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ABSTRACT 

The Zemplen degradation of 2, 3, 5, 6, 2, 3 ,  4, 6'-octa-0-benzoylcellobi- 
ononitrile (l), -1actobiononitrile (2), and -maltobiononitrile (3) was carried out 
giving a mixture of the four 3-0-(D-hexopyranosyl)-D-arabinoses. Their reduction 
gave the 3-0-(D-hexopyranosyl)-D-arabinitols, and their benzoylation gav the 1 , 

4, 5, 2, 3, 4', 6'-octa-O-benzoyl-(D-hexopyranosyl)-D-arabinitols. Their H and 
?% NMR spectra are described, and their conformations are determined to be 
planar zig-zag for the acyclic moieties. 

P 

INTRODUCTION 
The degradation of acylated aldononitriles with sodium methoxide is a 

potenlially useful method for the synthesis of aldoses having one less carbon in 
their chain. The application of this reaction to peracylated aldobiononitriles gives 
rise to (hexopyranosy1)pentoses. This reaction was used by Zemplen with 2, 3, 5, 
6, 2, 3, 4, 6-octa-O-acetylcellobiononitrile, and a complex reaction mixture was 
obtained because the starting material was not pure. By acetylation of this 
mixture, 33% of 1 , 2, 4, 2, 3 ,  4', 6-hepta-O-acetyl-3-0-( 6-D-glucopyranosy1)a-D- 
arabinopyranose was separated, which was derived from the major product 
formed during the degradation, together with other minor acetylated products. 
Gelpi and Cadenas2 repeated the reaction with pure octa-0-acetylcellobiononitrile 
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744 D'ACCORSO AND THZEL 

and found a less complex mixture consisting of essentially four compounds, all of 
which could be separated as their peracetates. 

Due to their structures, peracylated aldobiononitriles with 1-6 glycosidic 
bonds give by Zemplen degradation only two 5-0-(glycopyranosyl)furanose 
sugars. From 2, 3,4, 5,  2,3,4', 6-octa-O-acetylrnelibion~nitrile~ and 2,3,4, 5, 2, 
3, 4, 6-o~ta-O-benzoylrnelibiononitrile,~ the free sugars were obtained crystalline 
in 72.8% and 82.2% yield, respectively. From 2, 3, 4, 5, 2, 3, 4, 6-octa-O- 
acatylgenti~biononitrile,~ 5-O-(B-D-glucopyranosyl)-a-D-arabinofuranose was 
obtained in 32% yield, and only traces of the Banomer were observed. 

In comparison, the yield of free sugars formed by the classical Wohl 
degradation was found to be much lower: 1.9% for 2, 3, 5, 61 2, 3, 4', 6-octa-O- 
acetyl-ladobiononitrile, 2.3% for 2, 3, 4, 5, 2, 3, 4, 6'-octa-O-acetylmelibiono- 
nitrile, and 2.3% for 2, 3, 4, 5, 2, 3, 4',6-octa-O-benzoylmelibiononitrile. 

RESULTS AND DISCUSSION 
Wohl degradation of perbenzoylated 1-4 linked aldobiononitriles8 gave the 

free 3-0-(D-hexopyranosyl)-D-arabinoses in less than 32% yield. In order to get 
higher yields of these free sugars, we used the Zemplen degradation. Zemplen 
degradation of aldobiononitriles with 1-4 glycosidic linkages was carried out with 
2, 3, 5,6, 2, 3, 4',6-octa-O-benzoylcellobiononitrile (l), 2, 3, 5, 6, 2, 3, 4', 6-octa- 
O-benzoyllactobiononitrile (2), and 2, 3, 5, 6, 2, 3, 4, 6-octa-O-benzoyl- 
maltobiononitrile (3), all giving the expected four 3-0-(D-hexopyranosyl)-D- 
arabinoses in over 85% yield. In these examples the position of the glycosidic 
linkage permits the formation of both furanose and pyranose cyclic forms, in 
contrast to 1-6 glycosidically linked compounds in which only the furanose cyclic 
form is possible. 

