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ABSTRACT 

O-Ben&-protected o-allose, o-galactose, ~-glucose, and D-mannose were used to synthesize 3-de- 
oxy-D-glycero-wall0 / altro-, 3-deoxy-D-glycero-L-manno /&co-, 3-deoxy-D-gbcero-o-do /ido-, and 3- 
deoxy-D-glycero-o-galacto / talo-octonate derivatives, respectively, which were transformed by reduction 
and then deprotection into their 3-deoxyoctitols. The 3-deoxyoctitols were characterized by GLC and 
GLC-MS in the acetylated and methylated form. 

3-DeOxy-D-m~~~O-2-o&.dOSOniC acid1 (Kdo), which was first described’ in 1959, 
has been reported as a characteristic constituent of the core region3 of lipopolysac- 
charides (LPS) and capsular polysaccharides4 from Gram-negative bacteria. The 
D-manno configuration was determined by Heath et aLsV6 for Kdo derived from 
LPS of Escherichiu coli 0111-B4 and its UDP-galactose-4-epimerase-less mutant 
J-5. The first synthesis of Kdo was reported5T6 by the same authors. The presence 
of Kdo has been described for all LPS ~vestigated so far, but in many cases the 
D-PIMIIIEO configuration was suggested by analogy. 

Usually, the D-KWFWZO configuration of isolated Kdo is determined after reduc- 
tion, followed by methylation, carboxyl-group reduction, and methylation, and 
comparison by GLC and GLC-MS of the resulting methylated 3-deoxy-o-glycero- 
D-galucto/tulo-octitols with those derived from synthetic Kdo of D-~WZ~O configu- 
ration. However, since it has not been shown that all pairs of octitol isomers 
obtained from the seven other possible configurations of 3-deoxy-2-octulosonic 
acid can be separated in GLC, a co-elution of the 3-deOxy-D-g~yCeo-D-gaIacto/ 
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tulo-octitols with other isomers could not be excluded. Consequently, we decided 
to synthesize the different octitols, and to characterize their acetylated and 
methylated derivatives by GLC and GLC-MS. 

An efficient Kdo synthesis has recently been described by us’, based on the 
Wittig reaction of an O-protected-&f&y&+D-mannose with the ylid derived from 
[~benzyloxyXbenzyloxycarbonyl)methylltriphenylphosphonium bromide. This reac- 
tion has now been extended to 0-benzyl-protected aldehydo derivatives of D-al- 
lose, D-galactose, and o-glucose. The resulting 3-deoxy-2-octulosonic acid deriva- 
tives, including that from D-mannose, were for analytical reasons transformed into 
the 3-deoxyoctitols which were used for the GLC and GLC-MS analyses. 

RESULTS AND DISCUSSION 

The aldehydo-D-allose derivative 3 was prepared in two steps from D-allose 
diethyl dithioaceta18 (1). Perbenzylation with NaH and benzyl bromide (BnBr) led 
to the protected acetal2, which was hydrolyzed in aqueous acetone in the presence 
of mercuric chloride-mercuric oxide (Scheme 1). The corresponding aldehydo-D- 
galactose, -o-glucose, and -o-mannose derivatives (12, 20, and 28, respectively) 
were obtained in the same way 9. The chain elongation, for building up the 
Kdo-skeleton, was achieved by a Wittig reaction’ using the ylid derived from 
[(benzyloxyXbenzyloxycarbonyl)methyl]triphenylphosphonium bromide7 (4). For 
easy separation by flash chromatography, it was necessary to transform the 
products into the methyl esters 5, 13, 21, and 29, and to reduce unreacted 
aldehydic starting material. In each case, only one of the two possible geometric 
isomers was obtained. ‘H NMR chemical shifts at S 6.32-6.37 for the alkene 
protons indicated that the ester groups and the protons were on the same side of 
the double bond. Hydrogenolytic 0-debenzylation on Pd-CaCO, in THF permit- 
ted the selective cleavage of the enol ether functions in the compounds 5, 13, 21, 
and 29. The liberated, acyclic Kdo methyl esters were immediately reduced with 
NaBH, to obtain the more stable products 6a,b, 14a,b, 22a,b, and 30a,b as 
mixtures of diastereomers which could not be separated by chromatography. 
Owing to the activation of the esters by the cu-hydroxy groups, complete reduction 
to the penta-0-benzyl-3-deoxyoctitols 7a,b, 15a,b, 23a,b, and 31a,b could be 
carried out easily with sodium borohydride in ethanol. The structures of the 
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TABLE I 

