate comparable to its formation in the presence of carbonate base. 

EXPERIMENTAL 

Generai. - Melting points are uncorrected. T.1.c. was performed on Silica 
Gel G (0.25 mm) with 73 : 18: 9 chloroform-ethyl ether-methanol for the free 
sugars (solvent A) and SS:12 carbon tetrachloride-methanol for the acetates (solvent 
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B). The plates were developed by spraying with aqueous sulfuric-chromic acid 
solution, followed by charring at 150”. 1-r. spectra were recorded on Perkin-Elmer* 
spectrophotometers (Models 137 and 337) on dilute solutions (10%) of the compounds 
in carbon tetrachloride or chloroform, or as thin films between sodium chloride 
windows. Optical rotations were measured with a visual polarimater (Franz Schmidt 
and Haensch, Berlin, Germany) equipped with a l.O-dm tube. N.m.r. spectra (60 and 
100 MHz) were recorded on Varian Associates spectrometers (iModels A-60 and 
HA-100) with the compounds in solutions of carbon tetrachloride, chloroform-d, 
deuterium oxide, or benzene-&. Chemical shifts were measured relative to internal 
tetramethylsilane (7 10.00). All peaks assigned to hydroxyl groups were confirmed by 
deuterium oxide exchange. Satisfactory analyses were obtained for all previousiy 
reported compounds. 

4,6-0-Ethylidene-D-glrrcose (2a). - The procedure followed is that of Barker 
and MacDonald6. From a mixture of 1 ml of concentrated sulfuric acid, 135 ml 
(- 1 mole) of paraldehyde, and 180 g (1 mole) of D-glucose (dextrose, Difco Labora- 
tories) was obtained 126.6 g (62%) of material. Recrystallization from absolute 
ethanol gave 90.9 g (45%) of 2a, m-p. 180-182” (lit6. m.p. 179-181”), [ocjks -2.0” 
(c 2, water); RF 0.15 (solvent A); n.m.r. data: r 8.70 @proton doublet, ethylidene 
methyl, J 5 Hz). A second experiment with reactant quantities and reaction time 
doubled gave 165 g of 2a (77%). 

I,2,3-Tri-O-acetyI-4,6-O-ethyZidene-D-gIz~copyrarzose (2b). - A mixture of 10 ml 
of pyridine, 2.07 g (10 mmoles) of 2a, and 6 ml of acetic anhydride was heated for 7 h 
on a steam bath. Excess acetic anhydride was decomposed by stirring the reaction 
mixture with ice-cold 10% hydrochloric acid. The product was taken up in ether 
(3 x 25-ml portions). The combined ether extract was washed, dried, and evaporated 
to leave 2.09 g (63%) of syrup, which was dissolved in the minimum amount of ether- 
pentane and kept for 4 days at - 10”. Deposition of a syrup occurred, the solvent was 
decanted, and the syrup was dried for 24 h at 57” (0.3 mm). The resultant glass was 
scraped with a spatula to give 1.39 g (42”/,) of amorphous 2b, m.p. 3%36”, [@ 
-1-66.0’ (c 2, chloroform); RF 0.75 (solvent B); n.m.r. data8 (CDCI,): r 8.69 (3-proton 
doublet, J 5 Hz, ethylidene methyl), r 7.87,7.96, 8.02 (3-proton singlets, OAc), z 3.79 
(l-proton doublet, Ji ,z 3.8 Hz, H-l of cr-anomer, major product), r 4.30 (Jr,z 7.5 Hz, 
H-l of p-anomer, minor component). 

Anal. Calc. for C14Ht009: C, 50.60; H, 6.07. Found: C, 50.90; H, 6.39. 
2,4-0-EthyZidene-D-erythrose (3). - 4,6-0-Ethylidene-D-glucose (2a) was 

oxidized according to the procedure of Rappoport and Hassid” by the addition of an 
aqueous slurry of 203 g (0.95 mole) of sodium metaperiodate to 100 g (0.48 mole) of 
2a and 80.0 g (0.95 mole) of sodium hydrogen carbonate in 600 ml of water. The 
amorphous product (3, 60.5 g, 87%) failed to show significant aldehyde carbonyl 
absorption in the i.r., showed a single spot on t.l.c., and had a wide melting-range, 

*Mention of firm names or trade products does not constitute endorsement by the U. S. Department 
of Agriculture over firms or similar products not mentioned. 
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m.p. 65430" (for the L enantiomorph Iit4 m-p. 73-79”); [a]“,“- 37.8” (c 3.12, water) 
(lk6 [a]‘,” -36.8”); RF 0.36 (solvent A). 

1,3’-Di-O-acet~~I-[bis(2,4-O-ethyIidezze-~-erythrose)]-~,I’:I’,3-cyclic acetal (4). 
-- A mixture of 3.19 g (21.8 mmoles) of 3, 20 ml of pyridine, and 10 ml of acetic 
anhydride was stirred for 45 min at 25” and then heated for 1 h on a steam bath. The 
deep reddish brown mixture was cooled, diluted 5:l with water, and then extracted 
with 3 x 25-ml portions of ether. The combined ether extract was washed thoroughly 
with water and then dried. Evaporation of the ether left 2.24 g (55%) of a syrup, 
which was dissolved in equal volumes (15 ml) of ether and pentane. Slow evaporation 
of solvent under a stream of nitrogen resulted in the formation of a few crystals, 
whereupon the solution was stored for 16 h at 10”. The crystals were removed by 
filtration (624 mg) and recrystallized from ether-pentane to give 515 mg of 4, m.p. 
176.0-176.5” (lit.’ m-p. 171.5-172”), Ip(]L5 -47.4” (c 0.8, chloroform); R, 0.8 (solvent 
B); n.m.r. data (CDCl,): r 8.65, 8.69 (3-proton doublets, J 5 Hz, ethylidene methyl- 
groups), z 5.22-5.32 (overlapping l-proton quartets, ethylidene methine protons), 
r 7.86, 8.00 (3-proton singlets, OAc), T 4.1 (I-proton multiplet, H-l, J1,2 N 7.5 Hz). 
Calc. mol. wt., 376. Found, 361 (vapor-pressure osmometer). 

Z,3-0-Ethylidene-L-erythritoi (8). - Ten g (68.5 mmoles) of 3 in 50 ml of 
absolute ethanol was quantitatively reduced with 1.30 g (34.3 mmoles) of sodium 
borohydride as described by Barker and MacDonald’. Product 8 was recrystallized 
from chloroform-hexane, m-p. 98.5-100.5” (lit6 m-p. 99.5-100.5”), [oz]~’ - 51.1 o 
(c 0.67, water); RF 0.36 (solvent A); n.m.r. data (CDCI,): r 8.70 (3-proton doublet, 
J 5 Hz, ethylidene methyl), z 5.33 (l-proton quartet, J 5 Hz, ethylidene methine), 
7 7.69 (l-proton triplet, J, -oH, H- 1 6 Hz, C-l hydroxyl), 7 7.35 (l-proton doublet, 

Js-OH. H-S 5 Hz, C-3 hydroxyl). 
2,4-Di-0-acetyl-1,3-O-etlzyiidene-L-erytlzritol (9). - Acetylation of 8 was 

performed in the usual manner with 840 mg (5.67 mmoles) of 8,5 ml of acetic 
anhydride, and 10 ml of pyridine. The sweet-smelling, oily product was distilled at 
0.3 torr (100-l 10’) to give 400 mg of colorless oil (8); R, 0.68 (carbon tetrachloride- 
methanol, 95:5); nzZF 5.72 pm (C=O), 8.0-8.2 pm (C-O-, acetate), and 8.6-9.5 pm 
(C-O-, acetal); n.m.r. data’ (Ccl,): r 8.74 (3-proton doublet, ethylidene methyl), 
T 5.41 (l-proton quartet, ethylidene methine), r 8.00, 8.03 (3-proton singlets, OAc). 

2,3-0-Ethylidene-/3-D-erythrofziranose (IO). - The procedure followed is that 
of Van Cleve and Rist’ *_ From 4.63 g (31.7 mmoles) of 3 in 75 ml of hr sulfuric acid 
(closed flask, 4 days at 25”) was isolated 1.21 g (27%) of 10, recrystallized from 
heptane-benzene as long, white needles, m-p. 64-66” (lit.’ ’ m.p. 66-67”); [alp -66.4” 

(c 2, water); R, 0.66 (solvent A); n.m.r. data are given elsewhere’. 
1-0-Acet~~Z-2,3-0-et/zyZjdene-8_D-erytJzrofaranose (11). - A mixture of 111.5 mg 

of 10,O.S ml of pyridine, and 2 ml of acetic anhydride was set aside for 5 days at 25”, 
after which most of the pyridine and excess acetic anhydride were evaporated at 50” 
in a stream of nitrogen. The residue (106 mg, 74%) was chromatographed on 5 g of 
Adsorbosil (silica gel, Applied Science Laboratories) with ether as the eluant; 84 mg 
of 11 was recovered in fraction 1, m.p. 53.5-54.5” (lit.’ ’ m.p. 58”); RF 0.66 (solvent B); 
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;1==14 5 72 pm (C=O), 8-O-8.3 pm (C-O-, acetate), 8.7-9.0 pm (C-O-, acetal), 9.55, max - 
9.82, 10.0, 10.4, 10.95, and 11.45 pm (fingerprint region); n.m.r. data are given 
elsewhere*. 

I-Deoxy-3,5-0-ethylidene-I-vitro-D-ribitol (Sa) and -D-arabinitol (5b). - The 
following conditions were explored for reaction of nitromethane with 2,40-ethyl- 
idene-D-erythrose2-+P6 (3). In six experiments the molar ratio of reactants [sodium 
methoxide (or ethoxide)/2,4-O-ethylidene-D-erythose/nitromethane] was varied 
within the limits 1.0-1.9/1.0-l .2/l .2-10.8, respectively, and reaction times were 
varied from 5 to 24 h. No significant differences in crude yield (68-77%) or product 
quality were observed. The reaction product was always a deep bromine-red oil, which 
failed to crystallize, and consisted of two major components (5a, b) and several minor 
components (by t.1.c.). 

In a representative experiment a mixture of 10.04 g (69 mmoles) of 3, 4.75 g 
(78 mmoles) of nitromethane, and 50 ml of absolute ethanol was added to a cooled 
(5-10”) and stirred mixture of 1.50 g of sodium in 100 ml of absolute ethanol (65.3 
mmoles of sodium ethoxide). The initially formed, white salt dissolved in 20 min and 
was replaced by a pale-yellow salt and a red solution during 5 h at 25”. The pH was 
adjusted to 6 with glacial acetic acid, and the solution was evaporated under dimi- 
nished pressure (20 mm, 45”) to give 11.0 g (77%) of a deep-red oil. T.1.c. analysis 
showed two major components @a, b) and five minor contaminants_ The product 
was chromatographed on 50 g of methanol-washed Adsorbosil (chloroform-carbon 
tetrachloride and chloroform elution) to give 8.63 g (60%) of nitrodiol mixture, 
R, 0.48, 0.59 (solvent A). Repeated chromatography of small quantities of this 
material on 10 g of Adsorbosil and elution with 1% methanol-chloroform separated 
the isomers; thus 425 mg of mixture gave 227 mg isomer A and 163 mg isomer B; 
631 mg of mixture gave 387 mg of A and 221 mg of B. 

Iso??zer A (ca. 60%): m-p. 82.5-84”, [a]‘d -44.5” (c 1.9, chloroform); RF 0.59 
(solvent A); Aziz 2.88 (OH), 6.45 and 7.25 (C-NO,), 10.30, 10.65, 11.10, 11.43, 

11.90 pm; n.m.r. data (acetone-d& r 8.79 (3-proton doublet, ethylidene methyl), 
7 5.33 (l-proton quartet, ethylidene methine). 

Isomer B (ca. 40%): m.p. 86-88”, [cc]~ -6.3” (c 1.3, chloroform); R, 0.48 
(solvent B): EC! 2.88 (OH), 6.45 and 7.25 (C-NO,), 10.32, 10.65, 11.10, 11.45, 
11.90 pm; n.m.r. data (acetone-d,): 7 8.78 (3-proton doublet, ethylidene methyl), 
7 5.33 (l-proton quartet, ethylidene methine). 

Anal. Calc. for C,H, 3NOs : C, 40.58; H, 6.32; N, 6.76. Found, for isomer A: 
C, 40.60; H, 7.03; N, 6.50. For isomer B: C, 40.79; H, 6.43; N, 6.83. 

2,4-Di-O-acetyl-I-deoxy-3,5-O-etltylidene-I-nitro-~-ribito~ (6a) and -D-arabinitol 
(6b). - To 1.23 g (5.92 mmoles) of a mixture of Sa, b in a few ml of ether was added 
5 ml of acetic anhydride containing a drop of concentrated sulfuric acid. The ether 
was removed in a stream of nitrogen while the mixture was warmed on a steam bath 
(1 h)_ Heating and evaporation with portions of benzene were continued for 2 h. 
Excess acetic anhydride was decomposed by addition of methanol to the cooled reac- 
tion mixture. Acetic acid was neutralized with solid sodium hydrogen carbonate, after 
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which the benzene solution was filtered and then evaporated to give 1.49 g (72%) of a 
reddish syrup; A:$ 5.72 (C=O), 6.45 pm (C-NO& no OH or olefinic absorptions; 
t.l.c., ill-defined spots and streaking; n.m.r. data (Ccl,): z 8.69 (3-proton doublet, 
ethylidene methyl), x 4.78 (l-proton quartet, ethylidene methine), r 7.89 and 7.97 
(3-proton singlets, OAc). 

4-0-AcetyZ-l,2-dideoxy-3,5-0-efhyl~dene-~-nitro-D-e~t~o-pent-I-enitoi (7). - 
The acetylation product (1.12 g) from above was chromatographed in two parts on 
Adsorbosil with &ixtures of ether-pentane. Fractions were collected and monitored 
by t.1.c. and i.r. analysis. Fractions rich in nitroolefin (408 mg, 40%) were combined 
and rechromatographcd. Fractions containing only nitroolefin were combined to give 
276 mg (27%) of a pale-yellow syrup, which subsequently crystallized, 7, m-p. 63- 
65”, [orIf: -92.8” (c 3, benzene); RF 0.69 (solvent B); 1;:: 5.72 (C=O), 3.3,6.01,10.42 
(-CH=CH-, ~RZLY), 6.55 pm (= CH-NOp); n.m.r. data are reported elsewhere’. 

Anal. Calc. for CgH,,NOB: C, 46.75; H, 5.67; N, 6.06. Found: C, 47.16; 
I-I, 5.70; N, 6.03. 

2,3,4,5-Tetra-O-acetyZ-l-deoxy-l-nitro-D-arabinitoZ (12). - Without isolation 
of intermediates, this nitro tetraacetate was prepared from 3 in poor yield3. From 
20.05 g (138 mmoles) of 2,4-O-ethylidene-D-erythrose (3) was obtained 23.88 g (50%) 
of red, syrupy tetraacetate (12 and, presumabIy, the ribitol isomer). The syrup was 
dissolved in chloroform and hexane was added to turbidity. The solution deposited 
1.19 g (2.5% from 3) of crystals during several weeks at - 10”. Two crystallizations 
from chloroform-hexane gave 516 mg of 2,3,4,5-tetraacetoxy-1-nitropentane, m.p. 
11 l-l 12” (liL3 m-p. 64-65”, ribitol isomer; m-p. 123-125”, arabinitol isomer 12), 
presumably a mixture of isomers. The tetraacetate was chromatographed on 
Adsorbosii and recovery was nearly quantitative, demonstrating that dehydro- 
acetoxylation of 12 does not occur on the column. Crystalline material isolated from 
the chromatographic fractions had m.p. of 123-127”, 125-128”, and 132-135” and 
positive specific rotations, data which are consistent with the arabinitol derivative3 12. 
No material was isolated having m.p. < 110”. The i.r., n.m.r., and t.1.c. data on the 
different fractions were identical; 1,,, CHCi3 5.72 (C=O), 6.45 pm (C-NO,); [LX]:: + 16.5” 
(c 1.4, benzene); R, 0.65 (solvent B); n.m.r. data are reported elsewhereS. 

3,4,5-Tri-O-acetyZ-I,2-dideoxy-l-llitro-D-er~o-pent-Z-enitoZ (13). - Dehydro- 
acetoxylation of 12 was carried out with three bases. 

(a) Sodium hydrogen carbonate. A mixture of 45 mg of 12, 100 mg of sodium 
hydrogen carbonate, and 4 ml of benzene was refluxed for 2.5 h. I-r. analysis of 
samples removed at 45-min intervals showed essentially no reaction. 

(b) Potassium carbonate. To the reaction mixture from (a) above was added 
75 mg of potassium carbonate. The reaction mixture was refluxed for 4 h. 1-r. moni- 
toring of the 6.45 pm (C-NO?) and 6.55 ,um (= C-NO,) bands at intervals indicated 
that dehydroacetoxylation was complete in 2 h. Decomposition of the olefin occurred 
at longer reflux times. The yield of 13 after chromatography of the product on 
Adsorbosil was 23 mg (62%). 

(c) Sodium carbonate. A mixture of 100.4 mg of 12 in 2 ml benzene and 107 mg 
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of sodium carbonate was refluxed for 7 h before dehydroacetoxylation was complete; 
yield 77 mg (93%, crude), after chromatography on Adsorbosil, 63 mg (76%). 

The reactions with the two carbonate bases were repeated under identical 
conditions for comparison of relative reactivities of base. The tetraacetate (12, 
75.0 mg) was dissolved in each of two 5.&l-ml portions of benzene (43 mu in 12). The 
solutions were heated to 70.0-t_ LO”, and 119.0 mg of potassium carbonate was added 
to one solution while 91 .O mg of sodium carbonate was added to the second. Aliquots 
(0.25 ml) were removed at 15-min (K&O,) and 60-min (Na,CO,) intervals, and the 
absorbances of the -C=O (&o), -CH2N02 (ACHZNo2), and =CHNO, (A=,,,& 
groups were determined and normalized (A,=, = 1.000). The results were plotted as 
in Fig. 2 and as log AJA,, versus time, where At/A0 is the ratio of ACHxNo2 at times t 
and zero. The latter plots were not linear, the rate of olefin formation increasing with 
time. 

Physical data for 13: m.p. 61-62” (lit.3 63-65”), [a]“6 +3.4O (c 1.8, benzene); 
RF 0.67 (solvent B); 12: 5.72 (C=O), 3.3, 6.01, 10.42 (-C=C-, frans), and 6.55 pm 
(=CNO,); n.m.r. data are given elsewhere’. 
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ABSTRACT 

The n.m.r_ spectra of six acetylated sugar derivatives are presented and com- 
pared on the basis of structural similarities due to the presence of O-ethylidene, nitro, 

or nitroolefinic groups. Definite patterns are observed in the chemical shifts of related 

protons on 1,3-dioxane rings. Chemical shifs of methyl and methine protons of O- 
ethylidene groups are quite insensitive to structural variations. Benzene-induced shifts 
relative to carbon tetrachloride or chloroform-d are presented. Shielding values (d) 
associated with O-acetyl and O-ethylidene groups are discussed, and a structure is 
postulated for the benzene-2-methyl-1,Zdioxane collision complex. 

INTRODUCTION 

In the preceding paper’ we described the preparation of 4-0-acetyl-1,2- 
dideoxy-3,5-U-ethylidene-l-nitro-D-eryftzro-pent-l-enitol (3). Compounds prepared 
in the study (1-6) were characterized by analysis of their n.m.r. spectra. Limited 
information is available on the n.m.r. spectra of O-ethylidene derivatives2”4 
(2-methyl-1,3-dioxanes or 2-methyl-I,3-dioxolans) although the literature on other 
O-alkylidene or O-arylidene derivatives is rather extensive, if not detailed’-13. 
Similarly, n.m.r. data for nitroalkanes and nitroalkenes are limited to a few re- 
ports’4-1’. 

In this paper we comment upon some of the features of the n.m.r. spectra of 
l-6, and relate our observations on the chemical shift displacements induced by 
benzene-d, relative to carbon tetrachloride or chloroform-d. To identify the com- 
pounds, unequivocally, names are given in the text based on accepted carbohydrate 
nomenclature. However, it should be noted that numbering of the O-ethylidene 
compounds, 1-4 (Scheme l), is not based on carbohydrate rules. This numbering 
system that is used in the accompanying tables, figures, and discussion, permits ready 

*A preliminary account of part of this work has been given: K. D. CARL&N, C. R. SMITH, JR, AND 
I. A. WOLFF, Abstracts Papers Amer. Chem. Sot. Meeting, 156 (1968) Garb 18. 

*resent address: Eastern Regional Research Laboratory, Philadeiphia, Pa., U. S. A. 
9Thi.s is a laboratory of the Northern Utilization Research and Development Division, Agri&tu& 
Research Service, U. S. Department of Agriculture. 
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reference to related protons in different molecules that occupy similar or identical 
chemical and magnetic environments. 

40 R=H I 
I 

H4C-OAc 
4b R=Ac 5 C+OAc 

I 
5 =CH20Ac 

6 
Scheme 1. 

RESULTS AND DISCUSSION 

The n.m.r. parameters for l-6 are given in Tables I-III. In general, most of the 
protons resonate at slightly lower field in chloroform-d relative to carbon tetra- 
chloride. Much larger solvent shifts, usually but not always upfield, are observed in 
benzene-d, and these are considered below. 

Several generalizations can be made from the data in Tables I and II. It is 
apparent that the 1,3-dioxanes (l-3) exist in rigid chair conformations; for example 
the large values for J4n,S and Jss6 (as well as J6,7 and JTB8 in l), and the chemical-shift 
difference between H4a and H4e (0.64-1.16 p-p-m.) in the dioxanes are consistent 
only with noninverting six-membered rings 18--22. The 0-ethylidene methyl- and 
methine-proton signals observed for seven derivatives (including 14) are relatively 
insensitive to molecular structure, appearing as high-field doublets (r 8.69 kO.03) 
and low-field quartets (z 5.33 +0.04), respectively, in carbon tetrachloride and 
chloroform-d (t 8.79 +0.03 and 5.68 +O.ll in benzene-d,)*. The chemical shifts of 
the C-4 protons of 1-3 also are relatively insensitive to structural features [H4a, 
7 6.62 kO.06 (Ccl,, CDC13), 7 6.94 +O.ll (C6Ds); H4e, z 5.83 20.07 (CC14, 
CDCl,), 7 5.97 kO.09 (C,D,)]. Finally, in compounds l-3 the following characteristic 
patterns are observed: H4a resonates as a high-field 1:2:1 triplet (since J4=+ N 
J4&, H4e as a low-field doublet of doublets, and H-5 as a sextet (since J4n,S N- J&. 