Separation of the free sugars of the reaction mixture was carried out by 
preparative paper chromatography. The extracts from the individual spots on the 
paper chromatograms were dried and weighed. A chromatographic analysis of 
each zone showed that an equilibrium mixture of products was again formed. In 
order to determine the relative proportions, the intensity of the 13C NMR signals 
of C-1 ware used, as has been described for analysis of the Wohl degradation 
products of these compounds8 and these results indicated proportions similar to 
those determined by weight. 

The mixtures of products obtained from the Zemplen degradation of 1, 
2, and 3 with sodium methoxide were directly treated with sodium 
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Reagents: a .  CH30Na/CH30H; b .  NaBH,; c .  BzCI/Pyridine 

SCHEME 1 
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Table 1. 1 H NMR Data for 3-O-(D-Hexopyranosyi)-D-arabinitol Perben- 
toates (4-6).a 

Acyclic Part H- la H-lb H-2 H-3 H-4 H-5a H-5b 
Compound (Jla,2P (J1 b,2) (Jla,l b) (J2,3) (J3,4) (J4.5a) (J4,Sb) (J5a,5b) 

4 4.58 4.41 5.88 5.93 4.16 4.74 4.39 
dd dd ddd dd ddd dd dd 

(3.9) (6.8) (12.5) (3.1) (7.3) (6.9) (3.9) (12.3) 

5 4.37 4.30 5.70 5.98 4.74 4.72 4.47 
dd dd ddd dd ddd dd dd 

(6.2) (6.3) (12.8) (3.7) (7.5) (3.9) (5.4) (12.2) 

6 4.29 4.22 5.71 6.22 4.77 4.65 4.43 
dd dd ddd dd ddd dd dd 

(3.7) (7.1) (12.4) (3.6) (7.5) (4.2) (6.3) (12.3) 

Cyclic Part H-1' H-2' H-3' H-4' H-5' H-Va H-6b 
Compound (Ji ,,2,) (J2',3') (3',4') (J4,5') (&',&a) (J5,6'b) (J6'a,6b) 

4 5.24 5.68 5.64 5.92 4.43 4.88 4.69 
d dd dd dd ddd dd dd 

(7.8) (10.6) (9.5) (9.3) (4.1) (8.6) (12.5) 

5 5.53 5.92 5.61 5.97 4.51 4.95 4.47 
d dd dd dd ddd dd dd 

(7.9) (10.4) (3.4) (1.0) (5.4) (4.2) (11.9) 

6 5.74 5.79 6.12 5.65 4.73 4.64 4.50 
d dd t dd ddd dd dd 

(3.5) (10.1) (10.1) (9.3) (3.1) (6.8) (11.8) 

aDetermined at 300 MHz in CDC13 solution, relative to Me4Si. Chemical shifts are in 
Gunits. Aromatic protons were observed between 6 7.1 - 8.1. 

bS in-spin coupling (J-values) are first-order values reported in hertz (Hz). 
&hi licities are d, doublet; dd, doublet of doublets; ddd, double doublet of 
doubkts; t, triplet. 

borohydride, and the 3-0-(~-hexopyranosyl)-D-arabinitols thus formed were 
subsequently benzoylated. 1 , 2, 4, 5, 2, 3, 4, 6-Octa-O-benzoyl-3-O-(B-D- 
glucopyranosy1)-D-arabinitol (4) (67.6%), 1, 2, 4, 5, 2, 3, 4, 6-octa-O-benzoyl-3- 
0-(6 -D-galactopyranosyI)-D-arabinitol (5) (82.7%), and 1 , 2, 4, 5, 2, 3,  4', 6-octa- 
O-benzoyl-3-O-(a-D-glucopyranosyl)-D-arab~n~tol (6) (60.0%) were obtained (See 
SCHEME 1). Their 300-MHz H NMR spectra could be interpreted on a first-order 
basis, and the data are presented in Table 1. From these values, using the 
methods of Angyalg and Horton,l0 the conformations of the acyclic chains in 
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R 