Retention times (tn) in GLC of Sa,b, l&b 16a,b, 19a,b, 24a,b, 27a,b, 32a,b, and 35a,b (relative to 
a-o-glucopyranose pentaacetate, ta 1.00). 

Compound Separating phase 

SE-54 SP-2380 

Acetylated compounds a 
f&b 2701’2.75 1.40 c 

16a,b 2.80,‘2.92 1.44/1.47 
%,b 2.88 = 1.53 = 
32a,b 2.87 = 1.44/1.45 

Metbylated compounds ’ 
lla,b 0.26,‘0.27 0.11 c 
19a,b 0.36/0.38 0.19/0.20 
27a,b 0.33/0.35 0.17/0.18 
3&b 0.31/0.33 0.16,‘0.17 

B Temperature programs: SE-54, 140°C for 3 min, then 3°C min-’ to 250°C; SP-2380, XWC for 5 min, 
then 5°C min-’ to 270°C. b SE-54, 130°C for 5 min, then 5°C min-’ to 250°C; SP-2380,lgO”C for 5 min, 
then 5°C min - 1 to 250°C. ’ Isomers not separated. 

products were established by the ‘H NMR data of their di-O-acetyl derivatives 
9a,b, 17a,b, 25a,b, and 33a,b obtained by conventional acetyfation. Hydrogenolytic 
debenzylation of the penta-O-benzyl-3-deoxyoctitols over p~ladium-on-carbon and 
subsequent U-acetylation of the crude products led to the hepta-Q-ace~l-3-de- 
oxyoctitols 8a,b, Ma,b, 24a,b, and 32a,b. After treatment of the hepta-0-acetyl-3- 
deoxyoctitols with sodium methoxide, the completely deprotected 3-deoxyoctitols 
lOa,b, lBa,b, 26a,b, and 34a,b were obtained. 0-Acetylation of the deprotected 
compounds yielded again the hepta-O-acetyl-3-deoxyoctitols. Methylation of the 
3-deoxyoctitols gave, after purification, the 3-deoxy-hepta-O-methyIoctitols lla,b, 

19a,b, 27a,b, and 35a,b (Scheme 2). 
The relative retention times in GLC of the acetylated derivatives 8a,b, 16a,b, 

24a,b, and 32a,b are listed in Table I. The isomers of 24a,b and 32a,b were not 
separated on SE-54, and those of 8a,b and 24a,b not on SP-2380. On SP-2380, 
derivatives 16a,b and 32a,b had similar relative retention times which in analyses 
may lead to an incorrect assignment of peaks. The mol wt of 520 was determined 
in CI(ammonia)-MS [m/z 538, (M + l&Y]. The EIMS data are listed in Table II, 
and the general fragmentation pattern is shown in Fig. 1. Primary ions originated 
from C-4-C-5, C-5-C-6, C-6-C-7, and C-7-C-8 cleavages, and the secondary ions 
were derived from the loss of ketene ( - 42) and acetic acid ( - 60). The E&mass 
spectra were similar; however, the ion at m/z 123 was the base peak in the spectra 
of 16a,b, and 32a,b, and that at m/z 129 was the base peak in the spectra of 8a,b 
and 24a,b, respectively. Furthermore, the ions at m/z 141, 175,285, and 303 were 

absent from the spectrum of 32a,b and the ion at m/z 175 was absent from the 
spectrum of 24a,b. There were some differences in the intensities of the ions, but 
these may not be sufficient for a reliable differentiation of the respective deriva- 
tives. 
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TABLE II 