The anomeric proton (H-9e) of 1,2,3-tri-O-acetyl4,6-0-ethylidene-c+D- 

*We assume that the methyl group has an equatorial configuration, an assumption which is consistent 
with considerations of tke relative stabilities of axial and equatorial methyl groups on the 1,Sdioxane 
&&b.ZO_ 
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TABLE II 

COUPLING CONSTANTS (a FOR 1,3-0-ETHYLIDENJZ DERlVAm 

conlpoulld 3 z&n3 J4,,4, J4*,5 54,.5 J5,6 J&7 J7,8 Js,s 

1 5.0 -9.8 9.5 4.8 9.5 9.8 10.0 3.8 
2 5.0 - 10.0 10.0 5.0 10.0 3.0b 

5.0 
3 5.0 -10.5 9.5 5.0 9.5 1.0-1.5 c 
4a 5.0 -lO.Od zoo 2.v 6.0 0.0 
4b 5.0 -IO.@ 3.55 OS 6.0 0.0 

uObserved splittings in Hz, at 100 MHz. Protons are numbered according to Scheme 1. bJ6.7 and 
Je,7-. CNot observably coupled. dJLlo,,,n60. eJbzo,s. fJmao,s_ 

glucopyranose (1) resonates as a doublet at r 3.79 (CDCl,). The low-field position 
and the small splitting (J8,9 3.8 Hz, Table II), in conjunction with the low-field axial 
O-ace@ methyl at o 7.87, are consistent with the cz-co&uration18c~1g. The #?-isomer 
was detected as a contaminant in the n.m.r. sample of 1 by the appearance of a weak 
doublet at z 4.30 (J8,s 7.5 Hz, axial anomeric proton)‘8c. 

The spectrum of 2,4-0-acetyl-1,3-0-ethylidene-L-erythritol (2) is shown in 
Fig. 1. Many of the features noted above are readily apparent; for instance the 
ethylidene methyl doublet and methine quartet, H-4a triplet, and H-5a sextet. Note 

C”+&+ 
ACO-yiz H 

2 

, I I I 1 

5 6 7 8 9 
Parts Per Million 13-l 

Fig. 1. N. m.r. spectrum of 2,4-di-O-acetyl-1,3-O-ethylidene-L-erythritol (100 MHz, GD5). 

that H-6 appears as an octet because of unequal spin-coupling with the C-7 methylene 
protons (J6,, 3.OHz, J6,,. 5.0 Hz). The magnitude of these coupling constants 
indicates preference for an approximately gauche relationship between H-6 and each 
of the C-7 protons in the favored rotational conformation. 

Curbohyd. Res., 13 (1970) 403-415 
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- 

d 

cu+l 

A - in GllCl3 

l....,....I....,....I. ..,....I. .( ,.. , I I 

3 4 5 6 7 8 9 
Parts Per Million 1-r) 

Fig. 2. N.m.r. spectra-of nitro acetates: A, CDCls ; B and C, CeDs (100 MHz). 

The spectrum of 4-U-acetyl-l,2-dideoxy-3,5-O-ethylidene-l-nitro-D-eryrlzro- 
pent-I-enitol(3) is shown in Fig. 2C. The olefinic protons, although trans and therefore 
subject to strong spin-spin coupling, are not observably coupled in any of the three 
solvents since they have identical chemical shifts. The small vicinal coupling between 
H-6 and H-7 (J6,, 1.5 Hz, Table II) and the lack of allylic coupling between H-6 and 
H-S suggest that H-6 preferentially lies near to, or in the plane of, the double bond; 
that is, perpendicular to the z-orbit& on the time average23-25. The solvent depend- 
ency of allylic coupling-constants has been interpreted as due to changes in rotamer 
populationP, and allylic coupling-constants have been observed to diminish as 
rotamer populations were changed by substitution of bulky groups on the allyiic 
carbon atom23. In 3 no difference was observed in the olefinic-proton region of the 
spectrum in any of the three solvents, although formation of a complex between 3 and 
benzene might have been expected to alter the equilibrium distribution of rotamers 
and thus alter the spectrum. These observations are consistent with restricted rotation 
of the olefinic group as a result of steric interactions with the dioxane ring, or elec- 
tronic interactions (dipole-dipole) with the neighboring acetate group, or both. 

The spectrum of the acyclic nitroolefin, 3,4,5-tri-O-acetyl-l,Zdideoxy-I-nitro- 

Carbofryd Res., 13 (1970) 403415 
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D-erythro-pent-1-enitol (6, Fig. 2B) in benzene-d,, shows a significantly different pat- 
tern for olefinic protons. H-l and H-2 are not magnetically equivalent in thiscom- 
pound and are observably coupled (J1,Z 13.4 Hz, Table III). Furthermore, the vicinal 
coupling-constant (J2,3 5.1 Hz) is about four times larger in 6 than in 3, and the 
allylic coupling-constant (J1 ,3 -0.6 Hz, negative sign assnmed23-26) is readily 
discernible on an expanded scale (sweep width of 50 Hz). The allylic coupling- 
constant is about one-half the magnitude of values reported for rigid steroidal 
systems24 in which the allylic hydrogen and the n-orbitals of the double bond are 
eclipsed. Thus, there is significant allylic coupling of H-l and H-3 through the x- 
system of the double bond of 6. It is noteworthy that J1,3 = J2,3 N 0 for 6 in carbon 
tetrachloride. The spectrum consists of a distorted AB quartet due to coupling between 
the magnetically nonequivalent H-I and H-2. Apparently the two nitroolefins (3 and 
6) adopt closely related rotational forms (relative to the double bond and H-3) in 
carbon tetrachloride, but different conformations in benzene-d,. In other words, 
rotamer populations for 6 are solvent-dependent, and formation of a stronger complex 
with benzene-d, is suggested for this oleiin. 

The three acetate methyl resonances of 6 are clearly observed. The C-5 
methylene protons are part of an ABX pattern with H-4 and are nonequivalent in the 
two solvents used. Signals for H-3 and H-4 are multiplets simplified by line-overlap to 

six-line patterns. The magnitude of J3,4 (4.4 Hz) is indicative of a favored conforma- 
tion in which H-3 and H-4 are gauche”. 

Analysis of the spectmm of 2,3,4,5-tetra-O-acetyl-l-deoxy-l-nitro-D-arabinitol 
(5) in chloroform-d (Fig. 2A) is straightforward. Both groups of methylene protons at 
C-l and C-5 are magnetically nonequivalent, giving rise to ABX patterns with H-2 
and H-4, respectively. These last two protons are also coupled to H-3, and H-2 
resonates as the low-field septet (octet, middle lines overlap) and H-4 as a distorted 
doublet of triplets (octet, lines 2,3 and 6,7 overlap). The large coupling between H-3 
and H-4 (J3,4 9.3 Hz) indicates that the molecule favors a conformation in which 
H-3 and H-4 are antiperiplanar, whereas the small coupling between H-2 and H-3 
(J2.3 2.5 Hz) signifies that these protons favor a gauche or synclinal arrangement2’. 
The spectrum of 5 in benzene-d, is considerably more difficult to analyze because of 
overlap between signals for H-3 and H-4 and between signals for the two methylene 
groups. 

The loo-MHz n.m.r. spectra of the erythrofuranose derivatives (4a, b) are 
shown in Fig. 3. Some n.m.r. data for 2,3-O-ethylidene-B-D-erythrofuranose (4a) 
have been reported by Van Cleve and Rist ‘* The p-configuration at the anomeric . 

center is shown by the appearance of the H-7 signal as a singlet in both 4a and 4b 
(J6,, 0 Hz, and the dihedral angle between H-6 and H-7 is about 90°) and confirmed 
by the doublets for H-6 due to coupling only with H-5. In the alcohol (4a), H-5 is 
coupled equally with the magnetically equivalent H-4,,, and H-4d0 (Js,4er0 = 
J 5,4endo = 2.0 Hz) as indicated by the doublet of triplets at z 5.40. Appropriately the 
C-4 methylene protons resonate as a two-proton doublet. These observations imply 
that each five-membered ring is twisted from a planar conformationzg so that the 

Curbohyd. Res., 13 (1970) 403415 
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1 I I...., I 1 . I..., 

4 5 6 7 8 9 
Parts Per Million [r] 

Fig. 3. N.m.r. spectra of p-D-erythrofuranose derivatives (100 MHz, Ccl.& 

C-5-H-5 bond bisects the geminal H-C-H angle at* C-4. In the acetate 4b however, 

H-5 (doublet of doublets at ‘c 5.38) is coupled only to H-4,,, (doublet of doublets 

at ‘t 6.17). Thus the degree of twist and hence the conformation of the acetate must 
differ significantly from the alcohol. 

The endo assigment of the methyl group of 4 is based largely on the work of 
Baggett and coworkerslo who established from n.m.r. data the endo-phenyl con- 

figuration for 2,3-0-benzylidene-p-D-erythrofuranose, which they isolated from 
acid-catalyzed rearrangement of 2,4-0-benzylidene-o-erythrose. We assume that the 

same stereospecificity obtains in the rearrangement” of 2,4-0-ethylidene-D-erythrose 

to give 4a. The configuration could be established unequivocally if the exe-methyl 
isomer of 4 were availableti*‘*lO. H owever, the benzene-induced shifts of the signals 
of the ethylidene methyl and methine protons are consistent with the endo assignment 
(uida infia). 

Solvent eficts and benzene-induced shifts. - A considerable body of literature 
has been compiled in the past few years concerning the solvent shifts of proton 
resonances induced by benzene (relative to carbon tetrachloride or chloroform) and 
the significance of these shifts as applied to structural, stereochemical, and confor- 

mational problems30-3g. The polarizable electron-cloud of benzene is considered to 
interact with polar sites in solute molecules via an induced dipole-dipole mechanism3’ 

involving transient complexes in which the benzene ring is as far from the negative 

end of the local (or molecular) dipole as possible. 

Shielding data [d = d$2{cDc1,) = z,-$s-rcc14(cDciJ)] for l-6, are listed in 
Tables I and III. Shielding values derived from spectra obtained in chloroform-d are 

*Alternative explanations, where q~s,4~~ # q~s,g~,,d,, and Js.ezo = Js,4cnao = 2.0 Hz, are difficult 
to visualize. 
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generally about 0.05-0.10 p.p.m. larger than those derived from carbon tetrachloride; 
that is, chloroform deshields a proton relative to carbon tetrachloride’*. 

Anderson4’ and Cookson, Crabb, and Vary22 have commented on benzene- 
induced shifts in various alkyl substituted 1,3-dioxanes of the type :shown in Scheme 2, 

R s:t-Su, iso-Pr,Et,Me 

R,,R2.R3,R4 may be:H,Me,or Et 

including several 2-methyl-1,3-dioxanes (7-9, numbers are d - 102, p.p.m.). Anderson4b 
concluded that benzene and 1,3-dioxanes interact to give specific, but weak, 1:l 
complexes, but he did not decide whether the benzene molecule lies “above” (as in 

7 8 9 

Scheme 2) or “below” the solute molecule. We conclude from Anderson’s data4’ and 
our own that a collision complex of the geometry represented in Scheme II is useful 
for predicting and understanding solvent shifts in 1,3-dioxanes. We assume that the 
electron cloud of benzene interacts with the positive end of the dipole so that the plane 
of the aromatic ring preferably is perpendicular to the molecular dipole moment3’. 

In Scheme 2 we have drawn a reference plane parallel to the aromatic ring and 
passing through the oxygen atoms of the dioxane-ring. Any shift of the benzene ring 
is reflected by a corresponding shift of the reference plane. In the parent molecules 
(RI-R4 = H) any proton above the plane is shielded, protons below the plane are 
deshielded, and protons in or near the plane suffer small shielding or deshielding 
effects. Thus, R is strongly deshielded and H-2 weakly deshielded (or shielded), 
whereas protons at C-4, C-5, and C-6 are strongly shielded (RI-R4 = H, Scheme 2; 
see 7)4b. As RI-R4 are changed from hydrogen to methyl (e.g., 7-9) the shielding of 
R and H-2 are not greatly affected, but protons at positions 4-6 are less strongly 
shielded than in the parent dioxanes 4b That is, there appears to be a moderate steric . 

Curbohyd Res., 13 (1970) 403415 
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effect arising from a greater mean separation of the benzene and dioxane molecules in 
the collision complex as RI-R,* are made bulkier*_ On the other hand, the steric bulk 
of R has little effect on the shielding values for any of the protons_ From Anderson’s 
data4b then, we can define an order of shielding values for protons of the parent 
(R = alkyl, RI-R_, = II) and alkyl-substituted dioxanes (R, RI-R4 = alkyl) as 
follows: dR4 > .4R, > dR1 > AR,. It appears that the model will serve well for those 
dioxanes substituted with nonpolar groups (H, alkyl). 

In l-3 additional sites for formation of a complex with benzene are afforded by 
the polar substituents. A pattern of shielding similar to that outlined above is followed 
(H-4as H-6a >H-4e >H-5a), except that the ethylidene methyl group is weakly 
shielded (0.04-0.18 p.p.m_) and H-2 is strongly shielded (0.27-0.57 p.p.m.). The 
implication is that the shielding cone of benzene lies nearer to the ethylidene carbon 
atom in these molecules. The strength of this shielding, which is also reelected by 
other protons in l-3, depends strongly upon the substituent at C-6. Association of 
benzene with substituents in the side chain thus modifies shielding values associated 
with the 1,3-dioxane ring. 

Evidence for a shift in position and plane of the benzene ring in the interacting 
complex, when additional dipoles are introduced, is given by the shielding parameters 
(A C6Ds ) CDCIa associated with 1,3:2,Pdi-O-ethylidene-erythritol (10, numbers are d - 102, 
p.p.m.). The molecule has a center of symmetry and the dipoles in the two halves of 

the moIecuIe are parallel and opposite in orientation. The most strongly shielded 
protons now are the ethylidene methines (H-2, H-2’, d - 10’ = 21 p.p.m.). The 
benzene molecules that interact on opposite sides of the molecule with the two dipoles 
are forced away from the positive dipole term% toward the ethylidene carbons by the 
negative dipole termini in the other ring. Since there is solvent-solute interaction on 
both sides of the hypothetical plane (passing approximately through the four oxygen 
atoms) all protons are shielded_ 

From the shielding parameters for 1-O-acetyl-2,3-O-ethylidene$-D-erythro- 
furanose (4b; numbers are A - 102, p.p.m.) it is apparent that benzene associates with 
the molecule from the “top” (convex) side. Only the anomeric proton is desbielded, 
due to specific association of benzene with the acetate carbonyl group3’. The 
shielding values for the exo (0.22) and endo (0.05 p.p_m_) C-4 methylene protons lend 
credence to the configurational assignment at the ethylidene carbon; that is, the exo 

*For an alternative interpretation, see reference 4b. 
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methine proton is shielded more strongly than the endo methyl protons (0.17 versus 
0.08 p.p.m.). 

42 

4b 

The ready solubility of polyacetates, such as 5 and 6, in benzene indicates 
significant solute-solvent interaction associated with the carbonyl group. Shielding 
values of 0.25-0.45 p_p.m. have been reported for acetate methyl protons37-40, and 
comparable values are found for l-6 (Tables I and III). The presence of a nitro group 
(3,5,6) leads to somewhat larger shielding values (0.40-0.60 p.p.m.) for the acetate 
methyl protons. Strong association between benzene and the nitro gr0r.1~~~ is also 
evidenced by the greater shielding of the C-l methylene protons of 5 (versus the C-5 
methylene protons), the olefinic protons of 6, and the ring protons of 3 (relative to 1 
and 2). 

In rigid systems, methine protons of secondary acetates usually are deshielded 
in benzene relative to inert solvents (A = -0.10 to -0.27 p.p.m.)37V3g.40. Similar 
values are recorded in Table I for the appropriate methine protons of 1, 2, and 4 
(A = -0.17 to -0.43 p.p.m.). Desbielding of these methine protons may result from 
(i> proximity of the proton to the deshielding region of the complexed benzene 
molecule(s) or (ii) a preferred conformation in which eclipsing of the proton and the 
acetate catbonyl occurs through an orientation effect within the benzene-solute 
collision complex. The second explanation seems most plausible, since steric and 
electronic (dipole-dipole) interactions between neighboring acetate groups are likely 
to restrict rotation of the 0-acetyl groups in these rigid ring systems. In acyclic systems 
such as 5 and 6, rotational restrictions may be less pronounced and averaged shielding 
values for the methine protons might be expected to be more positive. The shielding 
data of Table III show that the acetate methine protons of 5-6 may be strongly 
shielded, weakly desbielded, or affected little by solvents. These results suggest time- 
averaged shielding values resulting from the various rotational forms of the 0-acetyl 
groups. 

Culvenor4’ has discussed the so-called “acylation shifts” of carbinol methine 
protons that occur upon acetylation of alcohols. These shifts are attributed to 
carbonyl deshielding, and their magnitude is understandable in terms of rotational 
forms of the 0-acetyl group 42 Populations of these rotamers may be influenced by . 
the geometry of the benzene-solute complex. 

ExPERlMENTAL 

Compounds l-6 were prepared as described elsewhere’. 1,3:2,4-Di-0-ethylidene 
erythritol (10) was prepared by mixing equimolar amounts (3.4 mmoles) of 1,3-0- 

Curbohycf. Res., 13 (1970‘) 403415 



414 K. D. CARLSON, C. R. SMITH., JR, I. A. WOLFF 

ethylidene-L-erythritoll and paraldehyde with a trace of sulfuric acid. The mixture 
was left in a closed flask for 2 days at 25”. The acid was neutralized with sodium 
methoxide in methanol, the solvent evaporated, and the organic residue extracted 
with chloroform. Evaporation of the chloroform and sublimation of the residue gave 
18 mg of white, waxy solid, m.p. 86-89O. The lOO-MHz n.m.r. spectrum of 10 in 
chloroform-d (benzene-d,) showed at Zproton quartet at z 5.29 (z 5.50) for the 
ethylidene melihine protons, a six-proton doublet at z 8.76 (r 8.78) for the two 
ethylidene methyl groups, a two-proton multiplet centered at z 5.99 (T 6.04) due to the 
axial protons of the two methylene groups, and a four-proton multiplet centered at 
r 6.56 (z 6.64) due to the remaining protons. The symmetry features of 10 are exempli- 
fied by the simplicity of the n.m.r. spectrum. 

W.m.r. spectra were obtained with a Varian Associates HA-100 instrument*, 
and chemical shifts (T) are given relative to internal tetramethyIsilane standard. 
Spectra were obtained in carbon tetrachloride, chloroform-d, and benzene-d6 on 
0.2-0.4~ solutions at an operating temperature of 31” and a sweep width of 50-250 Hz. 
Chemical shifts and coupling constants were determined either from &St-order 
analyses or from appropriate ABX approximations43. Calculated and observed 
parameters agreed reasonably well with one another. Proton assignments are based 
on expected chemical shifts and the interreIation of spin-spin coupling constants as 
determined by double resonance techniques. 
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ABSTRACT 

Condensation of tetra-U-acetyl-ar-D-glucopyranosyl bromide with 1,3,6,2’,3’,4’,6’- 
hepta-U-acetyl-8_maltose in acetonitrile containing mercuric cyanide and mercuric 
bromide, gave the hendecaacetates of 0-a-D-glucopyranosyl-(l-,4)-U-[a-D-gluco- 
pyranosyl-(1+2)]-#?-D-glucopyranose (8-centose) (21.3%) and the S-D-(1+2)-linked 
isomer (14.4%). The main condensation product (18.4%) obtained from the anomeri- 
tally unsubstituted p-maltose heptaacetate was identified tentatively as the hendeca- 
acetate of 0-a-D-ghrcopyranosyl-(1 -+&D-ghrcopyranosyl a-D-glucopyranoside. 

INTRODUCTION 

Centose, a reducing trisaccharide isolated from honey’, has been identified as 
O-a-D-glucopyranosyl-(l~4)-O-[a-D-glucopyranosyl-(l +2)]-D-glucose’ (1). Follow- 
ing the preparation3 of 1,3,6,2’,3’,4’,6’-hepta-0-acetyl+maltose (2), the synthesis of 
the hendecaacetate of 1 has been investigated by condensation of 2 and tetra-O- 
acetyl-a-D-glucopyranosyl bromide under conditions which result in the formation of 
2-U-glycosyl-Dglucopyraranose acetates from the anomeric 1,3,4,6-tetra-U-acetyl-D- 
glucopyranoses and acetylated glycosyl bromide& ‘. 

DISCUSSION 

Condensation of 1.3,4,6-tetra-O-acetyl-a-D-glucopyranose and tetra-O-acetyl- 
a-D-glucopyranosyl bromide in acetonitrile containing mercuric cyanide and mercuric 
bromide occurs almost completely, and leads6 to the formation of approximately 
equal quantities of the a-octaacetates of kojibiose (2-O-a-D-glucopyranosyl-D- 
glucose) and sophorose (2-O-B-D-glucopyranosyl-D-glucose)’. Treatment of the 
heptaacetate 2 with tetra-0-acetyl-a-D-glucopyranosyl bromide under similar 
conditions resulted in incomplete conversion into the two isomeric trisaccharide 
acetates containing an a- and a /3-o-(1--*2) glycosidic bond, respectively. Even under 
the most satisfactory conditions attained, the heptaacetate 2 and the trisaccharide 
products were all present in the reaction mixture in approximately equal proportions, 
indicating that only ca. 50% of 2 had undergone the desired condensation. Control 
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experiments with 1,3,4,6-tetra-U-acetyl-/?-D-glucopyranose confirmed the markedly 
. higher reactivity of HO-Z in this compound. 