H ".. \ 
OBZ 

BZ 

Z 

4 R = 2 ,  3,  4', 6-Tetra-O- 
benzoyl-6 -D-glucopyranosyl- 

5 R = 2, 3,4', 6-Tetra-O- 
benzoyl- 6 -o-galactopyranosyl- 

6 R = 2,3,4', 6-Tetra-O- 
benzoyl-a -o-glucopyranosyl- 

FIG. 1. Conformation of 4 - 6. 

solution were determined to be planar zig-zag and extended. For the benzoylated 
derivatives, coupling constants of 7.4 - 10.7 Hz correspond to diaxial vicinal 
protons, and couplings of 3.0 - 4.4 Hz correspond to vicinal gauche protons.ll In 
compounds 4, 5, and 6, J2,3 ranges from 3.1 to 3.7 Hz and corresponds to 
protons with a gauche relation, while J3,4 is 7.3 to 7.5 Hz and is attributed to trans 
diaxial protons. Based on these data, the acyclic portion is determined to be in 
the extended, planar zig-zag conformation generally described for acyclic 
benzoylated derivatives having the arabino configuration.l2 The cyclic 
pyranoside, as expected, is in the 4C1 conformation. The conformations of these 
compounds are shown in Fiwre 1. 

The 13C NMR spectra were assigned by comparison with the signals of 
benzoylated  monosaccharide^^^ and disaccharide~l~ and with penta-0-benzoyl- 
D-arabinitol. l5 These data are listed in Table 2. 

A comparison of the I3C NMR signals of compounds 4, 5, and 6 show 
differences of less than 0.7 ppm in the acyclic part. This result confirms the 
similar conformation deduced from the H NMR coupling constants. In the cyclic 
part the expected differences of the chemical shifts for C-1' appear to be due to 
the change from B to a in the D-glUC0 configuration in compounds 4 and 6 and 
the resulting influence on C-3 and C-5'. Inversion of (3-4' in the B -linked 
compounds 4 and 5 results in the expected differences in chemical shift for (2-4' 
and C-2 but less of a difference is observed for the hexocyclic C-6. 
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D'ACCORSO AND THIEL 748 

Table 2 13C NMR Data for 3-D(D-Hexopyrano~yl)sgtabinltd Peubenzoatas 

~~ 

Compound C-1 C-2 C-3 C-4 C-5 C-1' C-2' C-3' C-4' C-5 C-6' 

4 63.40 70.29 76.04 70.26 62.39 101.09 71.69 72.74 69.44 72.65 62.76 

5 63.46 70.32 75.75 70.41 62.40 101.18 69.91 71.76 67.89 71.63 61.83 

6 62.80 70.63 76.39 70.63 62.41 96.58 71.16 69.37 68.96 68.96 62.61 

=Measured at 75.52 MHz for solutions in COCl with Me4Si as internal standard. Aromatic 
carbons appeared in the region 6128.22 - 133.28. 

EXPERIMENTAL 
General Procedures. Melting points are uncorrected. Optical rotations 

were determined at 20 OC with a Perkin-Elmer 141 Polarimeter. TLC was 
performed on plates coated with silica gel G (E. Merck, Darmstadt) with 9:l 
benzene-ethyl acetate as the eluent and iodine vapor for detection. Paper 
chromatography was performed on Whatman No. 1 paper by the descending 
technique using o-glucose as reference standard and 10:4:4 (v/v) butanol- 
ethanol-water as solvent. The detection reagents used were AgNO3- 
CH30Na/CH30H-NH316 and aniline hydrogen ~htha1ate.l~ Solutions were 
concentrated under diminished pressure below 50 OC. 'H NMR spectra were 
recorded at 300 MHz on a Bruker EM 360A instrument for solutions in C5Ct3 with 
Me4Si as internal standard. The spectra were amenable to first-order analysis. 
13C NMR spectra were recorded at 75.52 MHz on the same instrument with wide- 
band proton decoupling and Me&i as internal standard. 