EIMS data of 8a,b, 16a,b, 24a,b, and 32a,b after GE-MS (E-54) 

Compound 

8a,b 

m/z (% of base peak) 

55 (7.5/6.6), 69 (77.2/86.3), 73 (19.9/26.3), 81(15.9/18.7), 82 (15.7/20.3), 85 
(19.3/24.0), 86 (20.0/23.8), 95 (14.2/14.0), 97 (9.8/15.0), 103 (48.8/54.2), 111 
(16.0/21.9), 115 (61.2/70.0), 123 (69.1/76.0), 127 (18.0/25.7), 128 (65.6/86.3), 
129 (100.0/100.0), 136 (2X2/31.8), 137 (15.8/19.9), 141(15.0/17.7), 
145 (23.0/31.8), 153 (13.4/15.3), 157 (34.5/39.8), 165 (25.7/25.7), 170 
(56.3/70.3), 171(25.5/27.5), 175 (6.2/9.7), 178 (16.0/18.1), 179 (12.6/15.7), 
183 (13.5/18.1), 187 (15.7/21.9), 196 (11.6/16.3), 201(49.3/68.4), 213 (10.0/15.2), 
217 (27.1/39.2), 225 (22.8/23.9), 231(96.7/93.2), 243 (2.8/4.1), 273 (7.4/10.0), 285 
(3.4/3.9), 289 (3.6/6.0), 303 (9.0/12.6), 345 (6.6/9.0), 447 (3.4/5.4). 

16a,b 55 (8.1/9.4), 69 (69.5/79.8), 73 (41.3/33.3), 81(25.9/22.8), 82 (21.3/19.5), 85 
(2&7/25.1), 86 (26.5/23.8), 95 (21.0/20.7), 97 (18.5/17.0), 103 (56.0/49.4), 111 
(32.8/26.4), 115 (73.6/73.5), 123 (lOO.O/lOO.O), 127 W.4/34.2), 128 (62.5/61.5), 
129 (71.4/91.8), 136 (45.9/35.2), 137 (30.0/26.1), 141 (24.5/20.2), 145 (33.1/24.8), 
153 (31.4/22.8), 157 (38.9/31.5), 165 (35.6/32.7), 170 (41.7/46.9), 171(27.3/23.9), 
175 (6.0/4.9), 178 (43.1/25.8), 179 (22.6/17.8), 183 (26.4/25.6), 187 (51.3/41.8), 
196 (24.9/16.1), 201 (52.7/49.7), 213 (36.4/22.3), 217 (22.0/18.3), 225 (31-O/28.4), 
231 (58.8/92.7), 243 (8.7/7.2), 273 (23.2/11.5), 285 (11.1/10.4), 289 (23.8/18.9), 

303 (9.6/9-l), 345 (19.4/20.8), 447 (9.3/13.8). 

24a,b 55 (lO.O), 69 (89.9), 73 (38.11, 81 (22.61, 82 (19.5),85 (32.11, 86 (32.8), 95 (19.4h 97 
(15.41, 103 (62.5), 111 (29.41, 115 (74.4), 123 (96.81, 127 (34.31, 128 (Xl), 129 (lOO.O), 
136 (41.6), 137 (24.8), 141(24.6), 145 (32.8),153 (21.7), 157 (37.8),165 (36.01, 
170 (59.6), 171 (21.31, 178 (30.1), 179 (22.11, 183 (25.71, 187 (32.6), 196 (19.9), 201 
(46.0), 213 (13.6),217 (19.7), 225 (34.11, 231 (79.6),243 (6.1),273 (9.9), 285 (4.7), 

289 (9.5),303 (6.61, 345 (13.0), 447 (9.8). 

32a,b 55 (5.7), 69 (88.4), 73 (55.6),81(27.7), 82 (17.8), 85 (27.8), 86 (33.31, 95 (19.7), 97 
(15.71, 103 (59.1),111(31.2), 115 (80.6), 123 (lOO.O), 127 (35.8), 1% (69.4), 129 
(85.2), 136 (41.2),137 (22.8), 145 (22.7),153 (20.01, 157 (33.9),165 (46.4),170 
(48.4), 171 (20.61, 178 (31.91, 179 (22.0), 183 (27.2), 187 (48.3),196 (19.1),201 (40.01, 
213 (14.5), 217 (19.5), 225 (35.7),231(69.9), 243 (8.6), 273 (13.5),289 (15.51, 
345 (14.1),447 (5.2). 