In the separation by t.1.c. of the anomeric peracetates of D-glucose, maltose, 
and cellobiose, Tate and Bishop7 have found that, for each pair, the p-acetate is 
slightly more mobile than the cr-anomer. The same order of separation is obtained’ 
with acetone-benzene, and the observation has been extended to the anomeric octa- 
acetates of kojibiose and sophorose. However, the reverse behaviour has been noted’ 
for the heptaacetates of 2-O-cr-L-rhamnopyranosyl-D-galactopyranose, so that there 
is no reliable rule at present. 

For octa-O-acetyl-D-glucopyranosyl-Dglucopyranoses, the presence of an 
a-interglycose linkage confers a higher chromatographic mobility, at least with 
the (l-+2)- and (l-+4)-linked compounds. Thus, the octaacetate of @-maltose is more 
mobile than that of &cellobiose7, and octa-0-acetyl+?-kojibiose is more mobile 
than octa-0-acetyl+sophorose. By analogy, the more-mobile reaction product 3 
obtained in the present study was tentatively considered to be the /3-hendecaacetate 
of 1, and the slightly less-mobile product 4 to be the /?-hendecaacetate of the B-D- 

(I +2)-linked isomer 5. 
The trisaccharide acetate 3 failed to crystallize, but, after purification by t.l.c., 

4 was obtained crystalline. Initially, when hepta-acetate 2 of low m-p. was employed, 
a crystalline product 6 was obtained, which was slightly less mobile than, but only 
partially separable from, 3 during t.1.c. The compound was subsequently identified as 
a non-reducing trisaccharide acetate which was formed by condensation of tetra-O- 
acetyl-E-D-glucopyranosyl bromide with 2,3,6,2’,3’,4’,6’-hepta-0-acetyl-/&maltose 
(7), present as an impurity in 2. This was confirmed by employing authentic 7 for the 
condensation. 

The i.r. spectra of 3, 4, and 6 showed slight differences in the 900-1240 cm- 1 

region, but were almost identical over the range 400-4000 cm- ‘. In the n.m.r. spectra 
of 3 and 4 in chloroform-d, the signals for H-I appeared as doublets at r 4.34 (J1,2 
7.8 Hz) and 4.27 (J1 ,z 7.0 Hz), respectively, characteristic3*’ of the P-D configuration 
at C-l. By contrast, in 6, in which a glycosyloxy instead of an acetoxyl residue occurs 
at C-l of the maltose unit, the signal for H-l occurs further upfield, and could not be 
identified with certainty. 

Compounds 3,4, and 6 were deacetylated to give the trisaccharides 3a, 4a, and 
6a. The identification, in each case, of residual trisaccharide after treatment of 3a, 4a, 

and 6a with ca. 0.1~ hydrochloric acid in boiling ca. 25% (v/v) aqueous methanol for 
1 h eliminated the possibility of orthoester linkages in any of the compounds”. The 
three products formed from each trisaccharide were isolated and identified as crystal- 
line peracetates. In addition to /?-D-glucopyranose pentaacetate and octa-0-acetyl-p- 
maltose, octa-0-acetyl-/?-kojibiose was obtained from 3a, octa-0-acetyl+sophorose 
from 4a, and cx&trehalose octaacetate from 6a. 

The rates of enzyme-catalyzed hydrolysis of 3a, 4a, and 6a by amylo- and 
IF-D-glucosidase were monitored by t.l.c., and compared with those of kojibiose, 
maltose, and sophorose controls. Although the amyloglucosidase employed in the 
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present study rapidly hydrolysed maltose over a wide pH range (2.~8.3), hydrolysis 
of kojibiose was only observed below pH 5.5, and did not occur under the conditions 
previously described’. Under the conditions of the present study, maltose was 
completely hydrolyzed within 2 h, whereas residual kojibiose was still apparent 
after 48 h (Table I). In addition, hydrolysis of sophorose occurred at approximately 
the same rate as that of kojibiose, particularly during the first 24 h, so that a- and 
P-D-(1 +2) glycosidic bonds could not be reliably differentiated. Despite these findings, 
differences in the rates of arnyloglucosidase-catalyzed hydrolysis of 3a, 4a, and 6a 
were observed. Thus, glycosidation of maltose at C-2 retarded the rate of hydrolysis of 
the a-~-(1+4) glycosidic bond in both 3a and da, but, contrary to expectation, the 
effect was very much more pronounced in the a- than in the p-D-(1+2)-linked isomer. 
After enzyme treatment for 4 h, analysis revealed only a trace of residual 4a whose 
identity as the B-D glycosidically bonded isomer was confirmed by the identscation 
of sophorose as the disaccharide formed. Unhydrolyzed 3a, on the other hand, was 
still clearly apparent after a reaction time of 48 h, and at no stage was the intermediate 
disaccharide (identical with kojibiose by chromatography) present as more than a 
minor constituent of the reaction mixture, indicating that the resistance to enzymic 
hydrolysis of the a-D-(1 44) glycosidic bond in 3a is of approximately the same order 
as that of the C+D-(1+2) bond in kojibiose. Compound 6a was completely hydrolyzed 
to D-glucose and a disaccharide within 2 h. The disaccharide was inseparable from 
maltose or kojibiose by t.l.c., but could be distinguished from these compounds, not 
only by its intermediate rate of hydrolysis (Table I), but also by its negative reaction 
towards aniline hydrogen phthalate ’ l. 

TABLE I 
AhlYLOGLUCOSlDASE-CATALYZED HYDROLYSIS OF D-GLUCOSE OLIGOSACCHARIDES IN ca. 1.2&l ACETATE 

BUFFER @H 3.6) AT 36” 

Compound Product formed The (II) 

2 4 9 24 48 

3a 

4a 

tia 

Kojibiose 

Maltose 

Sophorose 

Kojibiose 
o-Glucose 

Sophorose 
D-Glucose 

Disaccharide 
~-Glucose 

D-Glucose 

D-Glucose 

D-Glucose 

++-I- 

trace 
trace 
+ 
-t-k 
+ 

++-!- 
trace 
trace 
trace 
++-I- 
-I-+ 

- 
- 
++-l- 
+++ i-++ 

- 

+++ 
+ 
+ 
- 
C-6 
++ 
- 

+ 

+-I-+ 
+-I-+ 

trace 

+++ 
trace 

++ 
+ 
++ 
- 
++ 
++ 

trace 
+++ 
++ 
i-f 

+-I- 

++ 

+ 
trace 
++-!- 

+- 
+++ 

- 

+++ 
f 
+++ 

++ 
i-f 
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In experiments with /%D-ghxcosidase, sign&ant hydrolysis of both maltose and 
kojibiose was apparent after 9 h and 24 h, respectively (Table II), but enzyme 
specificity is maintained during at least a 4-h reaction period (Table II), and the 
hydrolysis of 4a to D-glUCOSe and a disaccharide identical with maltose by chromato- 
graphy accords with the structure 5 proposed for this trisaccharide. Similarly, the 
complete resistance of both 3a and 6a to hydrolysis by /?-D-giucosidase during 4 h is 
in agreement with the formulation of 3a as 1, and indicates that 6a also does not 
posess a terminal B-D-glucosyl residue. 

TABLE II 

~-GL~COSIDAS~-CAT~~ZEDH~~OLYS~~PD~~~~OS~O~~SACC~~~CLI. 1.2M A~FXATJ~BUFFER 
@H 3.6) AT 36” 

Compound Product formed Time (h) 

2 4 9' 24 

3a 

423 

6a 

Kojibiose 

Maltose 

Sophorose 

Disaccharide 
D-Glucose 

Maltose 
D-Glucose 

Disaccharide 
D-Glucose 

D-Glucose 

D-Glucose 

D-Glucose 

+++ 
- 

+ 
++ 
+ 
+++ 
- 
- 
+++ 
- 
+++ 
- 
- 
+++ 

+i-+ 
- 
- 
trace 
++ 
++ 

+++ 
- 
- 

+++ 
- 

+++ 
- 

+++ 
trace 
+ 
- 
++ 
+-I- 
f-f-+ 
trace 
trace 
f-k+ 
trace 
++ 
+ 

++ 
+ 
++ 

+ 
+++ 
++ 
+ 
++ 
++ 
+ 
+ 
+++ 

In extending Klyne’s rule ’ ’ to calculation of the optical rotations of peracetates 
of D-glucopyranose trisaccharides, the value for the aglycone has been replaced by 
that of the corresponding anomeric form of penta-O-acetyl-D-glucopyranose. The 
molecular rotation of the trisaccharide acetate is thus considered to be equal to the 
sum of the molecular rotations of the D-glucopyranose pentaacetate13 and the two 
relevant methyl D-glucopyranoside tetraacetates 14. Calculated by this procedure, the 
optical rotations of the p-hendecaacetates of 1 and 5 are in good agreement with the 
observed values for 3 and 4, respectively (Table III). Similarly, of the calculated 
values for the four possible isomeric structures for the non-reducing trisaccharide 
hendecaacetate 6, that for the peracetate of O-cr-D-glucopyranosyl-(1 +4)-&D- 

glucopyranosyl a-D-glucopyranoside (3) is in closest agreement with the observed 
value (T.able Ill). This conclusion is supported by the results of treatment of the free 
sugar (6a) with amylo- and B-D-ducosidase (Tables I and II), which are also best 
accommodated by structure 8. However, the general usefulness and validity of the 
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current method of calculating optical rotation remain to be established. Previous 
authors14-16 have calculated the molecular rotations of non-reducing di- and tri- 
saccharide peracetates as the sum of the values of the acetylated methyl glycosides 
corresponding to the monosaccharide, and mono- pIus di-saccharide components, 
respectively. In the latter case, and in the case of higher oligosaccharides, a potential 
advantage of the current method of calculation is that only the rotational values of 
derivatives corresponding to the monosaccharide components are employed, and 
these are usually accurately known under the required conditions. The method is not 
intended for the accurate calculation of optical rotations, but as a simple means of 
differentiating between the anomeric forms of glycosidic bonds whose positions 
within the oligosaccharide molecule are known. For example, differentiation of the 
three isomeric trehalose octaacetates is possible, although the calculated optical 
rotations agree less satisfactorily with the observed valuesl’ than do those obtained 
by the method of Stan&k l4 Both methods of calculation are, however, empirical. . 

TABLE III 

OPTICAL ROTATXONS OF D-GLUCOSE TRISACCHARlIl E HENDECAACErATES IN CHLOROFORhf 

Compound Observed [a]* Hendecaacetate Calculated [alu 
(degrees) (degrees) 

Penta-O-acetyl- 
a-D-gkICOpyraIIOse f 10213 

Penta-O-acetyl- 
/?-D-glUCOpyFaIIOSe -l-413 

Methyl tetra-o-acetyl- 
a-D-glucopyranoside + 130.514 

Methyl tetra-o-acetyl- 
B-D-glucopyranoside - 18.214 

3 + 103.0 

4 +46.5 
6 + 101.8 

O-z-D-Glucopyranosyl-(l~)-O-[a-D- 
glucopyranosyl-(1-+2)]-/l-D-glucopyranose +99.4 

O-Z-D-GlUCOpyrallOSyl-(1+4)-O-@-D- 
gIucopyranosyl-(1+2)]-/l-D-glucopyranose +43.7 

O-CZ-D-G~UCO~~~~OQ+(~~)-CZ-D- 
glucopyranosyl a-D-glucopyranoside + 139.0 

O-C+D-G~UCO~~~UOS~~-(~+~)-X-D- 
glucopyranosyl /?-D-glucopyranoside fS3.3 

O-Z-D-GlUCOpyranOSyl-(l-+$)-p-D- 
glucopyranosyl a-D-glucopyranoside f99.4 

~a-D-GlUCOpy~nOSyl~l--t4)-~-D- 
glucopyranosyl #i-D-glucopyrauoside +43.7 

As none of the free sugars (3a, 4a, and 6a) has so far been obtained crystalline, 
characterization has only been attempted in the case of 3a, in view of the fact that its 
structure (1) has been assigned to centose ‘. The synthetic material had @]h5 + 142.3” 
(c$ + 140” for the natural product’). Assuming the same anomeric equihbrium in 
water as for D-&ICOSe, and employing the values [orfn +52.7” for D-glucose, and 
[aID + 158.9” for methyl a-D-glucopyranoside 14, the calculated [a], for structure 1 is 
+ 141.2”. A sample of natural centose was, unfortunately, not available for direct 
comparison with the synthetic product. 

EwERrMENTAL. 

General. - Thin-layer chromatography (t.1.c.) of oligosaccharide acetates was 
performed on Merck Kieselgel G with 24% (v/v) acetone in benzene, and sulphuric 
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acid as spray reagent. T.1.c. of free sugars was performed on Merck Kieselgel DC- 
Fertigplatten with 7: I:2 propyl alcohol-ethyl acetate-water and detection with aniline 
hydrogen phthalatel l and sulphuric acid. Paper chromatography and paper electro- 
phoresis of sugars were performed as described eIsewhere2, but, for paper chromato- 
graphy, the upper phase of the solvent system (A) 5:1:3:3 butyl alcohol-benzene- 
pyridine-water was also employed. General experimental methods in respect of 
preparative t.1.c. and the determination of m.ps., and i-r. and n.m.r. spectra were the 
same as in a previous investigation3. 

Heizdeca-O-acetyZ-o-a-D-gZ~copyranosyZ~I-,4)-O-[a-D-gZucopyranosyZ-(l-,Z~]-~- 

D-glucopyranose (jl-centose hendecaacetate) (3). - 1,3,6,2’,3’,4’,6’-Hepta-0-acetyl+ 
maltose3 (2; 0.38 g) was dissolved in a solution of mercuric cyanide (0.08 g) and 
mercuric bromide (O.il g) in acetonitrile (1.8 mI) at room temperature, and 2,3,4,6- 
tetra- 0-acetyl-a-D-glucopyranosyl bromide (0.40 g) was added. After 15 h at 20”, the 
solvent was evaporated, and the residue was treated with chloroform (40 ml) and 
filtered. The filtrate was washed with M potassium bromide (3 x 10 ml) and water 
(2x20 ml), and evaporated to dryness. The residue (0.68 g) was fractionated by 
preparative t.1.c. (>20 mg mixture per plate). The more-mobile product (3; 123 mg, 
21.3%), although homogeneous by t.l.c., failed to crystahise. The compound had 
[a]g -I- 103.0” (c 2.51, chloroform); ~2: 1755s, 1438w, 1372m, 1235s, 116&v, 114Ow, 
1075m (shouider), 104Os, 945w, 913w, 602~ cm- ’ ; n.m.r. data: r 4.34 (doublet, J1 ,2 
7.8 Hz, H-l): 4.47-6.42 (multiple& 20 protons); 7.90, 7.91, 7.99, 8.00, 8.01 (singlets, 
33 protons, 11 acetyl groups). 

Anal. Calc. for C4cHs402,: C, 49.7; H, 5.6; ace@, 49.0. Found: C, 49.4; 
H, 5.5; acetyl, 48.2. 

~endeca-~-ace~yZ-~-a-D-gZ~4copyra~osyZ-(~~~-~-~-D-gZucopyranosyZ-(~~2)]-~- 

D-ghcopyranose (4). - The less-mobile condensation product, separated by t.1.c. 
as described above, crystallized from ethanol to yield 4 (83 mg, 14.4O/,), m-p. 195-196”, 
[a]g +46.5” (c 2.49, chloroform); ~2:: 1755s, 1438w, 1372m, 1235s, ll7Ow, 1130~ 
(shoulder), 1075m (shoulder), 104Os, 96Ow, glow, 605~ cm-‘; n.m.r. data: r 4.27 
(doublet, JI ,z 7.0 Hz, H-l); 4.49-6.42 (multiplets, 20 protons); 7.89, 7.91, 7.99, 8.00, 
8.01 (singlets, 33 protons, 11 acetyl groups). 

Anal. CaIc. for C4aHs402,: C, 49.7; H, 5.6; ace@, 49.0. Found: C, 49.6; 
H, 5.5; acetyl, 49.2. 

Hendeca-O-acetyZ-O-a-D-gZ~copyranosyZ-(~~~-~-D-gZ~~copyranosyZ a-D-gZuco- 

pyranoside (6). - 2,3,6,2’,3’,4’,6’-Hepta-0-acetyI+maltose” (7; 0.38 g) was 
dissolved with gentle heating in a solution of mercuric cyanide (0.08 g) and mercuric 
bromide (0.11 g) in acetonitrile (1.8 ml), and, after cooling to 30”, 2,3,4,6-tetra-O- 
acetyI-a-D-gIucopyranosy1 bromide (0.40 g) was added. Further treatment prior to 
purification by t.1.c. was as described for 3. Examination of the reaction mixture by 
t.1.c. revealed the presence of at least three closely moving, condensation products, of 
which the most mobile (6) preponderated. The product 6 (0.67 g) was isolated by 
preparative t.1.c. (20 plates). After several recrystallizations from ethanol, material 
was obtained having m.p. 195-I97”, [a]:: + 101.8” (c 2.16, chloroform); ~21 1755s, 
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1438w, 1372m, 124Os, 1215s (shoulder), 117&v, 1132w, 1036s, 94oW, 4OOw, 602 cm-‘; 
n.m.r. data: z 4.55-6.17 (multiplets, 21 protons); 7.85, 7.90, 7.98, 8.00 (singlets, 
33 protons, 11 acetyl groups). 

Anal. Cab for C,,H,,O,-I: C, 49.7; H, 5.6; ace@, 49.0. Found: C, 49.5; 
H, 5.6; acetyl, 48.7. 

Deacetylation and enzyme treatments. - The trisaccharides (3a, 4a, and 6a) 
were obtained from the acetates (3, 4, and 6, respectively) as follows. Sodium 
methoxide (2.34%, 0.035 ml) was added to a suspension of the acetate (3.0 mg) in 
absolute methanol (0.1 ml). (Compound 6 required brief warming at 35” to promote 
initial dissolution.) On addition of glacial acetic acid (0.015 ml) after 20 min at room 
temperature, a clear, colourIess solution was obtained. Controls of kojibiose, maItose, 
and sophorose octa-acetates were similarly deacetylated. The methanol was evapo- 
rated, and the residue was dissolved in a solution (suspension in the case of amylo- 
glucosidase) of the enzyme (6.0 mg) in water (0.2 ml), and incubated at 36”. Reactions 
with amyloglucosidase (fungal, Koch-Light Laboratories) and /.?-D-glucosidase 
(almond, Seravac Laboratories) were monitored by t.1.c. and by paper chromato- 
graphy in solvent A. The results are summarized in Tables I and II. 

Acid-catalyzed hydrolysis. - The trisaccharide acetate (50 mg) was dissolved 
by gently heating in methanoIic sodium methoxide (0.47%, 0.5 ml). After 20 min at 
room temperature, aqueous hydrochloric acid (ca. 0.15~, 1.5 ml) was added, and the 
solution was boiled under reflux for 1 h, cooled, neutralized with methyl di-n-octyl- 
aminelg, and evaporated to dryness. The residue was boiled for 3 min in acetic 
anhydride (0.6 ml) containing anhydrous sodium acetate (30 mg). The mixture was 
cooled, diluted with water (10 ml), left for 2 h at room temperature, and extracted 
with chloroform (2 x 1 ml). The combined chloroform extracts were washed with 
water (2 x 4 ml), the solvent was evaporated, and the residue was separated by t.1.c. 
(2 plates, 10% acetone in benzene). The acetylated material was resolved into 4 
components (I-IV in order of decreasing mobility), the respective yields for each 
trisaccharide acetate being as follows. Compound 3: 20.01, 10.26, 7.78, and 9.93 mg; 
compound 4: 19.23, 10.57, 8.48, and 11.33 mg; compound 6: 18.71, 9.51, 8.66, and 
12.17 mg. All of the components crystallized from ethanol except IV from compound 
3. In each case, I was identified as /?-D-glucopyranose pentaacetate, m-p. and mixed 
m.p. 131-132”; and II was identified as octa-0-acetyl-/3-maltose3, m.p. and mixed 
m-p. 158-159”. Product III from compound 3 had m-p. 117-l 18”, undepressed on 
admixture with fi-kojibiose octaacetate”; and IV was identical with 3 by i.r. spectro- 
metry and t.1.c. Product III from compound 4 had m.p. 191-192”, undepressed on 
admixture with &sophorose octaaceta&, and IV had m.p. 195-196” alone and in 
admixture with 4. Product III from compound 6 had m.p. 140-141” alone and in 
admixture with a,/?-trehalose octaacetateZ 1 ; IV had m.p. 195-197”, undepressed on 
admixture with 6. The identifications were supported in all cases by comparison with 
authentic compounds by i-r. spectrometry and t.1.c. 

Preparation and characterization of 3a (cgntose). - Compound 3 (130 mg) in 
absolute methanol (1.5 rnJ) was treated with sodium methoxide (2.34% 0.25 ml). 
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After 20 min at room temperature, the pH was adjusted to 7.0 with aqueous hydro- 
chloric acid, and the solution was desalted (Pleuger Chromatodesalter), evaporated 
to near dryness, diluted with 95% aqueous ethanol (1.0 ml), and filtered. The precipi- 
tate of 3a, which formed on prolonged standing, contained only slight traces of 
monosaccharide (n-glucose) and disaccharide contaminants, the latter being distinct 
from sophorose, but inseparabie from either kojibiose or maltose by t.i.c. Compound 
3a had paper-chromatographic and paper-electrophoretic properties consistent with 
those reported for centose’, and had [c$,~ + 142.3” (c 0.59, water; lit2 [a];’ + 140” 
(water). vKBr 342Os, 2935m, 1635w, 142Ow, 1375w, 1265w, 12OOw, 1150m, 108Os, 
104Os, G20;: 85Ow, 77Ow, 575m cm- ‘. 