2, 3, 5, 6, 2, 3, 4, 6-Octa-O-benzoylcellobiononitrile (I),'* 2, 3, 5, 6, 2, 3', 
4', 6-octa-O-benzoyllactobiononitrile (2),18 and 2, 3, 5, 6, 2', 3', 4', 6'-octa-O- 
benzoylmaltobiononitrile (3)l were prepared as described in literature. 

Degradation of compounds 1, 2 and 3. General Procedure. Octa-O- 
benzoylaldobiononitrile18 (2 g) was dissolved in 4 mL of chloroform, the solution 
was cooled in a water-ice bath, and a 2% solution of sodium methoxide in 
methanol was added until pH 8 was reached. After 10 min shaking, a gelatinous 
mass was obtained which was kept for 10 min at 5 OC. Water (10 mL) was 
added, and the chloroform layer was separated and washed several times with 
water. The water layers were neutralized with Zeo Karb 225 [H'] resin, and the 
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Table5. Yields and Physical Constants of the Mixture From the Degradation of 
Compounds 1,2, and 3. 

Yield Yo by 
Compounds formed from 2 g of compound: g weight [a10 Q 

1 3-O-~-D-glucopyranosyl-D- 0.486 90.0 -7.8' 0.42, 0.52, 0.89, 0.99 

2 3-0-P-D-galactopyranosyl-D- 0.459 85.6 -25.4' 0.63, 0.91, 1.00, 1.04 

3 3-~u-D-glucopyranosyI-D- 0.500 92.0 +39.6' 0.59, 0.63, 0.86, 0.99 

arabinoses (4 spots) 

arabinoses (4 spots) 

arabinoses (4 spots) 

Table 4. Welds and Physical Constants of Compounds 4-6. 

Anal. Calc. for C67H54018 

Compound formed: g Yo rnp [a] D C, 70.16; H, 4.74 

1,2,4,5,2',3',4',6'-0Cta-0- 
benzoyl-3-O(~-D-glucopyra- 
nosyl)-D-arabinitol (4) 0.98 67.6 99-101' +31.0' found: C, 70.43; H, 4.74. 

1,2,4,5,2',3',4',6'-0cta-O 
benzoyl-3-O(p-D-galactopy- 
ranosyl)-D-arabinitol (5) 1.20 82.7 114-1 16' 44.3' found: C, 70.74; H, 4.53. 

1,2,4.5,2',3',4',6'-0cta-O 
benzoyl-3-O(u~D-glucopyra- 
nosy1)-D-arabinitol (6) 0.87 60.0 115-117' 45.3' found: C, 70.22; H, 4.80. 

solution was concentrated. The reaction mixture was analyzed by paper 
chromatography with 10:4:4 butanol-ethanol-water as solvent, and the spots were 
detected with both the silver nitrate and aniline hydrogen phthalate reagents. The 
weight and yield of the dried products, the Rf values, and ("ID values are given in 
Table 3. 

Preparation of 1, 2, 4, 5, 2, 3, 4, 6-OCta-O-bentOyl-3-0-(D- 
hexopyranosy1)-D-arabinitols (4, 5, and 6). The mixture of 3-0-(0- 
hexopyranosy1)-D-arabinoses (0.4 g) obtained in the previous reactions was 
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750 D'ACCORSO AND THIEL 

dissolved in 5 mL of water and reduced with a solution of sodium borohydride 
(150 mg) in water (3 mL). The mixture was neutralized with Zeo Karb 225 [H'] 
resin, filtered, and concentrated. The vacuum-dried residue was dissolved in 
pyridine (10 mL), and benzoyl chloride (10 mL) was added in small portions, 
keeping the temperature 70 - 90 OC. The syrup which formed was treated with ice 
water until a solid was obtained. The products were recrystallized from 2- 
propanol. For yield and physicochemical data, see Table 4. For H NMR data, 
see Table 1; for I3C NMR data, see Table 2. 
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