Anal. Calc. for C18H32016: C, 42.9; H, 6.3. Found: C, 42.5; H, 6.4. 
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ABSTRACT 

1,6-Anhydro-#?-D-mannopyranose was polymerized in the presence of chloro- 
acetic acid. A high-molecular-weight fraction insoluble in 80% ethanol was isolated 
and studied. Periodate-oxidation studies showed the polymer to contain 42% of 
(l--&)-like linkages, 36% of (l-+4)- or (142)~like linkages, and 22% (1+3)-like 
linkages. End-group analysis gave d.p. = 113. The synthetic n-mannan reacted 
vigorously with concanavalin A, indicating that it was a highly branched polymer 
containing multiple c+D-mannopyranosyl residues at chain ends. A synthetic D- 
mannan obtained by the polymerization of D-mannose in the presence of phosphorous 
acid gave a much weaker reaction with concanavalin A, and two synthetic, linear 
polymers failed, as expected, to form a precipitate with this plant protein. 

INTRODUCTION 

The chemical synthesis of polysaccharides has stimulated a good deal of interest, 
especially during the past ten years ‘. Recently, methods have been developed for the 
stereospecific polymerization of sugar derivatives to give polymers of defined linkage- 
typezm6 . 

In view of our interest in protein-carbohydrate interaction7’s1 we have 
prepared a synthetic D-mannan and have investigated its interaction with con- 
canavalin A. This plant protein forms a precipitate with biopolymers containing 
terminal, non-reducing cc-D-glucopyranosyl, or-n-mannopyranosyl, and /3-D-fructo- 
pyranosyl residues. We have suggested that concanavalin A, although more limited in 
its specificity compared with certain anticarbohydrate antibodies, can be considered 
as belonging to this class of “protein reagents”, all of which may be used for the 
detection and preliminary characterization of various structural features present in 
complex carbohydrates. (See Heidelberger12 for a review.) 

This report describes the acid-catalyzed, addition polymerization of 1,6- 
anhydro-j?-n-mannopyranose and the isolation of a high-molecular-weight D-mannan 

*Present address: Banting and Best Institute, Department of Medical Research, Toronto, Canada. 
**This work was done while the author was an Established Investigator of the .tierican Heart 
Association. To whom inquiries regarding this paper should be sent. 
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Paper-chromatographic analysis of polymers and dialyzates. - The four 
dialyzates from polymer I as well as polymers I and II were chromatographed 
[10:4:3 (v/v) ethyl acetate-pyridine-water] against D-mannose. Sugars were visualized 
using the silver nitrate-sodium hydroxide reagent’*. Dialyzates I and II had com- 
ponents migrating with the mobility of mannose and higher saccharides, dialyzate III 
had only higher saccharides. Dialyzate IV, as well as polymers I and II, were immobile 
in this solvent system. 

Periodate oxidation of polymer Ii. - To a solution of polymer II (132 mg) in 
cold water (10 ml) was added ice-cold 0.2~ sodium periodate solution (25 ml) and 
the volume was adjusted to 50 ml. A control solution (without polymer) was prepared 
similarly. Both blank and reaction solutions were kept at 5” in the dark. Periodically, 
aliquots were removed and titrated for periodate consumption and formic acid 
liberation by using standard thiosulfate solution to titrate the iodine liberated upon 
addition of potassium iodide. On a dry-weight basis, the periodate consumption and 
formic acid liberation per D-mannosyl residue was 1.20 moles/mole and 0.42 moles/ 
mole, respectively, after 69 h (constant). 

Reaction of synthetic D-mannan with Fehling solution. - Addition of Fehling 
solution to an aqueous solution of the synthetic D-mannan (10 mg of polymer II in 
1 ml of water) gave an immediate precipitate. 

End-group anaZysislg ofpolymer II. - To a solution of polymer II (26.7 mg, dry 
weight) in water (1 ml) was added sodium borohydride (30 mg) and the reaction was 
allowed to proceed for 49 h at 23”. The reaction mixture was adjusted to pH 5.5 
(acetic acid), cooled to 5” and cold 1.0~ sodium metaperiodate solution (2.5 ml) was 
added. The reaction volume was adjusted to 25 ml and the reaction flask was kept at 
5” in the dark. A control solution containing all components except polymer II was 
prepared similarly. At various time intervals, aliquots (2 ml) were removed and 
analyzed for formaldehyde” giving the following results. 

Time: (h) 2 
(/cg) 6.25 z.5 :;.l 

120 169 
HCHO: 78.1 78.1 (2.6 _timoles) 

When polymer II (26.7 mg, 165 pmolesj was oxidized directly with sodium 
metaperiodate (no prior reduction with borohydride) and analyzed for liberation of 
formaldehyde as above, there was obtained 34.3 pg (1.14 pmoles) of formaldehyde 
after 169 h (constant)_ 

If it is assumed that the difference in the amount of formaldehyde produced 
upon periodate oxidation of borohydride-reduced polymer II and native polymer II 
represents the proportion of formaldehyde liberated from the reducing-end alditol 

residue, then the d.p. can be calculated from the formula’ ‘: 

d.p. = Y(30 x n) 

162X ’ 

in which Y = wt (g) of polymer; X = wt (g) of HCHO (mol wt 30); n = moles of 
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HCHO liberated from the reducing end-group (n = 2 for a C-3 or a C-4 linked end- 
group, n = 1 for a C-2, C-5 or C-6 linked end-group; 162 = wt (g) of monomeric 
residue. 

Since the nature of the end-group linkage is unknown, it was further assumed 

that n = 1; and thus d.p. = 113. 
S&dies on periodate-oxidized, reduced polymer I.. - Polymer II (45 mg, dry 

weight) was oxidized with 0.1~ sodium metaperiodate for 69 h at 5” as above. The 
reaction mixture was neutralized with barium carbonate, filtered and the filtrate and 
washings were concentrated. The residue was dissolved in water (5 ml) and the 
solution added to a solution of sodium borohydride (97 mg) in water (1 ml). After 
4.5 h, an additional portion of sodium borohydride (100 mg) was added and the 
reaction mixture was kept for 20 h. The reaction mixture was neutralized (acetic 
acid), treated with Amherlite IR-120 (H+), and filtered. The filtrate was evaporated 
and anhydrous methanol was evaporated several times from the residue to remove 
methyl borate. 

A solution of the residue in 1.25~ sulfuric acid (3 ml) was heated for 3 h on a 
boiling water bath. The reaction mixture was cooled, treated with Amberlite IR45 
anion-exchange resin, and filtered into a 25-ml volumetric flask. The washings from 
the resin were added and the volume was adjusted to 25 ml. Paper-chromatographic 
analysis of the hydrolyzate [4:5:1 (v/v) butyl alcohol-ethanol-water] showed the 
presence of glycerol, erythritol, and man&e (alkaline silver nitrate spray-reagent ‘*). 

Mannose in the hydrolyzate was determined by quantitative paper chromato- 
graphy (48 h in above solvent system) with the phenol-sulfuric acid method’ ‘. Found: 
9.68 mg. 

Erythritol was determined, after elution from the same chromatogram, by the 
method of Lambert and Neishzo. Found: 5.46 mg. 

Glycerol was determined by an enzyrnic procedure with glycerol dehydro- 
genase 21. Found: 10.5 mg. 

Precipitation reaction between concanaualin A and the synthetic D-mannan. - A 
quantitative precipitation study was conducted between concanavalin A (36.9 pg N) 

40- -40 

K 
-30 z 

s 
-20 5 

a 
z 

-10 h 

0 P 

0.1 0.3 O o 
D-MANNAN ADDED 

Fig. 1. Quantitative precipitation curve of synthetic D-mannan (polymer II) with concanavalin A. 
The total amount of synthetic D-mannan in the precipitate is also ikstrated. Concanavalin A, 
36.9 N. pg 
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and increasing quantities of polymer II (0.01-0.5 mg), as described previouslyg. The 
carbohydrate content at each stage of the precipitation curve was also determined9 
and the results are presented in Fig. 1. 

By the procedure of So and Goldstein ‘, the solubility of the concanavalin A- 
polymer II D-mannan was determined to be 0.3 pg N/ml. 

Interaction of the synthetic D-mannan prepared by Mora et al. l4 with con- 
canavalin A (48.3 pg N) was studied. The precipitation curve is presented in Fig. 2. 

IO 

ii z” 
z5 
s 

0 

l!!IIl 0 0 

40 80 120 160 

)PCJ D-MANNAN ADDED 

Fig. 2. Quantitative precipitation curve of synthetic D-mannan (Moral*) with concanavslin A 
(48.3 pg N). 

The linear o-mannan from Dr. Schuerch was tested at levels of 40, 100, 150, 
200, 300, and 500 pg against concanavalin A (40 pg N and 120 pg N) and failed to 
form a precipitate. The synthetic D-mannan prepared by O’Colla and Lee” also 
failed to react with concanavalin A (5, 15,25, 50,250, and 500 pg D-mannan against 
40 pg and 120 pg of concanavalin A nitrogen, respectively). 

DEXXJSSION 

Addition polymerization of 1,6-anhydro-p-D-mannopyranose in the presence of 
cbloroacetic acid** gave rise to a yellow glass from which a fraction insoluble in 80% 
ethanol was isolated in 20% yield and selected for study. The polymer was non- 
dialyzable, immobile on paper chromatograms, and precipitated readily upon addition 
of Fehling solution. It consumed 1.20 moles of periodate and liberated 0.42 molar 
proportions of formic acid per o-mannosyl residue. These results correspond to the 
presence of 42% (1+6)-like linkages, 36% (144)- or (1+2)-like linkages, and 22% 
(1+3)-l&e linkages. Borohydride reduction of the periodate-oxidized D-mannan 
followed by complete acid hydrolysis afforded glycerol (53 mole %), erythritol (21 
mole %), and D-mannose (26 mole “A). 

Molecular-weight determination was conducted by an end-group procedurelg 
which involved determining the quantity of formaldehyde liberated upon periodate 
oxidation of the native and the borohydride-reduced polymer. This method gave 

d.p. 113, assuming that the reducing-end o-mannosyl residue liberated one mole of 
formaldehyde [i.e. n = 1 (ref. 1911. 

In this connection it is noteworthy that the native polymer liberated 1 mole of 
formaldehyde for every 148 D-mannosyl residues, suggesting the presence of D- 

mannofuranosyl residues unsubstituted at C-5 and C-6. Such residues were reported 
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for a D-&lCaU synthesized by Mora et al. 2 3-z 5 and analyzed by Dutton and Unraut6. 
Dutton and Unrau have also demonstrated the presence of furanose residues in a 
synthetic D-mannan”. 

These results point to a complex, randomly-polymerized structure containing a 
wide variety of glycosidic linkages. The presence of a substantial proportion of 
periodate-resistant D-mannose residues indicates the existence of (1+3)- or multiply- 
linked [e.g. (1+2) and (1+4)] mannosyl residues. The high proportion of glycerol 
attests to the presence of a substantial number of (l-&)-linked residues and/or 
terminal D-mannopyranosyl residues. 

Although periodate-oxidation studies give no information concerning the 
branching frequency of the polymer, it is probable that this synthetic D-mannan is a 
highly branched structure; in fact its interaction with concanavalin A is completely 
consistent with such a suggestion. 

The interaction of concanavalin A with the synthetic D-mannan (polymer Ii) is 
presented in Fig. 1. The curve is quite typical of polysacsharides reactive with con- 
canavalin A, rising sharply to a maximum (48 pg of D-mannan added); at this point, 
90% of the concanavalin A added was found in the precipitate. The solubility of the 
precipitate (0.3 pg N) is characteristic of highly branched a-D-mannans' r_ This 
interaction of polymer II with concanavalin A is strong evidence for the presence of 
many terminal, nonreducing a-D-mannopyranosyl residues. 

On the other hand, the D-mannan obtained by polymerization of D-mannose in 
the presence of phosphorous acid’ 4 gave a much weaker reaction with concanavalin A 
(Fig. 2) precipitating only 21% of the protein at the point of maximum precipitation. 
In this example there are apparently far fewer sites available for interaction with 
concanavalin A. Mora et aZ.14 commented that this polymer appears to be less 
branched than their D-glucan, and attribute this difference to the lower temperature 
and shorter heating cycle employed in its preparation. 

The (1+6)-a-D-mannopyranan*’ @In + 122” in methyl sulfoxide, prepared by 
Schuerch by the same procedure”s4 he employed in the synthesis of an (1-6)~Z-D- 
glucopyranan) gave, as expected, no reaction with concanavalin A; nor did the 
synthetic D-mannan prepared by O’Colla and Lee l5 by the melt polymerization of 
1,2,3,4-tetra-0-acetyl-fi-D-mannopyranose in the presence of zinc chloride. (Chemical 
investigation showed this polymer to be mainly an a-D-(l-+6)-linked polymer having 
a Pa of 10.) These results confirm the linear nature of these latter two polymers. 

Diffusion studies on agar gel with the synthetic D-mannan (polymer II) 
described in this investigation have already been presented’. The relatively broad 
precipitation band formed when concanavalin A and polymer II interacted indicate 
the synthetic D-mannan to be quite polydisperse. Furthermore, the closeness of the 
precipitation band to the well containing concanavalin A, relative to the position of a 
precipitation band (very sharp) between yeast D-mannan (from 5’accharomyce.s 
cerevisiae) and concanavalin A,also indicates the synthetic polymer to be a mixture of 
low-molecular-weight species; end-group analysis as performed in this study supports 
this view. 
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GLYCOSYL ESTERS OF AMINO ACIDS 

PART II”. S YNTHESIS OF 2,3,4,6-TETRA-~-ACWn-l-U-(2-ACn-D- AND L-AMINOACYL)+ 

D-GLUCOPYRANOSES. STUDIE!3 OF THE RACFMIZATION OF THE AMINO ACID MOIETY 

A. KOEWHATJSER AND D. KEGLJXIC 

Tracer Laboratory, Institute “Ruder Boskovic”, Zagreb (Yugoslavia) 

(Received October 24th, 1969; in revised form, November 12th, 1969) 

ABSTIUYCT 

Syntheses of acetylated I-O-(2-acyl-D- and L-aminoacyl)-B-D-glucopyranoses 

by (a> the dicyclohexylcarbodiimide and (6) the silver salt method are described, and 
factors affecting the racemkation of the amino acid moiety during the syntheses are 
investigated. In glucosyl esters prepared by method (a), the amino acid moiety under- 
goes racemization when acetyl is used as the N-protecting group, whereas with 

phthalyl and benzyloxycarbonyl groups configuration is retained; evidence for the 
racemization via the oxazolone formation is given. By method (b), $he synthesis 
proceeds with SO-85% retention of configuration, regardIess of the nature of the 
iv-protecting group. In general, the asymmetric centre of the amino acid aglycon 
group contributes negligibly to the rotatory power of the whole glucosyl ester 

molecule. The synthesis of the benzylated 1-U-(N-acetyl-L-alanyl)-a- and -D-D- 

glucopyranose is reported. 

INTRODUCTION 

In Part I of this series’, we described the synthesis of some I-U-(2-acetamido- 
acyl)-2,3,4,6-tetra- U-acetyl-/3-D-glucopyranoses (i.e., compounds having an ester- 
bonded amku acid as the aglycon group) by using (CL) the dicyclohexylcarbodiimide 

(DCC) and (b) the silver salt method. Racemic amino acid derivatives were used, and, 

after purification, the products were obtained as crystalline B-D anomers by both 
methods of preparation. 

It seemed of interest to examine to what extent the asymmetric centre of the 
amino acid aglycon affects the properties of the whole D-glucosyl ester molecule. It 
was first necessary to discover whether, under the conditions used in methods (a) and 
(b), the amino acid component retains its configuration or undergoes racemization, 

and we now report on these studies. 

RESULTS AND DISCUSSION 

Starting with N-acyl derivatives of D- and L-amino acids, the corresponding 
acetylated o-glucosyl esters l-5 (Table I) were synthesized by methods (a) and (6); 

*Part I: Ref. 1. 

Carbohydm Res., 13 (1970) 433439 
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the reaction conditions and the isolation procedure were the same as those described’ 
for the DL analogues. The n.m.r. spectra of the products revealed, in all cases, a 
doublet (7 Hz) at ‘c 4.10-4.20 characteristic of the 8-D configuration. The chromato- 
graphic behaviour and i.r. spectra of a particular D-gh.Icosy~ ester were identical, 

regardless of the method of preparation and of the configuration of the starting amino- 
acid derivative. 

CI+OR’ l-5 Fi,=Cc ; 6 R'=PhCHz 

0 OCOCHR 

fo 

1 R=Me; X,= H; X2=Ac 

R’ I 
‘%X2 

2 R = (cH,), SMe; X,=H: Xp=Ac 
3 R=PhCHZ; X,=H; X2=Ac 

R’O 
OR’ 

4 R=Me; X,= X2= Phthaloyl 

5R=Me; X,=H; Xz=PhCHflCO 
I-6 6 R=Mei X, = H ; X2=Ac 

The data (Table I) for melting points and optical rotations of D-ghcosyl esters 
l-3 of N-acetylamino acids show that the influence of the configuration of the starting 
amino acid component is rather small; this is most evident with the products obtained 
by the DCC method. The fact that the D-glucosyl esters prepared’ from the corre- 
sponding DL-amin0 acids have the same constants indicates that the amino acid 
component underwent racemization. In method (6), there are some differences in phy- 
sical constants between the products obtained from D- and L-amino acid derivatives; 
this suggests that either the asymmetric centre in the aglycon group makes a negligible 
contribution to the properties of the whole molecule, or that the amino acid moiety 
underwent a partial racemization. 

In order to clarify Ibis point, each of the four samples of D-glucosyl ester 1 was 
subjected to acid and/or alkaline hydrolysis, and the resulting alanine or N-acetyl- 
alanine was checked for optical purity (Table 11). Control hydrolyses performed with 
N-acetyl derivatives of D- and L-alanine ethyl esters showed that no racemization of 
the amino acid took place. Both samples of ester 1 prepared by the DCC method 
gave essentially inactive alanine and N-acetylalanine, whereas the products of the 
silver salt method yielded the corresponding isomer with W-85% retention of 
configuration. 

The racemization of an acylamino acid can occur either by base-catalyzed 
proton abstraction from the asymmetric centre’ or through the formation and 
racemization of an intermediate oxazolone 3. In control experiments with N-ace@ 
derivatives of r.-alanine and L-methionine, it was established that the catalytic amount 
of triethylamine used in method (a> is insufficient to cause proton abstraction. The 
formation of oxazolones is also favoured by basic conditions and takes place parti- 
cularly readily with acetylamino acids; in addition, DCC is an excellent reagent for 
their preparation3. Thus, it is very likely that in the synthesis of esters l-3 by the DCC 
method the rate of formation and racemization of the intermediate oxazolones is 
much larger than the rate of esterification of the sugar component. The omission of 
the base, which would slow down oxazolone formation, is not feasible because 
triethylamine has been shown’ to be essential for a successful synthesis of these 
compounds. 

Carbohyd. Res., 13 (1970) 433439 
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TABLE II 

0pTlc~~ ROTATING OF ALANINE AND N-KETYLALANINE OBTAINED BY -THE HYDROLYSIS 0~ ACETYLATED* 

AND BENZYLATED** I-O-(2-ACYLAhUNOACYL)-B-D-GLTJCOPYRANOSES 

Configurafion 

of the sforring 
amino acid 

D-Ghcosy~ ester hy&olysed Hydrolysis producr 

[a]8 (degrees) 

Compound Acylaminoacyl Method of Alanin@ N-AcetyIalanineb 

grow preparation 

L- 

D- 

L- 

D- 

L- 

D- 

L- 

D- 

L- 

D- 

L- 

1* 

1* 

4f 

4* 

5* 

6** 

Acetylalanyl Ag 

Acetylalanyl DCC 

Phthaloylalanyl Ag 

Phthaloylalanyl DCC 

Benzyloxy- DCC 
carbonylalanyl 
Acetylalanyl Ag 

+13.0 
- 13.5 

+os 
-0.8 

+ 13.5 
- 13.5 
+ 13.3 
- 12.6 
-t-13.0 
-13.1 

- 

-52.0 
+ 55.3 
c4.0 
t-2.5 
- 
- 

- 54.5= 
- 

-53.5= 
- 

- 60.0 

=Determined in 5~ HCI (c l-2); lk6 [c?]D + 14.5” for the L-isomer. ODetermined in Hz0 (c l-2); lit.s 
[Z]D - 66.2” for the L-isomer. ~Obtained by acetylation of alanine originating from acid hydrolysate. 

To determine the effect of the N-substituent on the racemization of the amino 
acid aglycon, the amino acid component was protected with phthalyl and benzyloxy- 
carbonyl groups which preclude formation of oxazolones. In the presence of DCC, 
both optical isomers of N-phthaloyl- and N-benzyloxycarbonyl-alanine reacted 
smoothly with the acetylated sugar moiety, giving the corresponding D-glucosyl 
esters 4 and 5. Hydrolysis of the products afforded alanine which, in all cases, was 
more than 80% optically pure (Table II). For comparison, ester 4 -was also prepared 
from the D- and L-amino acids by the silver salt method; the products were identical to 
those synthesized by the DCC method (Tables I and II). It follows that, under 
conditions which do not allow oxazolone formation, the C-l esterification of 
acetylated D-glucose by the DCC method proceeds without racemization of the 
aglycon. Thus, the principles of the racemization mechanism valid for ammo acid 
coupling are also applicable in this nonpeptide-forming reaction. 

A convenient route to the free glycosyl esters seemed to involve protection of 
the sugar moiety with inert benzyl groups. However, condensation of 2,3,4,6-tetra-U- 
benzyl-a-D-glucopyranose and N-acetylalanine failed with method (a) (cJ Refs. 4 and 
5) 2,3,4,6-Tetra-O-benzyl-cx-D-glucopyranosyl chloride reacted with the silver salt of 
N-acetylalanine to give the D-glucosyl ester 6 as an anomeric mixture in which the 
B-D anomer preponderated, and from which both anomers were obtained in crystalline 
form. 

Alkaline hydrolysis of the P-D anomer of 6 gave Nacetylalanine with 90% 
retention of optical activity. This is a higher percentage of retention than is ever 
observed with the corresponding acetyl derivatives. However, at present, it is not 

Carbohyd. Res., 13 (1970) 433439 
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possible to say whether the acetylated D-glucose moiety has any influence on this loss 
of activity. 

The optical rotations of the ji anomers of D-glucosyl esters differing only in the 
configuration of the amino acid aglycon group are very similar. Thus, at the D line, 
the asymmetric centre of the amino acid aglycon group contributes negligibly to the 
rotatory power of the whole D-glucosyl ester molecule. 

EXPERIMENTAL -_ 

General. - Melting points are uncorrected. Solvent evaporation was perfor-med 
in a rotatory evaporator in vacua at < 40”. Column chromatography was conducted on 
silica gel (0.05-0.2 mm, Merck). Thin-layer chromatography (t.1.c.) was performed 
on Silica Gel G (Merck) with 5: 1: 1 ether-acetone-light petroleum (A), 5: I benzene- 
methanol (B), 65:25:15 butyl alcohol-acetic acid-water (C), 1:l benzene-ethyl acetate 
(0). The spots were detected by spraying with a 10% (v/v) solution of sulphuric acid 
in water and subsequent heatin g, with ninhydrin, or with Bromocresol Green (0.1% in 
ethanol+ 1 drop of morpholine). 1-r. spectra were determined on a Perkin-Elmer 
Model 137 spectrometer; n.m.r. spectra were obtained with a Varian A-60A spectro- 
meter, using tetramethylsilane as the internal standard. N-Phthaloyl-D- and -r_.-alanine 
were prepared by the procedure of Sheehan et al. ‘_ Silver salts of N-phthaloyl-D- and 
-r_-alanine were obtained by the general procedure6 for substituted silver benzoates. 
After one recrystallization (2:l ethanol-water), the silver salts were analytically pure. 

Preparation of 2,3,4,6-tetra-O-acety~-I-O-(2-acy~aminoacy~-~-D-g~ucopyranoses 

(l-5). - Starting with optically active amino acid derivatives, these compounds were 
prepared’ by (a) the DCC and (b> the silver salt methods. Compounds l-3 synthesized 
from the corresponding N-acetyl-D- and L-amino acid derivatives by both methods 
gave, in all cases, microanalytical values (C, H, N) within the experimental error. 

The synthesis of 2,3,4,6-tetra-O-acetyl-l-O-(Wphthalyl-D- and -L-alanyl)-0-D 
glucopyranoses (4) by method (b) was accomplished after lh; the reaction mixture 
was fractionated on a column of silica gel by using solvent (B), and the product was 
crystallized from methanol. 

Anal. Calc. for C,,H,,NO,,: C, 54.65; H, 4.95; N, 2.55. Found: C, 54.75; 
H, 5.00; N, 2.39 for L diastereomer by method (b); C, 54.86; H, 5.13; N, 2.60 for 
D diastereomer by method (b); N, 2.40 for L diastereomer by method (a); N, 2.70 for 
D diastereomer by method (a). 

2,3,4,6-Tetra-O-acetyl-l-O-(N-benzyloxycarbonyl-D- and -L-alanyl)-/3-D-gluco- 
pyranoses (5) were synthesized by method (a) on a Zmmole scale by using dichloro- 
methane as the solvent. After the removal of N,N’-dicyclohexylurea (80%) and 
evaporation of the solvent, the oily residue was chromatographed on a column of 
silica gel by using solvent (0). The D-glucosyl ester emerged first, and was crystallised 
from ether-light petroleum. 

Anal. Calc. for Cz,Ha,NO,,: C, 54.25; H, 5.65; N, 2.53. Found: C, 54.22; 
H, 5.39; N, 2.65 for D diastereomer; C, 54.00; H, 5.39; N, 2.78 for L diastereomer. 

Carbohyd. Res., 13 (1970) 433-439 
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2,3,4,6-Tetra-O-benzyl-I-O-(N-acetyZ-L-aIanyZ)-~- and -a-D-glucopyranose (6). - 

2,3,4,6-Tetra-O-benzyl-or-D-glucopyranosyl chloride5gg (1.22 g) and the silver salt of 
N-acetyI-r_.-alanine (502 mg) in dry benzene (60 ml) were refluxed with mechanical 
stirring for 9 h. The precipitate was centrifuged off, and washed with benzene, and 
the combined supernatants were evaporated in vacua. The solid residue was chromato- 
graphed on a column of silica gel with 7:1 and then 1:l benzene-ethyl acetate. The 
D-glucosyl ester 6, contaminated with some tetra-O-benzyl-D-glucose, emerged in the 
later fractions; after fractionation on a second column with solvent (D), the product 6 
was obtained as a semicrystalline solid (300 mg, 22%) which gave one elongated spot 
on t.1.c. in solvent (0). It was recrystallized from benzene-light petroleum to yield the 
/? anomer of 6 as a gelatinous precipitate (170 mg), m-p. 134135”, [a]g +2” (c 1.0, 
chloroform); i.r. data: v,,, KBr 3270 (NH), 1760 (C = 0), 1660 and 1570 (amides I and II), 
1210 cm- ’ (C-O-C); n.m.r. data (CDCI,): T 4.32 (l-proton doublet, Ji,s 7.0 Hz, 
axial H-l). 

Anal. Calc. for CSgH4sNOs: C, 71.65; H, 6.63; N, 2.14. Found: C, 71.79; 
H, 6.76; N, 2.28. 

The mother liquors were evaporated in vacua to a syrup which was fractionated 
on a column of silica gel with solvent (D); the a anomer of 6 emerged in earlier 
fractions as an oil which was obtained from benzene-light petroleum as a flocculent 
precipitate (50 mg), m.p. 45-46”, [ali +60” (c 1.0, chloroform); n.m.r. data: T 3.60 
(l-proton doublet, J1 ,2 2.7 Hz, equatorial H-l). 

Anal. Found: C, 71.57; H, 6.89; N, 2.12. 
Hydrolysis of D-glucosyl esters. - (a) Acidic hydrolysis of compounds 1,4, and 5. 

A suspension of 1 mmole of the appropriate ester in 10 ml of 5N hydrochloric acid was 
refluxed for 1 h, the dark solution was treated with charcoal, and the atrate evapo- 
rated to dryness. A solution of the residue in water (25 ml) was passed through a 
column of Dowex-50 X8 (Hf), and the amino acid was eluted with 2~ ammonium 
hydroxide. After evaporation of the eluate, the residue was crystallised from water- 
ethanol to constant optical rotation. 

(b) Basic hydrolysis of compounds 1 and 6. A solution of the ester 1 (1 mmole) 
in dry acetone (IO ml) was shaken with 2 ml of N sodium hydroxide at room tempera- 
ture, the progress of hydrolysis (2-3 h) being followed by t.1.c. (solvent C). The 
solution was treated with charcoal, the filtrate evaporated to dryness, and the residue 
was dissolved in water (25 ml) and passed through a column of Dowex-2 X8 (Cl-). 
N-Acetylalanine was eluted with N hydrochloric acid and crystallized from ethyl 
acetate to constant optical rotation. In the case of 6, an equivalent amount of N 
sodium hydroxide was used; after the removal of the solvent, the residue was taken 
up in water-chloroform, and the aqueous layer was extracted with chloroform and 
then passed through a column of Dowex-50 X8 (H’). The acidic effluent was 
evaporated to dryness, and the N-acetylalanine was crystallized. 

Optical rotation data are recorded in Table II. 
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Note 

Quantitative determination with periodate of compounds subject to 
non-Malapradian oxidation 
Part IV’. 2-Ketoses 

S. ROBERT SARFATI AND PATRICIA SZAB~ 

Institut de Biochimie, Facuk! des Sciences, 9Z Orsay (France) 

(Received October 6th, 1969) 

It has long been known that, in the conditions usually employed, hex-2-uloses 
show fractional consumption of periodate z-g. It has been shown9 that this is due to 
the fact that these sugars are oxidised by two different routes to give products which 
behave differently towards periodate. Cleavage of a 2-ketose between C-l and C-2 
leads to the formation of glyoxylic acid which is further oxidised6***‘**’ r by one 
equivalent of periodate, whereas cleavage between C-2 and C-3 gives glycolic acid 
which is practically unaffected by periodate l2 Thus, the amount of periodate reduced . 

by a hexulose varies between four and five molar equivalents, depending on the 
proportions of the sugar oxidised by each route. It has also been reported’ that three 
hept-2-uloses (D-gZUco-, D-manno-, and L-galacto-) are likewise oxidised by the two 
pathways, reducing between five and six molar equivalents of periodate; it was noted’ 
that less glycolic acid was formed from these sugars than from the hexuloses. To our 
knowledge, the periodate oxidation of octuloses has not been studied. 

It is evident that 2-ketoses should reduce a whole number of equivalents of 
periodate if oxidised in conditions where neither glyoxylic nor glycolic acids are 
attacked by the oxidant. It has been shown’ 3 that glyoxylic acid is not oxidised by 
periodate in 0.1~ sulphuric acid at 0” (“cold acid” method14); it has now been 
established that the same is true for glycolic acid. A number of 2-ketoses were therefore 
oxidised in these conditions; as would be expected, the hexuloses reduced exactly 
four, the heptuloses five, and the octuloses six molar equivalents of periodate (Table I). 
In each case, the relative importance of each of the two pathways in the oxidation of 
the sugar was assessed by determination of the amounts of formaldehyde, glyoxylic 
acid, and glycolic acid formed (Table I). 

It is interesting to note that no glycolic acid could be detected in the oxidation 
mixtures of three of the five heptuloses (D- and L-gluco- and D-m o-) and of one of 
the two octuloses (D-g&zero-L-gZuco-) studied. That no cleavage had occurred between 
C-2 and C-3 in these compounds was confirmed by the fact that, in each case, two 
molar equivalents of formaldehyde and one of glyoxylic acid were found amongst the 
reaction products (these results differ from those previously reported’ for D-gZuco- 
and D-manno-heptuloses). None of these compounds show mutarotation; they must 
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TABLE I 

PERIODATE OXIDATION OF 24JLOSEs 

2-Ketose Molar equivalents of 

IO4 reduced Formaldehyde GZyoxyiic acid GIycoIic acid 
formed formed formed 

D-Fructose 3.97 1.54 
r-Sorbose 3.98 1.66 
D-Tagatose 3.97 1.79 
D-manno-Heptulose 4.99 2.02 
D-ghco-Heptulose 4.85 1.92 
L-glum-Heptulose 4.86 1.97 
r_-allo-Heptulose 4.84 1.63 
L-galacto-Heptulose 4.85 1.75 
D-giycera-L-ghco-&tulose 5.88 1.98 
D-g]yCerO-D-gUfO-OCtUlOSe 5.96 1.77 

0.51 
0.71 

0.99 
0.97 
1.04 
0.62 
0.80 
1.00 
0.84 

0.53 
0.31 
0.20 
0 
0 
0 
0.36 
0.25 
0 
0.21 

therefore be oxidised in a given conformation. It has been shown by n.m.r. studies l5 
that D-gZz&zu-heptulose exists in the a-pyranoid form and has the CZ (D) conformation 
1; it can be expected that D-manno-heptulose and D-glycero-L-g&o-octulose (bomo- 
morphous with r_.-gluco-heptulose 2) will also exist as a-pyranoses in the CZ (D) and 
ZC (D) conformations (3 and 4, respectively). 

1 2 3 

It is not unexpected that preferential cleavage of the bond between C-l and C-2 

should occur in structures 1-4; the truns diaxial relationship of the hydroxyl groups on 
C-2 and C-3 of D-manno-heptulose is known to be unfavorable for rapid glycol 
cleavage, and for D- and L-g&o-heptuloses and D-glycero-L-gluco-octmose it is 
reasonable to find that the vicinal diol having an exocyclic primary hydroxyl group 
should be cleaved first. On the other hand, L-allo-heptulose, which is reported to show 
no mutarotation, gives some glycolic acid on periodate oxidation. This heptulose 
most likely exists in the conformation 5 having the same steric arrangement about 
C-l, C-2, and C-3 as has L-gluco-heptulose. The absence of exclusive cleavage between 
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C-l and C-2 is probably due to the known destabilising effect of 1,3-diaxial hydroxyl 
groups (C-2 and C-4). 

The hexuloses, the fifth heptulose (L-galacro-heptulose), and the second octulose 
all show mutarotation. This takes pIace more rapidly than does the reaction of glycol 
cleavage, so that it is not possible to draw any conclusions as to the form or forms in 
which these sugars are oxidised. 

ExPERlMENTAL 

Periodat;_ oxidations were carried out at 0” in 0.1~ sulphuric acid (0.6m~ in 
substrate and 6.6m~ in sodium periodate) as described previously’4. The 2-ketose to be 
oxidised was dissolved in 0.1~ sulphuric acid at 0” for 48 to 72 h before the addition of 
periodate, in order to allow mutarotation to go to completion. Formaldehyde was 
determined with chromotropic acid’ 62 glyoxylic acid with periodate13, and glycolic 
acid with 2,7_dihydroxynaphthalene “. 

No reduction of periodate by glycolic acid could be detected either in the 
conditions described above or when the pH of the oxidation mixture was adjusted to 
5 with sodium acetate, and the solution was kept at room temperature. 
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An improved synthesis of 1,2-O-isopropylidene+L-idofuranose’ 

M. A. MILJKOVIC AND E. A. DAVIDSON 

Department of Biological Chemistry, The M. S. Hershey Medical Center of The Pennsylvania State 
University, Hershey, PennsyIvania I7033 (Cl. S. A.) 

(Received October 20th, 1969) 

One of the syntheses of L-idose from D-glucose derivatives is based on inversion 
of the contiguration at C-5, either by intramolecukr displacement of a 5-p-toIuene- 
sulfonate group in an appropriate D-glucose derivative via a 5,6-anhydrosugar 
intermediate ‘, or by nucleophihc displacement of the 5-p-toluenesulfonate group by 
the acetate ion3*4. In ah cases, derivatives of 1,2-0-isopropylidene-c~-D-glucofuranose 
were used as starting material. The selective tosyIation of the exocyclic hydroxyl 
group at C-52*3*5 or protection of the endocyclic hydroxyl group at C-32*4 prior to 
tosylation was essential, since desullbnylation of endocyclicp-tolylsulfonyl derivatives 
of 1,2-O-isopropylidene-cr-D-glucofuranose was difficult and proceeded with low 

2.6-10 yield . 

Meyer and Reichstein ’ found that treatment of 5,6-anhydro-1,2-O-isopro- 
pyhdene-3-0-p-tolyIsulfonyI+L-idofuranose with sodium amalgam in 80% methanol 
afforded, in an extremely low yield, a destionylated product which was difficult to 
free from sulfur. Karrer and Brettcher’ reported that the reductive desuifonylation of 
1,2- 0-isopropylidene-3,5-di- O-p-tolylsulfonyl-a-D-xylofuranose with lithium 
aluminium hydride gave less than 35% yield of the desuhonylated product, 5-deoxy- 
1,2-0-isopropylidene-a-D-xylofuranose. 

Since we found that the reduction of 1,2-U-isopropylidene-34%p-tolylsulfonyl- 
ar_D-glucofuranose derivatives with sodium in liquid ammonia afforded the desul- 
fonylated product in good yields l l, we attempted the synthesis of an L-idose derivative 
from the readily accessible 6- 0-benzoyi-1 ,2-0-isopropylidene3,5di- O-p- tolyl- 
sulfonyl-a-D-glucofuranose via selective nucleophilic dispIacement of the 5-p-toluene- 
sulfonate group by the acetate ion5*6. The use of Dowex-1 (X-10, AcO-) resin”, 

Cl+OBZ 
I 

CH,OaC 

TsOCH 0 
I 

CI+OH 

I 

y;)I 

HCOBz 0 

-q 

HCOH 

OTs OTS 

Q 

OH 

‘: 4 ? 
o-Ip o-1p O-XIX 

1 2 3 

*This work was supported by a grant (AM-12074) from the National Institute of Arthritis and 
Metabolic Diseases, U.S. Public Health Service. A preliminary report has been presentedl. 
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instead of potassium acetate, considerably improved the yield of the displacement 
reaction. Desulfonylation, as well as removal of the 6-U-benzoyl and 5-0-acetyl 
groups was accomplished by reduction with sodium in liquid ammonia. 

ExPERlMENTAL 

General. - All melting points are uncorrected. The specific rotations were 
determined on a Gary 60 spectropolarimeter with 10.0 mm c&s. Lr. spectra were 
recorded on a Perkin-Elmer Model 337 grating spectrophotometer, and n.m.r_ 
spectra on a Varian HR-100 spectrometer with tetramethylsilane as an internal 
standard. Chemical shifts are reported in p.p.m. (6). 

6-O-Acetyl-5-O-benzoyZ-I,2-O-isopropylidene-3-O-p-tolylsulfonyi-~-~-idof~ranose 
(2). - Dowex 1 (X-10,200-400 mesh, AcO-) ion-exchange resin (64 g) was suspended 
in acetic anhydride (240 ml) and 6-0-benzoyl-1,2-0-isopropylidene-3,5-d&O-p- 
tolylsulfonyl-a-D-glucofuranose (1, 10.0 g) was added. The reaction mixture was 
treated for 12 h at reflex, the resin was filtered off, and the filtrate evaporated to 
dryness in vacua. The crystalline residue was recrystallized from abs. ethanol to yield 
7.1 g (86%), m-p. 125.5-126.5”, [a];’ -8.3” (c 1.0, chloroform); i.r. data (chloro- 
form): v 3010 and 1610 (aromatic CH), 1740 and 1275 (acetate and benzoate), and 
1383 and 1177 cm- I (p-toluenesulfonate); n.m.r. data in chloroform-d 6 5.96 
(l-proton, doublet, J, ,2 4.0 Hz, H-l), 5.54 (l-proton, quartet, J4,5 7.2, J5,6 5.8 Hz, 
H-5), 5.03 (l-proton, doublet, J3,4 3.0 Hz, H-3), 4.78 (l-proton, doublet, J,., 4.0 Hz, 
H-2), 4.54 (l-proton, quartet, J3,4 3.0, J4,5 7.2 Hz, H-4), 4.30 (l-proton, quartet, 

J5.6 3.3, J&6’ 12.5 Hz, H-6), 4.10 (l-proton, quartet, J5,6, 5.8, J6,6, 12.5 Hz, H’-6), 
2.44 (3-protons, singlet, Me group from p-toluenesulfonate), 2.02 (3-protons, singlet, 
Me group from acetate), and 1.52 and 1.30 (6-protons, two singlets, Me groups from 
isopropylidene group). 

Anal. Calc. for Ct5HZ8010S: C, 57.68; H, 5.42; S, 6.16. Found: C, 57.46; 
H, 5.35; S, 6.09. 

1,2-O-Isopropylidene-#l-L-idofuranose (3). - Compound 2 (5.2 g, 0.02 mole) 
was dissolved in tetrahydrofuran (20 ml), and the solution was slowly added (30 min) 
to a stirred solution of sodium (2.8 g, 0.12 mole) in liquid ammonia (100 ml). After 
the reaction mixture had been stirred for 2 h at -80” and 1 h at room temperature, 
ammonium chloride and water were added, and the ammonia was evaporated at 
room temperature. The residual solution was diluted with ethanol and saturated with 
carbon dioxide. The precipitate of sodium hydrogen carbonate was filtered off, 
washed several times with small portions of ethanol, and the combined filtrates were 
evaporated to dryness in vacua. The dry residue was dissolved in boiling chloroform 
(ca_ 200 ml), and the undissolved material was filtered off. The solution was evaporated 
to dryness, and a brownish, oily residue (4.18 g) was chromatographed on silica gel 
(“Merck”, grain size <O.OS mm). Elution with 8:ll:l chloroform-acetone-methanol 
afforded 2.07 g which, after recrystallization from acetone-hexane, gave 1.46 g (66%), 
m-p. 116-117”. 
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Nucleophilic displacement reactions in carbohydrates. 
Part XIII’. A synthesis of benzyl 5,6-acetylepimino-5,6-dideoxy-2,3-O- 
isopropylidene-B-L-gulofuranoside 

J. S. BRIMACOMBE*, F. HUNEDY, AND M. STACEY 

Chemistry Department, The University, P. 0. Box 363, Birmingham I5 (Great Britain) 

(Received October 17th, 1969) 1 

The adduct formed by iodine azide and 5,6-dideoxy-1,2-0-isopropylidene-a-D- 
xylo-hexofuran-5-enose (1) has been shown’ by X-ray crystallograjphic analysis to be 
6-azido-5,6-dideoxy-5-iodo-l,2-O-isopropylidene-B-L-idofuranose (2). The addition 
can be said to exhibit [I-C(S)]-regiospecificity3, or, in Fore familiar terms, an anti- 
Markovnikov addition has occurred. Since the addition of iodine azide to a number of 
terminal, unsaturated sugars was planned, it was desirable to establish a convenient 
chemical proof of structure of the adducts formed. It should be possible4 to convert 
the adducts (e.g., 2) into 5,6-epimino derivatives (e.g., 3; R 7 H or AC) by treatment 
with lithium aluminium hydride and N-acetylation. Provided that other terminal, 
unsaturated sugars exhibit the same regiospecificity towards iodine azide as I, 
identification of the derived epimino derivative will establish the stereochemistry of 
the adduct at C-5. No 5,6-epimino sugars were known at the instigation of this work, 
but syntheses of N-substituted derivatives having the D-gluco-s, L-altro-6, L-ido-6*7, 

L-tale-7, and L-rnanno-7 configurations have been described recently. In view of 
projected studies on the addition of iodine tide to the unsaturated sugar 4, we sought 
to prepare benzyl 5,6-acetylepimino-5,6-dideoxy-2,3-0-isopropy~dene-~-L-~o- 
furanose (11). A synthesis of this epimine was achieved by procedures essentially 
similar to those already described5*6. 

Monomethanesulphonylation of the dial* 5 gave, principally, b?nzyl 2,3-0- 
isopropylidened-O-methanesuiphonyl-c-D-mannofuranoside (6), whose structure 
was established by its conversion into 6-deoxy-2,3-O-isopropylidene-a-D-manno- 
furanose (7) following desulphonyloxylation with lithium aluminium hydride, and 
hydrogenolysis of the gljrcosidic substituent. The identity of ComDound 7 was readily 
established by comparison of its physical and spectroscopic properties with those of 
the L enantiomerg. The sulphonic ester group of 6 was smoothly displaced with tide 
ion in NJV-dimethylformamide to give benzyl6-azido-6-deoxy-2,3-O-isopropylidene- 
a-D-mannofuranoside (S), which was esterified to give the 5-methanesulphonate (9). 

*To whom inquiries should be addressed at The Chemistry Department, The University, Dundee 
DDl 4HN, Scotland. 
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7 

10 8 R=H 11 
9 R=Ms 

Subsequently, it was found that the primary &phonic ester group of benzyl2,3-O- 
isopropylidene-5,6-di-O-metbanesulphonyl-c-mannofuranoside (10) could be 

selectiveiy dispIaced with sodium azide in N,N-dimethylformamide, thereby affording 
a more direct route to 9. 

Treatment of 9 with lithium aluminium hydride at room temperature gave, 
after N-acetylation of the product, compound 11. The n.m.r. spectrum of 11 supported 
the general structure assigned, but, more significantly, the ix. spectrum exhibited a 
prominent absorption at ca. 1700 cm-’ characteristic” of the N-acetylepimino 

group, whereas absorptions attributable to a NH group were absent from the 
spectrum. 

JXPERIMENTAL 

Thin-layer chromatography (t.1.c.) and column chromatography on silica gel 
were conducted by using mixtures of toluene and acetone as the irrigant. Infrared 
spectra were recorded with a Perkin-Elmer Infracord spectrometer, and n.m.r. 
spectra were measured on ca. 10% solutions in deuteriochloroform with a Perkin- 
Elmer R-10 spectrometer. Light petroleum refers to the fraction having b-p. 40-60”. 

Benzyl 2,3--O-isopropylidene-6-~-~er~~~e~~hQ~y~-a-D-?~~~nof~r~os~~e (6). - 

Methane&phony1 chloride (1.15 ml) was added to a solution of the dial’ 5 (3.1 g) in 
dry pyridine (50 ml), and the mixture was kept overnight at room temperature. Work 
up, in the usual way, gave the methanesulphonate 6 (3.5 g, 900/o), m.p. 92-93” (from 
ether-light petroleum), [a]n +69” (c 1, chloroform) (Found: C, 52.5; H, 5.8; S, 8.2. 
C,,Hz40sS oalc.: C, 52.6; H, 6.2; S, 8.2%). N.m.r. data: z co. 2.70 (singlet, 5 aromatic 
protons), 4.92 (singlet, H-l), 5.45 (AB quartet, J 12 Hz, benzyl metbylene protons), 
6.96 (singlet, 3 protons, OMs), 8.54 and 8.68 (singlets, each 3 protons, CMe& 
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Recrystalhsation from ether-light petroIeum gave compound 9 (2.6 g, 98%), m 
73-74”, [oL]~ f51” (c I, chloroform), which could not be distinguished (i-r. and n.rr 
spectroscopy, mixed m.p.) from the product obtained in (a). 

Benzyl 5,6-acetyZepimino-5,6-dideoxy-2,3-0-isopropyZidene-~-L-g~Zofura~os, 

(W - A solution of 9 (2 g) in ether (50 ml) containing lithium aluminium hydri 
(ca. 1 g) was stirred for 16 h at room temperature, whereupon the excess of reage 
was decomposed by adding ethyl acetate and water. Removal of solids and the solver 
left a semi-crystalline material (1.2 g, ~85%) which failed to recrystallise sat 
factorily. A portion of crude epimine (0.14 g) was dissolved in dry methanol (6 m 
acetic anhydride (2 ml) was added, and the solution was left for 2 h at room temper 
ture. Removal of the soJvents (aided by co-distillation with toluene) afforded a thic 
syrup which was chromatographed on silica gel to give the acetylepimine ll(O.14 
87%), m.p. 61-62" (from chloroform-light petroleum), Y,,, 1710 cm-’ (NAc 
[a]b +26 t-2” (c 0.6, chloroform) (Found: C, 65.2; H, 7.2; N, 3.6. C,sH2sN05 talc 
C, 64.85; H, 6.95; N, 4.2%). N.m.r. data: T ca. 2.70 (singlet, 5 aromatic protons 
4.85 (singlet, H-l), 5.43 (AB quartet, J 12 Hz, benzyl methylene protons), 7.5 
(singlet, 3 protons, NAc), 8.52 and 8.70 (singlets, each 3 protons, CMe,). 
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The identity of madurose with 3-Cl-methyl-D-galactose 

M. P. LECHEVALIER AND N. N. GERBER 

Institute of Microbiology, Rutgers University, The State University of New Jersey, New Brunswick, 
New Jersey 08905 (U. S. A.) 

(Received August 26th, 1969; in revised form, October 27th, 1969 

Madurose has been the term used1 to refer to an unknown sugar found in the 
whole-cell hydrolyzates of certain filamentous bacteria known as actinomycetes. 
These include members of the genera Actinobifida, Actinomadura, Dermatophilus, 
Microbispora, Planomonospora, Spirillospora, and Streptosporangium. The presence 
of this compound in cells has been found to have taxonomic significance’. 

Previously3, it has been reported that the sugar, which gives a brown color 
upon reaction with aniline phthalate, is nonfermentable and migrates just ahead of 
arabinose in many paper-chromatographic systems. It is not present in the hydrol- 
yzates of purified cell walls of the above organisms4, and is not considered part of the 
murein. Mild hydrolytic conditions are required to release the madurose-containing 
polysaccharide from whole cells. Extraction with neutral solvents is ineffective. 

We have isolated the sugar from a strain of Actinomadura madurae by acid 
hydrolysis of the whole cells, followed by purification by ion-exchange and preparative 
paper chromatography. The per(trimethylsily1) ether derivative has been purified by 
preparative gas chromatography. The mass spectrum of this derivative showed small 
but real peaks at 467 (M-Me) and 435 (M-Me and MeOH) mass units which 
suggested an O-methylhexose. An examination of the entire mass spectrum, in the 
light of the excellent identification scheme given by Petersson and Samuelson’ for the 
determination of the number and position of methyl groups in methylated aldohexoses, 
indicated that madurose was a 3-O-methylhexose. Finally, comparison of madurose 
with authentic 3-O-methyl-D-galactose6 by paper and gas chromatography showed 
the compounds to have identical characteristics. The D configuration was established 
by the use of D-galactose oxidase ‘_ Thus, we wish to report the addition of actino- 
mycetes to the list of natural sources of 3-O-methyl-D-galactose. These have included 
slippery elm mucilage’ and sassafras polysaccharideg*lo. As far as we know, this is 
the first time that this sugar has been isolated from a microorganism. 

EXPERIMENTAL. 

Fermentation. - Actinomadura madurae N15 grown on yeast-extract-dextrose 
agar slants [Difco yeast extract (10 g), cerelose (crude dextrose) (10 g), agar (15 g), and 
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tap water (1000 ml), pH 7.21 at 28” for 2 weeks was used as inoculum for two 250-ml 
Erlenmeyer flasks containing 50 ml of the just described medium without agar (YD). 
After 6 days of continuous shaking at 215 r.p.m. at 28” (rotary-action shaker, Model V, 
New Brunswick Scientific Co., Inc., New Brunswick, N. J.), the resultant growth was 
used at a concentration of 5% to inoculate 20 more flasks of the same type. After 
shaking for 2 days, this growth was used to inoculate 20 2-liter Erlenmeyer flasks 
containing 200 ml of YD. After agitation on a reciprocal shaker at 60 strokes per 
minute (model T-R, New Brunswick Scientific Co.) for 3 days, the wet cells, which 
were harvested and washed by filtration, were hydrolyzed with 0.5~ sulfuric acid for 
3h, at 97”. 

Isolation and ptwification. - The ‘hydrolyzate was partially neutralized to 
pH 5.5 with solid barium hydroxide, the resulting suspension centrifuged, and the 
supernatant lyophilized. Aqueous solutions of the dried residue were passed succes- 
sively through columns of Amberlite IR-120 (H+) and IR-45 (OH-), and the effluent 
was lyophilized. Aqueous solutions of this material were spotted on Whatman 
No. 3MM paper, and the chromatograms were developed by descending chromato- 
graphy in either water-saturated butyl alcohol or 5:3:3:4 butyl alcohol-pyridine-water- 
toluene for 72 or 24 h, respectively. The various sugars present were detected at the 
edges of the paper with the aniline phthalate reagent. The bands of madurose were cut 
out, and eluted with distilled water, and the eluates were lyophilized. 

The residues were treated for 10-30 min in closed vials with an excess of “Sil- 
Prep” reagent (Applied Science Labs., Inc., P-0. Box 440, State College, Pa.), and 
then the solutions were diluted with water and extracted with cyclohexane. The 
concentrated cyclohexane solutions were chromatographed directly on a column 
(6-foot x 0.25 inch) of 10% SE 30 on Diatoport W, 60-80 mesh, in an F and M 
Model 700 dual-column gas chromatograph equipped with a thermal conductivity 
detector. For analytical gas chromatography, the conditions were as follows: He, 
46 ml per min; column temperature, 190” isothermal; injection port temperature, 260”; 
detector temperature and voltage, 266” and 150 mV. The chromatograms of madurose 
and authentic 3-O-methy&D-galactose are reported in Fig. 1. For comparison, 
authentic samples of the various sugars were kept in aqueous solution at room temper- 
ature for 3 days prior to “Sil-Prep” treatment. 

For the preparation of a 1-mg sample of the per(trimethyl)silyl derivative of 
madurose for mass spectroscopy, the column was programmed at 4” per min starting 
at 140”; the other conditions remained the same. A solution of the crude material 
(about 3 mg) in 100 p! of solvent was injected, and up to 1 mg of purified product was 
collected at the exit port with a glass-capillary tube (117 x 1.3 O.D. mm). Only the two 
major, overlapping, peaks were collected at 20.2 min. Ribitol, which was present as a 
contaminant, and was identified by comparison with an authentic sample both by gas 
and paper chromatography, was well separated from madurose; it had a retention 
time of 18.8 min. Mass spectroscopy was performed with a Hitachi-Perkin Elmer 
RMU-7 using an ionization potential of 70 eV, and chamber and inlet temperatures 
of 200” and 155”, respectively. 
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Fig. 1. Gas chromatograms of per(trimethylsily1) ether derivatives of equilibrated sugar samples: 
(a) authentic 3-0-methyl-D-galactose; (b) madurose (1, ribitol contaminant). 

Samples of D-galactose, authentic 3-O-methyl-D-galactose, and madurose were 
treated with a commercial D-galactose oxidase preparation (Galactostat Reagent, 
Worthington Biochemical Corp., Freehold, N. J., U. S. A.) according to the directions 

TABLE I 

MOBILITY OF MAZDUROSE AhT3 OTHER SUGARS ON PAPER CHROBZATOGRAMS IN VARIOUS SOLVENTS= 

Sugars Soloent sysremsb 

A B C 

Madurose 0.72 0.73 
3-0-Methyl-D-galactose 0.72 0.73 
6-O-Methyl-D-gaiactose 0.76 0.85 
D-Gaiactose 0.27 0.37 
D-Glucose 0.34 0.40 
D-Allose 0.41 0.48 
D-Mannose 0.47 0.52 
r--Arabinose 0.58 0.63 
D-A&rose 0.72 0.63 
L-Fucose 0.80 0.86 
2-Deoxy-D-galactose 0.83 0.88 
2-Deoxy-o-glucose 0.99 0.95 
3-O-Methyl-D-glucose 1.06 0.97 
L-Rhamnose 1.26 1.14 

0.43 
0.43 
0.52 
0.18 
0.19 

0.28 
0.43 

“Mobility relative to D-ribose; descending paper chromatography on Whatman No. 1 paper. ‘A, 
Rutyi alcohol-pyridine-water-toluene (5:3:3:4, upper phase), 48 h at 250; B, ethyl acetate-acetic 
acid-water (3:1:3, upper phase), 12 hat IS”; C, sodium borate-saturated butanone-water azeotrope, 
41 h at 25” (Ref. 13). 
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of the manufacturer. The chromogen was oxidized, in all 3 cases, to compounds 
having a broad peak of absorption at approximately 429 nm, thereby establishing the 
D configuration for madurose. 

From our own results and those of others’ 1*12, it would seem that the gas- 
chromatographic comparison of per(trimethylsily1) ethers of sugars equilibrated in 
aqueous solution should serve as a valuable “~ngerprint” for identscstion. For 
example, equilibrated 3-O-methyl-D-glucose yielded, using the same conditions as 
those reported for Fig. 1, three peaks having retention times (relative to o-glucose, 
the asterisk indicating a major peak) of 0.58*, 0.69, and O-86*, 6-O-methyl-D-galactose, 
peaks at 0.54*, 0.66*, and 0.79* (spacing and peak area clearly resembling the 
published data”) and D-galactose, peaks at 0.75, 0.90* and l.OS*. Madurose and 
3-O-methyl-D-galactose had peaks at 0.59, 0.66* (shoulder), 0.67* and 0.77. 

A comparison of madurose with other sugars by paper chromatography in 
several solvent systems is given in Table I. 
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Further considerations of the acid hydrolysis 

(THE LATE) ALEXANDER MELLER 

C. S. I. R. O., Dicision of Forest Products, P. 0. Box 310, Soath Melbourne, Vie. 3205 (Australia) 

(Receive2 October 6th, 1969; in revised form, November lSth, 1969) 

Recent experimental work’ has shown that the hydrolysis rate [@)I of the 
glucosidic bond near the non-reducing end of celiotriose is 1.53 times greater than 
that near the reducing end [@)] for hydrolysis in 50% and 5% sulphuric acid. 
Further, both rate constants are significantly smaller than that for cellobiose (&) 

under the same conditions. Consequently, acid-catalyzed hydrolysis of cellotriose 
proceeds according to Case I (ref. 2), and 

ekzr(l-ar) 5 B(e-Cr-l)+l 

N - BCt f 1 for small values of t, 

where C = k$‘)+I~$~)--k, 
B = (C-k,)/ZC 

a = degree of bond splitting in the hydrolysis of cellotriose. 

(0 

Since ky’ = 1_53ky), equation (I) can be written as 

ekzr(I -a~) = (k,- 1_265k(:))t+ 1. (2) 

For small values of t, both the measured2 and corrected3s4 values of CI are nearly 
identical, which implies that side reactions are negligible in the early periods of the 
hydrolysis of cellotriose. Under these conditions, the plotted values of ek2’(1 -CC) U.S. f 
lie on a straight line, and ky) can be estimated from the slope of the line. As shown 
in the following tabulated data, cellobiose is hydrolyzed 1.4 times faster than the 
g!ucosidic bond near the non-reducing end of the cellotriose mole&e. 

Hydrolysis conditions kz x I@ kg’ x IO= 
(xc-1) (se@) 

kL2) x 106 
(see-I) 

kz/kh2’ 

65% &so4, 6’= 1.35 0.630 0.963 1.4 
18”b 11.10 5.185 7.950 1.4 

51% HeSOd, 18”b 1.56 0.733 1.117 1.4 
3O”b 11.33 5.290 8.080 1.4 

URef. 5. bRef. 3. 
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A sulfenyl iodide in the mixture formed by oxidation of a sugar xanthate 
with iodine 

B. s. SHASHA, W. M. DOANE, C. R. RUSSELL, AND C. E. Rwr 

Northern UtiliIation Research and Deoelopment Dioision, Agricultural Research Seroice, (I. S. 

Department of Agriculture, Peoria, IlIinois 61604 (U. S. A.) 

(Received October 31st, 1969) 

Oxidation of xanthates by iodine gives dithiobis(thioformates) according to the 
equation 

2RO(C=S)SNa+I, -+ [RO(C = S)S], + 2NaI 

This coupling reaction with iodine and with other oxidants has been employed for 
over a century to prepare products having industrial utility. There have been numerous 
reports of these oxidative reactions ‘, but the mechanism of the reaction represented 
by the equation has not been investigated. 

Our work with carbohydrate xanthates and the corresponding dithiobis(thio- 
formates) suggested that these systems might be appropriate for studying the coupling 
reaction, since the carbohydrate dithiobis(thioformates) are usually crystalline and 
are readily characterized. The present report proves that a carbohydrate sulfenyl 
iodide is formed during the oxidation of a sugar xanthate by iodine. 

When a concentrated solution of 1,2:5,6-di-O-isopropylidene 3-O-(&sodium 
dithiocarbonyl)-a-D-glucofuranose (1) was treated with a concentrated solution of 
iodine, t.1.c. of the mixture showed one major spot - the known dithiobis(thio- 
formate) (2), and two minor spots, a slower-migrating one identified as 1,2:5,6-di-U- 
isopropylidene-a-D-glucofuranose, and a faster-migrating one. The latter component, 
formulated as 3-U-(S-iododithiocarbonyl)-l,2:5,6-di-O-isopropylidene-a-D-glucofu- 
ranose (3), was easily observed on t.1.c. because of its brown color on the white 
background of the plate. On spraying the t.1.c. plate with a solution of starch, the 
brown spot turned immediately blue, indicating the presence of iodine. However, 
during attempts to remove the component from the plate it lost iodine and became 
transformed into 2. Previously3 we showed that 2 reacts very readily with chlorine 
to give the corresponding chloromethylsulfenyl chloride, -which on standing gives 
acidic gases. The possibility of formation of a similar product with the oxidation 
with iodine was rejected since pure 2 did not react with iodine to give 3. The structure 
proposed for 3 was proved through a mark stable derivative prepared by reaction of 3 
with diazomethane. 

Although 2 remained intact on treatment with diazomethane under neutral 
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conditions, 3 gave 3-O-[(iodomethylthio)thiocarbonylJ-1,2:5,6-di-O-isopropylidene-or- 
D-glucofuranose (4), which was identified by elemental analysis, u-v,, i-r., and n.m.r. 
spectroscopy, and by its synthesis by a different route. The insertion of a methylene 
group by reaction of a sulfenyl chloride derivative with diazomethane is known4. The 
U.V. spectrum of 4 showed absorption maxima at 235 and 290 mu, whereas the 
known 1,2:5,6-di-O-isopropylidene-3-O-[(methylthio)thiocarbonyl]-a-~-glucofuranose 
absorbed at 230 and 280 nrn. The latter formed when 2, in the presence of alkali, 
reacted with diazomethane. The n.mr. spectrum of 4 in carbon disulfide showed a 
singlet for the methylenic ester group somewhat overlapping the doublet of the H-2 
signal that was centered at z 5.5. Irradiation of H-l resulted in a sharpening of the 
singlet. The independent synthesis of 4 was done by treating 1 with diiodomethane. 
T.1.c. of the reaction mixture revealed two main components, identified as 4 and 
bis(l,2:5,6-di-O-isopropylidene-3-O-t~ocarbonyl-~-D-glucofuranose)dithiomethylene. 
Compound 4 is unstable and darkens when kept overnight at room temperature; 
after a few days, t.1.c. showed several components, one of which was identified as 
1,2:5,6-di-O-isopropylidene-r-glucofuranose. The decomposition is accelerated by 
exposure to heat and U.V. light. 

When bis(methy1 4,6-U-benzylidene-cr-D-glucopyranoside) 2,2’-dithiobis(thio- 
formate) (5) was prepared from the corresponding xanthate (6) and iodine, it decom- 
posed with loss of the benzylidene group when kept in methanol for 3 h at 25". 
However, when 5 was prepared from 6 and sodium chlorite, it underwent no change 
during several h in methanol. The difference in behavior of the two preparations might 
be due to the presence of small amounts of sulfenyl iodide in the former preparation. 
The sulfenyl iodide intermediate would decompose with liberation of hydrogen 
iodide, which would cause hydrolysis of the benzylidene group. 

R&CH21 

4 2 
R=1,2:5,6_di-O-isopropylidene-r-D-glucofuranose 3-0- 

EXPEFUMENTAL 

Melting points were determined with a Fisher-Johns* apparatus and are 
uncorrected. optical rotations were measured in a 1-dm tube with a Rudolph polari- 
meter. 1.r. spectra were recorded with a Perkin-Elmer Model 137 or 621 spectrb 
photometer having silver chloride optics as Nujol mulls or films, and the U.V. spectra 
were recorded with a Perkin-Elmer Model 202 spectrophotometer. N.m.r. spectra 

*The mention of firm names or trade products does not imply that they are endorsed or recommended 
by the Department of Agriculture over other iirms or similar products not mentioned. 
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were recorded by a Varian HA-100 spectrometer with tetramethylsilane as internal 
reference standard (Z = 10.00). For t.1.c. Silica Gel G was used as the adsorbent, 9:1 
(v/v) carbon disutide-ethyl acetate as the solvent, and 19:l (v/v) methanol-sulfuric 
acid as the spray reagent. Diazomethane was prepared from l-methyl I-nitrosourea’. 

Bis(l,2:5,6-di-O-isopropylidene-a-~-glucofuranose) 3,3’-[dithiobis(thioformate)] 
(2). - A. With iodine. 1,2:5,6-Di-U-isopropylidene-a-D-glucofuranose (1 g) in methyl 
sulfoxide (0.5 ml) and carbon disulfide (1 ml) was treated with 5~ sodium hydroxide 
solution (1 ml) for 5 min. The solution was Co&d to 5”, neutralized with acetic acid 
@M), and the xanthate thus produced was crosslinked by iodine solution (0.38~). A 
syrupy, dark precipitate formed upon crosslinking. The color was apparently not 

by iodine it not rerxoved washing water with 

aqueous of iodide. when syrup dissolved ether 
washed an solution sodium the color to 

yellow. ether was with dried and 
to heavy which crystallized give 2. 

B. With sodium chlorite. 1,2:5,6-Di-O-isopropylidene-a-D-glucofuranose (1 g) 
in methyl sulfoxide (0.5 ml) and carbon disulfide (1 ml) was treated with 5M sodium 
hydroxide solution (1 ml) for 5 min. The mixture was cooled to 0”, sodium chlorite 
(0.5 g) in water (2 ml) was added, followed by 5M acetic acid until the solution 
became neutral. T.1.c. of an ether extract showed 2, together with traces of the starting 
sugar. Evaporation of the ether gave a heavy syrup which was crystallized from 
ethanol to give pure 2. This product was stable during 3 h in methanolic solution, 
whereas 2 prepared with iodine partly decomposed upon like treatment. 

EO-[(IodomethyZthio)thiocarbonyl]-I,2:5,6-di-O-isopropylidene-a-~-gI~~cofuranose 

(4). - A. The dark syrup obtained by crosslinking the xanthate with iodine (see part 
A of the previous section) was dissolved in ether, cooled to 5”, and treated with an 
excess of a cold, ethereal solution of diazomethane. The solution turned bright yellow. 
After about 15 min, 4 was isolated by preparative t.1.c. with ether as eluent; yields 
l-2% (based on 1,2:5,6-di-O-isopropylidene-a-D-ghrcofuranose). 

Anal. Calc. for C,,H,,O,&I: S, 13.4; I, 26.6. Found: S, 13.0; I, 25.0_ 
B. Compound 4 was also prepared from the corresponding xanthate and 

diiodomethane. The xanthation was carried out as before and the mixture was 
neutralized and treated with diiodomethane (0.5 ml for every 1 g of 1,2:5,6-di-0- 
isopropylidene-a-D-glucofuranose). After about 15 min, t.1.c. of an ethereal extract 
showed two main components. Isolation of the components from preparative t.1.c. 
plates gave 4, together with bis(l,2:5,6-di-O-isopropylidene-3-O-thiocarbonyl-ar-D- 
gIucofuranose)dithiomethylene (m.p. 112-l 13” from hexane). 

Anal. Calc. for C2,H4c01+S4: C, 47.3; H, 5.8; S, 18.6; mol. wt., 684. Found: 
C, 46.9; H, 6.0; S, 18.8; mol. wt., 654 (Rast in camphor). 

Reaction of 2 with diazomethane. - No reaction took place (t.1.c. and u.v.) 
when diazomethane was added to 2 dissolved in ether. However, when a drop of 
alkali was added to the mixture, t.1.c. revealed the presence of a compound having 
a R, value higher than that of 2; the product was isolated by preparative t.1.c. and 
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shown (i.r. and U.V. spectra, and t.1.c.) to be the known 1,2:5,6-d&0-isopropylidene-3- 
O-[(methyhhio)thiocarbonyl]-or-D-glucofuranose. The latter had been previously 
prepared’ by reaction of the corresponding xanthate with iodomethane. 

Bis(merhyZ 4,6-O-benqfidene-a-c-D-ghcopyranoside) 2,2’-[ditfziobis(tfzioformate)] 

(5% - A. Witfz iodine. Compound 5 was prepared by oxidation of the corresponding 
xanthate with iodine according to a procedure described earJier6. The product, which 
contained mostly the 2,2’ isomer (about 85%), was kept at 25” in methanol. The 
hydrolysis of the benzylidene group was monitored by t.1.c. and verified by i.r. 
spectroscopy. In p-dioxane the hydrolysis was much slower and in ether it was 
undetectable. 

B. Wzlfz sodium cfdorite.. Methyl 4,6-0-benzylidene-a-D-glucopyranoside (1 g) 
in 3 ml of p-dioxane was treated with 5h~ sodium hydroxide (1 ml) and carbon 
disulfide (1 ml). Sodium chlorite (0.5 g) in water (2 ml) was added and the mixture was 
kept for about 10 min while an exothermic reaction took place. The product was then 
extracted with ether and the extract washed with water to give, besides the starting 
sugar, one major spot on t.1.c. which corresponded to methyl 4,6-O-benzyJidene-c+D- 
glucopyranoside 2,3_thionocarbonate and a minor spot corresponding to 5. The 
structure of the thionocarbonate was verified by u V. spectra (It”‘;,“” 238 nm). 

The xanthation reaction was repeated unde;* slightly different conditions to @ve 

mostly 5. Methyl 4,6-0-benzylidene-cr-D-glucopyranoside (1 g) in p-dioxane (3 ml) 
was treated with 5&i sodium hydroxide (1 ml) and carbon disuhide (I ml). After 5 ruin 
at 25” the mixture was cooled to 0” and then treated with sodium chlorite (0.5 g in 
2 ml of water). The reaction mixture was brought to pH about 4 with 5M acetic acid. 
Thorough mixing and slow addition of the acid during neutralization was found to be 
essential. After IO min the mixture was extracted with ether and washed with water as 
above. The product thus formed (5) was stabJe (t.1.c.) on standing in methanol for 3 h. 

REFERENCES 

1 E. E. REID, Organic Chemistry of Biua[ettt Suifttr, Vol. 4, Chemical Publishing Co., New York, 1962, 
Chapter 2. 

2 W. M. DOANE, B. S. SHASHA, C. R. RUSSELL, AND C. E. RXT, J. Org. Chem., 32 (1967) 1080. 
3 B. S. SHASHA, W. M. DOANE, C. R. RUSSELL, AND C. E. Rrs~, J. Org. Chetn., 34 (1969) 1642. 
4 N. KHARASCH, Organic Sufi~r Cotttpomds, Vol. 1, Pergamon Press, New York, 1960, p. 387. 
5 F. ARNDT, in A. H. BLAIT (Ed.), Organic Synrhesis, COIL Vol. 2, Wiley, New York, 1943, p. 165. 
6 E. I. STOUT, W. M. DOANE, B. S. SHASHA, C. R. RUSELL, AND C. E. RIST. Carbobyd. Res., 3 (1967) 

354. 
7 L. HOUGH, J. E. PRIDDLE, AND R. S. THEOBALD, Advan. Carbohyd. Chem., 1.5 (1960) 99. 

Carbofrp?. Res., 13 (1970) 457-460 



Carbohydrate Research 
Elswier PublishingCompany.Amsterdam 
PrincedinEelgium 

Note 

461 

‘The isolation of both a t&o-heptulose and an albheptulose from the 
avocado. 
Some new paper-chromatographic data on heptuloses 

INGVARJOHAE~SSO~Q*ANDNELSONK.RICHTMYER 

National Imtitute of Arthritis and Metabolic Diseases, National itrsfitutes of Health, Bethesda, Md. 
20014 (U. S. A.) 

(Received December 19th, 1969) 

In 1960, Charlson and Richtmyer’ reported the isolation of a rule-heptulose 
from the avocado. They were unable to induce crystallization in their small sample by 
inoculation with synthetic D-tafo-heptuIose, but proof of its structure as a talo-heptul- 
ose seemed reliable, because, upon degradation with oxygen in cold alkaline solution, 
it yielded a lactone that was indistinguishable from D-talonolactone on paper chroma- 
tograms; the D Configuration was tentatively assigned to the falo-heptulose, because 
all other naturally occurring higher-carbon ketoses then known (as well as those 
since discovered) belong to the D configurational series. In 1966, Begbie and Richtmyer? 
reported the isolation of crystalline D-allo-heptulose from primula roots. 

Having new supplies of both L-allo- and D-t&o-heptulose available for compar- 
isons, we decided to try to confirm, by gas-liquid chromatography (g.l.c.), the 
presence of a talc+heptulose in the sample (X) isolated1 from the avocado. The data 
obtained from studies with four different columns (see the Experimental section) 
demonstrated conclusively that the avocado sample did indeed contain a tulo-heptu- 
lose; moreover, it also contained an allo-heptulose, as well as small proportions of 
other constituents, presumably polyhydric alcohols. 

Because we knew that the allo- and rule-heptuloses are not readily separated 
from each other by paper chromatography, we tested a number of solvent systems to 
see if one could be found that would separate them. One system (described in the 
Experimental section), composed of butanone, acetic acid, and saturated aqueous 
boric acid, cleanly separated the two heptuloses in 64 hours; and, when the avocado 
sample (X) was treated similarly on a paper chromatogram, two spots, respectively 
having the same mobilities as L-allo-heptulose and D-tale-heptulose, were visibilized 
with an orcinol spray that gives a characteristic color with these heptuloses. During 
the course of our search, we measured the mobilities, in five so!vent systems**, of the 
six heptuloses that were available to us, as well as that of sedoheptulosan 

*Fellow in the Visiting Program of the National Institutes of Health, February, 1965 to September, 
1969; present address: Swedish Forest Products Research Laboratory, Stockholm, Sweden. 
**For the mobilities of some heptuloses in other solvent systems, see Ref. 3. 
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(2,‘i’ anhydro-j?-D-al&o-heptulopyranose) compared to that of D-manno-heptulose (see 
Table I). 

TABLE I 

MOBILiCXES OF SOME HEPTULOSES IN DIFEERENT SOLvJ3xr-.5YsIFhfS 

Heptulose Solvent system 

I 2 3 4 5 

L-galacto- 0.90 0.91 0.95 0.97 1.21 
D-&lCO- 1.00 1.00 1.00 1.00 1.00 
D-manno- 1.01 0.97 1.04 1 .oo 1.42 
D-aho- 1.17 1.03 1.26 1.15 1.54 
L-allo- I.23 1.17 1.38 1.28 1.58 
D-tOlO- 1.28 1.17 1.48 1.32 2.05 
D-t010 1.04 1.02 1.07 1.03 I -24 

r-alio- 

Sedoheptulosan 

D-ma?zno-Heptulose 
1.00 1.10 1.06 1.36 1.47 

In summary, the presence of a r&o-heptulose in the avocado has been confirmed 
both by g.1.c. and by paper chromatography, and the presence of an allo-heptulose 
in a plant has been shown for the second time. It is likely that these avocado heptuloses 
belong to the D configurational series. 

EXPERMIZNTAL 

General. - G.1.c. was performed with an F & M Model 5750 Research Gas 
Chromatograph equipped with a flame-ionization detector; the columns were 
200 x 0.5 cm, and the flow rate was 75 ml of helium/min. The crystalline heptuloses 
were first dissolved in water, and the solution was kept overnight to equilibrate and 
then freeze-dried (so as to be similar to the sample from the avocado). The per(tri- 
methylsilyl (TMS) derivatives were prepared by adding pyridine and Regisil jbis(tri- 
methylsily!)trifluoroacetamide]* to the lyophilized compound, and letting the mixture 
stand overnight_ Details of the individual columns are as follows. Column A (copper) 
WZ; packed with 15% by weight of 2,2-dimethyl-1,3_propanediol (neopentyl glycol) 
succinate polyester on Chromosorb W (SO-100 mesh); column B (copper), with 10% 
by weight of neopentyl glycol sebacate polyester on Chromosorb W (SO-100 mesh); 
and column C (stainless steel), with 1% by weight of SE-30 (a methylsilicone poIymer) 
on Gaschrom P (SO-100 mesh). For columns A, B, and C, the column temperature 

*Tri-Sil Z [N-(trimethylsilyl)imldazole in pyridine solution] was also tried, but it was unsatisfactory, 
because it gave “ghost peaks” when injected into the polyester columns; these peaks were probably 
due to products formed by cleavage of some of the polyester linkages under the influence of the basic, 
imidazoie derivative. 

Carbohyd. Res., 13 (1970) 461-464 



NOTE 463 

was 180”. Column D (stainless steel) was packed with 10% by weight of SE-30 on 
Chromosorb W (SO-100 mesh); the column temperature was 205”. 

In the following discussion, retention times (r.t.) of the TMS derivatives are 
all relative to that of the tetra-TMS ether of TMS c+D-glucoside. 

Results with coZumn A. - The TMS derivative of o-tale-heptulose showed two 
peaks having r.t. 1.30 and 1.53; that of L-aZZo-heptulose showed a single peak having 
r.t. 1.34; and a mixture of the two showed peaks having r.t. 1.32 (obviously a com- 
bination of the 1.30 and 1.34 peaks) and 1.52. The TMS derivative of the avocado 

syrup (X) showed peaks having r.t. 1.33 and 1.54; the latter r.t. clearly indicates the 
presence of tale-heptuIose in the mixture. 

Results with column B. - The TMS derivative of D-tale-heptulose again showed 
two peaks, having r-t. 1.31 and 1.56; that of L-allo-heptulose showed a single peak 
having r-t. 1.42; and a mixture of the two showed all three peaks (though with con- 
siderable overlapping) having r-t. 1.34 (as a shoulder), 1.42, and 1.58. The TMS 
derivative of the avocado syrup (X) showed the same three peaks having r.t. 1.34 (as 
a shoulder), 1.41, and 1.59. 

Results with coZumn C. - The TMS derivative of D-tale-heptulose here showed 
three peaks having r-t. 1.32, 1.64, and 1.89; that of r_-allo-heptulose now showed two 
peaks having r.t. 1.62 and 1.81; and a mixture of the two showed distinct peaks 
having r-t. 1.33, 1.64, and 1.81 followed by a slight shoulder undoubtedly derived 
from the peak having r-t. 1.89 (D-tale-heptulose). The TMS derivative of the avocado 
syrup (X) showed an almost identical pattern, with peaks having r.t. 1.31, 1.66, 1.81, 
and a shoulder having a slightly higher r.t. 

Results with column D. - The TMS derivative of D-tale-heptulose again showed 
three peaks, having r.t. 1.29, 1.54, and 1.60, the last being a shoulder; that of L-allo- 
heptulose showed two distinct peaks having r.t. 1.54 and 1.75; and a mixture of the 
two showed four peaks having r-t. 1.29, 1.56, 1.62 (shoulder), and 1.76. The TMS 
derivative of the avocado syrup (X) showed an almost identical pattern of four peaks 
having r-t. 1.29, 1.57, 1.63 (shoulder), and 1.77. 

Paper chromatography.- Paper chromatography was performed on Whatman 
No. 1 filter paper by the descending method at room temperature. The solvent systems 
used were (I), 6:4:3 (v/v) butyl alcohol-pyridine-water; 
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before being sprayed with the orcinol-hydrochioric acid reagent; otherwise, it was 
necessary to spray and heat several times with the latter reagent to bring out the color. 

Each of the other heptuloses was compared directly with D-gZzXo-heptulose as 
the standard. D-iaZo-Heptulose was also compared directly with L-aNo-heptulose, and 
sedoheptulosan directly with D-manna-heptulose. The values recorded in Table I are 
the averages obtained from six spots on each chromatogram, and from chromato- 
grams developed for various lengths of time; thus, in solvent (I), the chromatograms 
were developed for 24 and 40 h; solvent (2), 24 and 47 h; solvent (3) 16,24, and40 h; 
solvent (4), 17, 25 and, 41 h; and solvent (5) 24 h (except for the ~-tab verms 

L-allo-heptulose, for which the chromatograms were developed for 16, 24, 40, and 
64 h). In addition to the solvent systems listed in Table I, two others were tried; in 
4:l:l (v/v) butyl alcohol-ethyl alcohol-water (24,72, and 144 h), the talo-:aZZo-heptul- 
ose ratio was 0.97, and in 12:5:4 (v/v) ethyl acetate-pyridine4% aqueous boric 
acid (16 and 24 h), the ratio was 1.05. 
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Preparation of trialcohols and some of their derivatives from nucleosides 

LEON M. LERNER 

Department of Biochemistry, State University of New York, Downstate Medical Center, Brooklyn 
New York 11203 (U. S. A.) 

(Received November 7th, 1969; in revised form, December 3Xst, 1969) 

The nucleoside trialcohols have been known for at least a decade, and studies 
have been made of some of their chemical characteristicsl. However, they have not 
been obtained as analytically pure compounds and therefore could not be completely 
characterized nor their potential biological properties be studied. For example, they 
may be potential inhibitors of enzymes of the nucleic acid metabolism, or can be used 
as reference compounds in the periodate oxidation-reduction of the terminal end of 
RNA2. The preparation, purification, and chemical characterization of the nucleoside 
trialcohols derived from adenosine, uridine, and cytidine, are the subjects of this report. 

CH2QR= R’ 

1) No104 I I 
2) NOW-I., 

- HCO-C-C+ORU 

I I 

HO OH 
CH20Rn H 

1 R = uracil-l-y1 
2 R = adenin-l-y1 
3 R = cytosin-l-y1 
4 R’ = uracil-1-yl; R” = H 
5 R’ = uracil-1-yl; R” = p-nitrobenzoyl 

6 R’ = adenin-l-yl; R” = H 
7 R’ = adenin-l-yl; R” = COPh 
8 R’ = cytosin-l-y!; R” = H 
9 R’ = cytosin-l-yl; R” = COPh 

Each nucleoside trialcohol was isolated by a different procedure. The uracilyl 
derivative 4 was purified by application of ion-exchange chromatography. The 
adeninyl derivative (6) was converted into a picrate salt, which was purified by 
recr;stallization. Regeneration of pure 6 was accomplished with an anion-exchange 
resin in the carbonate form3. In contrast to 6, it was not possible to form a stable, 
crystalline picrate of the cytosinyl derivative (8). The general methodology, useful in 
the isolation of 4, gave only very small amounts of 8. Therefore, the crude nucleoside 
(8) was isolated as the organic soluble acetate and was washed free of salts. Removal 
of the acetate groups and column chromatography yielded pure 8. In no case was it 
possible to achieve crystallization of any of the nucleoside trialcohols from common 
solvents. They were finally obtained as hygroscopic powders after lyophilization, 
and it was necessary to further dry these powders under high vacuum at elevated 
temperature. 
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The nucleoside trialcohols gave highly characteristic crystalline derivatives. 
Compounds 6 and 8 gave tribenzoates after purification via the picrate salts. Benzoyl- 
ation of 4 did not give a crystalline derivative; therefore, a tri-p-nitrobenzoate (5) 
was characterized. 

EXPERIMENTAL 

Melting points were determined on a KofIer micro hot-stage and are corrected. 
Elementary anaIyses were determined by the Baron Consulting Co., Orange, Connec- 
ticut. TLC. was performed on Brinkmann F,,, silica gel plates, and spots were 
Iocated with a Mineralight lamp. The following solvent systems were used: (A) 5% 
aqueous disodium hydrogen phosphate; (B) 86:14 butyl alcohol-water; (C) 6:3:1 
Z-propanoI<onc. ammonium hydroxide-water; (0) 9:l chloroform-methanol; and 
(E) 9:1 ethyl acetate-methanol (all proportions v/v). Evaporations were performed 
in t-acuo in a rotary evaporator with a bath temperature of 40-50”. 

r-(r,3-Dihydroxy-2-propyl)-l-uracil-l-yZ-~(R),2-erZzanedioI(4). - To a mixture 
of uridine (1, 2.5 g) and water (45 ml) was added sodium periodate (2.45 g) in small 
portions, while maintaining the temperature at 20-25” with an ice-bath. The reaction 
mixture was kept in a refrigerator, overnight, and poured into abs. ethanol (150 ml). 
After stirring for 15 min, the salt was removed by filtration and the filtrate was 
evaporated to dryness. The residue was dissolved in water (500 ml) and the solution 
was added, dropwise, to a stirred solution, protected from light4, containing sodium 
borohydride (2 g) dissolved in water (50 m1). After the solution had been kept for an 
additional 2 h in the dark, the pH was adjusted to 7 with Amberlite IR-120 (H+) 
resin. The resin was removed by filtration, and the water was evaporated to yield a 
residue which was dissolved in water. The solution was passed through an Amberlite 
IRC-50 (H +) column, which was washed with water. The water was evaporated, and 
four 100-ml portions of methanol were added and evaporated to remove boric acid 
as methyl borate. The syrupy residue was dissolved in 30% aqueous methanol (20 ml), 
and the soIution was applied to the top of a column of Dowex l-X2 (OH-, 200400 
mesh, 32 x 2.5 cm) which had been equilibrated with the same solvent’. The column 
was washed with 60% aqueous methanol (1200 ml), 90% aqueous methanol (2600 ml), 
and water (400 ml), and the product was eluted with 0.1~ ammonium hydrogen 
carbonate solution. Fractions (8.5 ml) were collected, and the contents of tubes 
97-l IO were combined and evaporated to dryness. The residue was dissolved in water 
and Iyophilized. The white solid was extremely hygroscopic and became gummy in a 
few minutes. Further drying in a drying pistol over phosporus pentoxide for 18 h 
at 100” gave 1.4 g, [oz]~~ 3-49 f 1 o (c I .7, water) ; Azay 262 nm (E 10,050) n%z 230 nm 
(8 1,930); i.r. data: 3350 (broad OH, C=NH), 1680 (-NHCO- of pyrimidinone), 
1458 (uraci1 ring), 1112-1040 (plateau C-O, C-O-C), 812, and 782-760 cm- ’ (pyrimi 
dine CH); t.1.c.: RF 0.75 (A), 0.24 (B) and 0.61 (C). 

Anai. Calc. for CgHi4Nz0,: C, 43.90; H, 5.73; N, 11.38. Found: C, 43.88; 
II, 5.78 ; N, 11.40. 

Tri-p-nitrobenzoate (5) of 4. - Compound 4 (118 mg) was treated with 
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p-nitrobenzoyl chloride in pyridinefor 25 h, and the mixture was finally heated on a 
steam-bath for 35 min. After the usual work-up, a syrup was obtained which solidified 
after standing for several h. The solid was triturated with methanol-chloroform, 
titered off, and recrystallized from 1: 1 acetone-methanol (12 ml). The tan-colored 
rosettes (252 mg) had m-p. 186-188”; i-r. data: 3480, 3060 (C=N-H), 1755, 1725 
(para-benzenoid substitution), 1710 (benzoate C=O), (-NHCO- of pyrimidinone), 
1600 (Ph and pyrirnidine ring), 1520 (NO,), 1345 (aromatic C-N), 1320 (NO,), 1265 
(benzoate C-O-C), 1102,1092,1078 (C-O, C-O-C), and 814cm- ’ (para-disubstituted 
Ph C-H); t.1.c.: RF 0.70 (0) and (E). 

Anal. Calc. for C30H23N50,5: C, 51.95; H, 3.34; N, 10.10. Found: C, 52.53; 
H, 3.42; N, 9.82. 

i-(I,3-Dihydrox~~-2-propyl)-l-(adenin-I-y~-l(R),Z-e~~zanedioi (6). - Adenosine 
(2,5.34 g) was suspended in water (80 ml), and sodium periodate (4.4 g) was added in 
small portions as described for 1. The mixture was kept for 1.5 h at room temperature 
and then reduced as described for the preparation of 4. After neutralization and 
filtration, the filtrate was evaporated to a small volume and adjusted with water to 
250 ml. 

A lOO-ml aliquot from this solution was evaporated to dryness. Warm methanol 
(100 ml) was added to dissolve the residue, the solution was cooled to room tempera- 
ture, 10% methanolic picric acid (200 ml) was added, and the solution was kept 
overnight at 0”. The yellow crystals (1.45 g) of the picrate were filtered off. A portion 
of the picrate (0.7 g) was recrystallized from methanol as tiny platelets (0.55 g), 
subliming at temperatures above 170” to form tiny needles, which decomposed and melt- 
ed slowly with continued heating; [a]k4 +43.0 +O.~“(C 1.41,N,N-dimethylformamide); 
i-r. data: 3310-3110 (broad OH, NH), 1690 (protonated adenine ring), 1600 (Ph and 
purine ring), 1560, 1540 (NO1, asymmetrical stretching), 1358 (aromatic C-N 
stretching), 1315 (NO,, symmetrical stretching), 1115, and 1075-1040 cm-’ (C-O, 
C-O-C). 

Anal. Calc. for C16H18Ns011: C, 38.54; H, 3.64; N, 22.50 Found: C, 38.56; 
H, 3.63; N, 22.80. 

A sample of the picrate (760 mg) was suspended in water (350 ml). Bio-Rad 
AGl-X8 (CO:-) ion-exchange resin was added in small portions with stirring until 
the yellow color had disappeared from the solution3. After an additional 1.5 h of 
stirring, the resin was removed by filtration. Evaporation of the water yielded a white 
foam, whereas lyophilization of an aqueous solution gave a white powder (345 mg), 
which was thoroughly dried ?IZ uacuo for 24 h at 65”; [a]“,” f58.9 +0.5” (c 1.63, 
water); AE=z 260 nm (e 14,000); i-r. data: 3340 (broad OH, NH), 1638, 1592, 1570, 
1475 (NH,-C=N, purine ring), 1112, and 1040 cm- ’ (plateau C-O); t.1.c.: RF 0.88 
(A), 0.29 (B), and 0.48 (C). 

Anal. Calc. for CloH15N504: C, 44.61; H, 5.62; N, 26.01. Found: C, 44.45; 
H, 5.37; N, 26.09. 

Tribenzoate (7) of 6 .- Compound 6 obtained from 0.7 g of the picrate was 
benzoylated with an excess of benzoyl chloride in pyridine. The viscous syrup, 
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obtained after the usual work-up, was dissoIved in hot ethanol, decolorized with 
Norit A, and the volume was condensed to about 25 ml. To this solution was added 
10% ethanolic picric acid (20 ml), and the mixture was heated at refiux for 1 h6, 
and kept for 24 h at room temperature. The yellow crystals of the picrate were filtered 
off and recrystallized from methanol to yield 198 mg, m.p. 147-152”, with prior 
softening starting about 135”; i.r. data: 3080-3020 (NH), 1715 (benzoate C = 0), 
1690 (protonated adenine), 1605, 1578 (Ph and purine ring), 1545 (NO& 1360 
(aromatic C-N), 1312 (NO,), 1265 (benzoate C-O-C), 1105, 1093, 1065 (C-O, 
C-O-C), and 708 cm-’ (monosubstituted Ph). 

Anal. Calc. for C37H30NB014: C, 54.82; H, 3.73; N, 13.82. Found: C, 54.09; 
H, 3.72; N, 14.10. 

To a solution of the picrate (188 mg) in acetone (40 ml) and water (10 ml) was 
added Bio-Rad AGI-X8 (CO;-) resin in small portions until the yeliow color had 
disappeared and the mixture was stirred for 1 h7. The resin was filtered off, and the 
solution was evaporated to a syrup, which was dried by several additions of ethanol 
followed by evaporation. The product was crystallized from methanol as clusters of 
needles (50 mg), m-p. 145-145.5”; i.r. data: 3280, 3080 (NH), 1715 (benzoate C=O), 
1665 (NH2-C = Nj, 1598, 1570 (Ph and purine ring), 1265 (benzoate C-O-C), 1115, 
1082, 1065 (C-O, C-O-C), and 704 cm- ’ (monosubstituted Phj; t.1.c.: RF 0.60 (0) 
and 0.51 (E). 

Anal. Calc. for Cs1Hz7N507: C, 64.01; H, 4.68; N, 12.03. Found: C, 64.37; 
H, 4.79; IV, 12.21. 
I-(i,3-Dihydro~y-2-propy~-I-(cytosilr_-I(R),betlzanedioZ (8). - Cytidine (3, 
2.43 g) was dissolved in water (40 ml) and treated with sodium periodate (2.64 g) and 
sodium borohydride in the same manner as described for the preparation of 6. After 
neutralization, filtration, and evaporation, three additions of ethanol and one of dry 
pyridine to the residue were followed by evaporation. The white solid was suspended 
in dry pyridine (50 ml) by trituration and treated with acetic anhydride (25 ml) for 
26 h. After work-up, a syrup (1.91 g) was obtained; i.r. data: 3200-3000 (NH), 1740 
(acetate C=O), 1660, 1620 (pyrimidine ring), 1230 (acetate C-O-C), 1125-1088, and 
1050 cm- 1 (C-O)_ The bl oc ki ng groups were removed with methanolic ammonia 
(130 ml) that had been previously saturated at 0”. The residue was dissolved in a small 
amount of water and applied to a column of Dowex-1 X2 (OH-, 200-400 mesh, 
30 x 2 cm) resin’. The column was eluted with water and 12-ml fractions were collec- 
ted. Fractions 26-40, which showed strong absorption at 270 nm, were combined and 
evaporated to a hard, clear syrup. Its solution in water was lyophilized, and the 
white powder was dried under high vacuum for 16 h at 65”, then for 1.5 h at 100” 
to give a hard, white hygroscopic glass (0.615 g); [bc]g2 f62 i 1” (c 1.6, water); 
1::: 217 nm (E 8,320), 2::: 250 nm (E 5,600); ix. data: 3340-3180 (broad OH, NH), 
1675 (NH,-C=Nj, 1635, 1610 (pyrimidine ring), 1115, 1060-1030 (C-O, C-O-C), 
and 778 cm-’ (py rimidine CHj; t.1.c.: RF 0.78 (A), 0.13 (B), and 0.50 (C). 

Anal. CaIc. for C,H1sN305:C, 44.08; H, 6.18; N, 17.13. Found; C, 44.25; 
H, 6.21; N, 17.06. 
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Tribenzoate (9) of 8. - Compound 8 (96 mg) was benzoylated in a manner 

similar to the preparation of 7. The gummy residue was dissolved in hot ethanol 
(5 ml). A solution of 5% ethanolic picric acid (10 ml) was added, and the mixture 
was heated at refl uxfor 1 h6. The picrate crystallized slowly overnight. Recrystallization 
from methanol gave fine, yellow needles (100 mg), m-p. 105-l IS”, and after recrystal- 
lization from methanol (10 ml) 76 mg, m.p. 105-107” (moistening at 102”). The 
elementary analysis and i.r. spectrum indicated a solvate containing 2 moles of 
methanol; i.r. data: 3380,306O (OH, NH), 1720 (benzoate C=O), 1680 (protonated 
cytosine), 1604, 1575 (Ph and pyrimidine ring), 1535 (NO,), 1318 (NO,), 1265 
(benzoate C-O-C), 1115, 1100,1078,1070 (C-G, C-O-C), and 710 cm- 1 (monosub- 
stituted Ph). 

Anal. Calc. for C36H30N6015-2 CHsOH: C, 53.65; H, 4.47; N, 9.88. Found: 
C, 53.83; H, 4.22; N, 10.28. 

The picrate (69 mg) was dissolved in 80% aqueous acetone (88 ml) and 9 was 

regenerated as described for the preparation of 7. The product was crystallized and 
recrystallized from ethanol, giving clusters of large, feathery needles, m-p. 191-191.5”; 
i-r. data: 3280 (NH), 1720 (benzoate C=O), 1660 (NH,-C=N), 1625, 1600sh 
(Ph and pyrimidine ring), 1265 (benzoate C-O-C), 795, 782 (pyrimidine CH), and 
705 cm-l (monosubstituted Ph); t.1.c.: RF 0.35 (0) and 0.28 (E). 

Anal. Calc. for C3,,H2,N308: C, 64.62; H, 4.89; N, 7.54. Found: C, 64.18; 
H, 4.95; N, 7.33. 
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When oxidized with a mixture of iodine and mercuric oxide, the acetates of 
saccharide bis(benzoylhydrazones) undergo cyclization to substituted l-amino-l ,2,3- 
triazoles’p * . We have subjected saccharide mono(benzoylhydrazone) acetates to the action 
of these oxidants, and have obtained a new type of derivative, a saccharide oxadiazole. 
This type constitutes a significant addition to the biologically important class of nitrogen 
heterocyles linked to saccharides, and the reaction is a simple route for the synthesis of 
1,3,4oxadiazoles in general. 

Treatment of a solution of penta-Gacetyl-alde~ry&-D-galactose benzoylhydrazone 
(1) (1 g) in ether (100 ml) with iodine (1 g), mercuric oxide (1.5 g),and magnesium oxide 
(1.5 g) for 24 h at room temperature afforded, after filtration, and evaporation of the 
solvent, a crystalline product (2), m-p. 82”, [ar] g.+53.9” (c 1, ethanol), giving analytical 
data corresponding to the formula C23E126N2 0 il, which contains two hydrogen atoms 
less than the starting hydrazone acetate (1). The product (2) possessed five 0-acetyl 

groups3, and showed only one carbonyl band, at 1750 cm-’ (OAc), instead of the amide 
band (1670 cm-‘) and ester band (I760 cm-‘) shown by 1. Its n.m.r. spectrum showed, in 
addition to the saccharide-chain protons 4, five acetyI protons and no imino protons. 
Accordingly, the structure of 2-(penta-Qacetyl-D-~~Z~c~~pentitol-l-yl)-5-phenyl-l,3,4- 
oxadiazole was assigned to 2. 

Ph 

p-y ‘2 dN 

HC=N--NH---CO-Ph ON@/ or,!: 
I 

HCOAIZ 

I 
ACOCH 

’ - 

Ac$kNHx_,oH @ 

AcOCH AcOCH _= 

_ &-QN-N+=+ 

HOCH - 
I I AC, 0 

O!-I 

HCOAc HCOAc c H OH Lp 

I I I 
CH,OAC +OAc Ct$OH 

1 2 3 4 
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Deacetyiation of 2 with methanolic ammonia at room temperature Ied to re- 
arrangement of the oxadiazole (3) first produced, to the iminolactone form, probably the 
l&lactone (4). It gave analyses corresponding to C1sHIeN206, had m.p. 234”, [or]: +78” 
(c 1, pyridine), showed an amide band at 1650 cm-l, an imino proton at 6 10.4 p.p.m., 
and gave back the oxadiazole acetate 2 upon acetylation. 

k-lC=N--NH-CO--Pn 

I 
AcOCH 

I 
l-l COAC 

I 
HkOAc 

I 
i-KOAc KOAc 

I I 
cyoAc Ci+OAc 

5 6 

ietra-O-acetyluL?eizycIo-D-arabinose benzoylhydrazone (5) gave, on oxidation 
with iodine and mercuric oxide, the oxadiazole 6, m.p. lOSo, [oL]~ =I 5S” (c 1, 
ethanol); v,&?$ 1740 cm“ (OAc). 

To test the applicability of this oxidation to non-saccharide hydrazones, we 
similarly prepared the known’ 2,5-diphenyl-1,3,4_oxadiazole by oxidation of benzaldehyde 
benzoylhydrazone, and I-phenyl-S-(pmethoxyphenyl)-1,3,4-oxadiazole by oxidation of 
either benzaldehyde &methoxybenzoyl)hydrazone or anisaldehyde benzoylhydrazone. 
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Book review 

Biokhimiya. Uglevody. Uspekhi v Izuchenii Sfroeniya i Metabolisma (IGo- 
chemistry. Carbohydrates. Advances in Studies on Structure and Metabolism), by 

B. N. STIZPANENKO, edited by B. L. KRE-~OWH (General Editor of Series on Biological 
Chemistry) and D. A. LEVANDNAYA. Published by the Institute of Scient$c and 
Technical Information, Academy of Science of USSR, Moscow, 1968, 300 pp_, 
18 Tables, 14 x 21.5 cm, cloth-back, 1,800 copies published, Rubles 1.35 (approxi- 
mately $ I .25 or 10s). 

This book is a rather concise progress-report on the chemistry, biochemistry, 
and physiology of monosaccharides, oligosaccharides, and polysaccharides. It is a 

well-documented monograph (over 1,000 references up to the middIe of 1965, and 
a few references for 1966 and 1967) that consists of three parts (8 chapters) and covers 
advances of the last ten to fifteen years. 

It seems aImost unbelievable that such a wide and diverse scope of p&shed 
material could have so successfully been incorporated into a relatively modest volume 
that nevertheless offers an abundance of structural and mechanistic detaii. As indi- 
cated by the author in the Introduction (6 pages, 45 genera1 references on carbohy- 
drates), the monograph is primarily designed to fZ1 a long-standing gap for the 
Soviet professional reader. 

Part I consists of 3 chapters (135 pages, 452 references) that describe the chem- 
istry and metabolism of monosaccharides. Chapter 1 (43 pages) discusses absolute 
configuration (historical background) and conformations (determination by X-ray 
studies, and by i.r. and n.m.r. spectroscopy; and the Reeves and the Isbell-Tipson 
systems for naming conformers). Chapter 2 (42 pages) is devoted to new monosac- 
charides and their derivatives: hexoses, deoxy- and dideoxy-hexoses, heptoses, and 
higher sugars (occurrence in Nature, structure, and properties); branched-chain 
sugars (occurrence in antibiotics); mono- and di-amino sugars and derivatives; 
occurrence in Nature, structure, and physiological properties of uranic acids, sialic 
acids, and muramic acid; I-thioaldoses and I-thioglycosides, and their occurrence in 
Nature, synthesis, and properties; and synthesis and reactions of sugars containing 
a sulfur or nitrogen atom in the ring. Chapter 3 (51 pages) is concerned with certain 
aspects of the metabolism of monosaccharides. It covers phosphoric esters of sugars 
(fermentations, transaldoIase and transketolase reactions, occurrence in Nature, and 
applications); glycosyl esters of nucleoside phosphates and pyrophosphates and 
their role in the metabolism of sugars (occurrence in Nature, classification, synthesis, 
reactions, and physiological functions); other nucleotides; the biosynthesis of trioses, 
tetroses, pentoses, hexoses, deoxyhexoses, and amino sugars); photosynthesis (the 
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Calvin cycle); and the metabolism of monosaccharides (the pentose phosphate cycle, 
and the Entner-Doudoroff, D-glucuronic acid-D-xylulose, and pyruvate pathways). 

Part Ic describes the chemistry and physiology of oligosaccharides in 2 chapters 
(28 pages, 115 references). Chapter 4 (11 pages) discusses the conformation and 
structure of oligosaccharides from milk, and of oligofructosides and D-galactosyl- 
sucroses; chapter 5 (16 pages) covers the biosynthesis of oligosaccharides by trans- 
glycosylation and certain reactions involving enzymic hydrolysis (transfer of a- and 
/3-D-glucosyl, /?-D-fructofuranosyl, and D-galactosyl), and synthesis of a,cr-trehalose, 
sucrose, lactose, and poIymers. 

Part IIt (2 chapters, 119 pages, 457 references) is devoted to a description of 
polysaccharides. Chapter 6 (42 pages) is concerned with homopolysaccharides 
(homoglucans): starch (heterogeneity, fractionation, amylose, amylopectins, and new 
starches); glycogens (structure and biologica significance); dextrans; cellulose; 
P-D-(1+3)-glucans; and homopolysaccharides containing nitrogen (chitin, colominic 
acid, and Vi-antigen). Chapter 7 (46 pages) describes heteropolysaccharides and 
mixed biopolymers containing carbohydrate moieties: galactomannans; glucoman- 
nans; mucopolysaccharides (acidic ghrcosaminoglucans, hyaluronic acid, and heparin); 
and mixed biopolymers containing sugars teichoic acids, mucopeptides, glycopro- 
teins from cells, glands, and blood, and glycolipids. Chapter 8 (30 pages) reports on 
certain aspects of the metabolism of homo- and hetero-polysaccharides: metabolism 
of polyglucans of the starch and glycogen type (enzymic degradation); and biosyn- 
thesis of polysaccharides (glycogens, cellulose, heteropolysaccharides, and mixed 
biopolymers). 

The book concludes with a Subject Index and a Table of Contents; an Author 
Index is not provided. There is a tendency to adhere to the Rules of Carbohydrate 
Nomenclature [J. Org. Chem., 28 (1963) 2811; however, several deviations were noted. 

The monograph is scientifically sound, and the formulas are adequate. The 
book is written by a specialist who is actively involved in the field, as is evidenced 
from references to about sixty of his publications (in Parts I and II). The monograph 
also cites the work of his colleagues, for example, that by Rochetkov and coworkers 
(p. 110) in which the authors explained the specificity of glycosyl esters of nucleoside 
pyrophosphates as being due to hydrogen bonding between the heterocyclic ring and 
the sugar moiety to give a twisted conformation that facilitates contact with an 
enzyme and thus promotes the biological reaction. 

In general, this book uses perspective and conformational formulas [for example 
the interesting arrow-type of representations of the CI (D) conformation on p. 221, 
and it contains a number of valuable schemes and tables; for example, Table 16 
(p. 258) shows the function of different enzymes in the metabolism of starches. The 
book does not, however, mention the cardiac glycosides, which are important; it 
contains very little about dicarbony1 sugars; and there are some minor misspellings 
and printer’s errors (for example, on pp. 30 and 35). It is obviously desirable that, in 
connection with discussion of the concept of absolute confIguration (Part I, chapter I), 
the term chirality should now find a place in the Russian chemical vocabulary. 
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The book is a valuable companion volume to one on carbohydrates by Kochet- 
kov and coworkers [Carboiryd. Res., 8 (1968) 1231, now in the process of translation 
into English; it would be useful to those who cannot read Russian were this book, 
also, to be translated, because it wouId be helpful to many carbohydrate chemists, 
biochemists, and medicinal chemists. 

Washington, D. C. ALEXANDER J. FATIADI 
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CORRIGENDA 
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Carbohyd. Res., 12 (1970) 

page 84, line 14, should read: 
adverse pH of 10.5, porcine, pancreatic alpha-amylase appeared to have multichain 

page 34, line 20, should read: -- 
same. From the values of the ratio DP,/DP, under these conditions (Table I) and 

page 87, line 7, should read: 
enzyme-substrate complex would be slower than in a purely aqueous system: multiple- 



PROFESSOR MELVILLE L. WOLFROM 

Melville Lawrence Wolfrom was born on April 2, 1900. To commemorate the 

seventieth anniversary of his birth the Editors of Carbohydrate Research were pre- 

paring to dedicate the April, 1970, issue as a special Wolfrom Honor Issue, to be 

presented to Professor Wolfrom at a reception for him, his former students, and his 
colleagues at The Ohio State University. This reception was to have been a highlight 

of the celebrations for the centennial year of The Ohio State University, the institution 
where Professor Wolfrom began his scientific career as an undergraduate student and 

where he had served for over four decades on the faculty of the Department of 

Chemistry. His title of Regents’ Professor was a special distinction conferred in 1965 

by the University in recognition of his outstanding contributions to science. 

On June 2Oth, 1969, after a very brief illness, Professor Wolfrom died. At that 

time, he was still at the peak of his scientific activity. His many friends and colleagues 

regret not having the opportunity of joining him on his seventieth birthday to offer 
a tribute to his life’s work, and so this issue of Carbohydrate Research is dedicated 
to the memory of Professor Wolfrom, to acknowledge his enormous contributions 
to carbohydrate chemistry. 

During his career in research, there was scarcely a facet of carbohydrate chem- 

istry where Professor Wolfrom did not make important contributions, and details of 

all of his work and achievements will be recorded elsewhere. His early mentors, 

including the distinguished pioneers W. L. Evans, C. S. Hudson, and P. A. Levene, 

helped to form his interest in carbohydrate chemistry, with emphasis on organic 

chemistry but with broad extension to physicochemical, biochemical, and technological 
aspects. He had a prodigious capacity for work, and a facility for organization of 

research that accounts for the enormous productivity of his laboratory. At the same 
time, he was extremely meticulous in attention to details, and was especially insistent 

on historical accuracy in scientific publication. Many honors came his way for his 

research work. including the 1952 Honor Award of the Carbohydrate Division of the 

American Chemical Society, and the 1968 Spencer Award for contributions to agri- 

cultural chemistry_ In 1950 he was elected to the National Academy of Sciences of the 

U.S. A. Beyond his own research contributions, his influence has extended across the 

length and breadth of the whole field of carbohydrate chemistry as a result of his 
work as Editor of Advances in Carbohydrate Chemistry, and because of his vigorous 
leadership in the development of sound carbohydrate nomenclature. In 1967 he 

received the Austin Patterson Award for his services to chemical documentation. His 

support and encouragement as a member of the Editorial Advisory Board of Carbo- 
hydrate Research has been an important factor in the establishment and growth of 
this journal. 

Besides the contributions recorded in Professor Wolfrom’s own research papers 

and in his editorial and nomenclatural work, his influence on carbohydrate chemistry 

has been carried around the world by the many people who worked with him. Almost 
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a hundred students received the Ph.D. degree under his immediate direction. Many 
students worked in his laboratory as postdoctoral fellows, and others studied with 
him for the MS. degree. The papers in this issue of Carbohydrate Research are all 
original research contributions from former students of Professor Wolfram’s who 
have continued work independently in the field of carbohydrate chemistry; these 
articles have come not onIy from the North American continent but also from former 
associates now established in South America, Africa, Asia, and Europe. The topics 
of research range from physicochemical considerations of carbohydrates to their 
biological aspects, and from technology to medical applications; especiahy emphasized 
are the areas of synthetic organic transformations of carbohydrates and the structures 
of natural products containing carbohydrates. 

Many former students of Professor Wolfrom’s, not contributing papers to this 
Memorial Issue but wishing to join in this dedication, are listed at the end of the issue. 
Because of limitations of space, it was impossible to include papers from many other 
scientific colleagues and friends of Professor Wolfrom who might have wished to 
contribute articles to this issue, but their names are likewise added to the dedication. 

D. HORTON 
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