CH,OAc 

CHOAc 

CHOAc 231--) 171 
127,145,187 + 289 I 

CHOAc 303 --, 243,201,183,141,123 
97,115,157,175 + 217 I 

CHOAc (3751-r 273,231,213,171,153,111 
85 - 145 I 

CHOAc 447 -+ 345,285,243,225,183,165,123 
73 I 

CH,OAc 

(mol wt 520) 

Fig. 1. Fragmentation pattern of 8a,b, 16a,b, 24a,b, and 32a,b. 
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TABLE III 

EIMS data of lla,b, 19a,b, 27a,b, and 3Sa,b after GLC-MS (SE-541 

Compound m /z (% of base peak) 

lla,b 59 (55.3/50.7), 71 (20.1/18.1), 73 (16.0/12.6), 75 (27.7/22.8), 88 (22.1,‘18.6), 89 
(x~?.o/lOO.0), 95 (2.5/2.6), 101@9.9,‘99.6), 115 @X5/882.), 127 @X’/lg.O), 133 
(8.6/7.9), 14.5 (17.9/20.7), 147 (10.3/10.3), 159 (5.1/3.3), 177 (2.5/3.5), 183 (5.4,‘4.8), 

191(9.6/‘5.9), 215 (3.0/3.6), 247 (O-9)/1.0), 279 (2.1,‘2.3). 

19a,b 59 (52.8/49.8), 71 (19.6/17.8), 73 (16.0,‘13.2), 75 (23.4,‘22.5>, 88 (22.6,‘18.6), 89 
(88,0/93.0), 95 (2.4,‘2.4), 101 (lOO.O/lOO.O), 115 t76.8/78.5), 127 (18.5/17.8X 133 
(6-O/5.4), 145 (10.7/12.2), 147 (8.7/9.5), 159 t3.7/3.4), 177 (2.7/3.7X 183 (2.8/2.9), 

191 (4.6/4.5), 215 (2.1/1.8), 247 (0.6/0.7), 279 &O/1.3). 

27a,b 59 (59.0/50.4), 71(20.3/19.8), 73 (15.7/14.9), 75 (26.1/23.3), 88 (22.1/19.5), 89 
(l00.0/100.0), 95 (2.3/2.3), 101 (85.8/84.2), 115 (77.8/70.6), 127 (29.4,‘30.7), 133 
(6.8/6.3), 145 (19.3/21.1), 147 (11.4/9.3& 159 (6.5/7.4), 177 (2.3/3.1), 183 64.2/3.0), 

191(12.4/12.3), 215 (1.7/U), 247 (-,‘l.O), 279 (1.4,‘l.l). 

35a,b 59 (61.8/59.4), 71(24.4/22.5), 73 (15.7,‘17.8), 75 C&.4/27.3), 88 (21.3,‘24.2), 89 
(~~1.0/100.0), 95 (2.4/2.7), 101(87.1/83.3), 115 (75.6/73.5), 127 (23.6/25.4), 133 
(8.5/73), 145 (20.7/15.4), 147 (9.5/8.1), 159 (5.3/5.1), 177 (3.3/2.0), 183 (5.2/W, 
191 (7.6/9.7), 215 (2.7/1.9), 247 &O/OS), 279 (1.7/0.8X 

The relative retention times of the methylated derivatives lla,b, l9a,b, 27a,b, 
and 35a,b are also listed in Table I. The derivatives could be differentiated on both 
columns used. All isomers were separated, except those of lla,b, using SP-2380. 
The mol wt of 324 was determined in CI(ammonia)-MS [m/z 325 (M + l)+, 342 
(M + 18)+]. The EIMS data (Table III, fragmentation pattern in Fig. 2) of the 
derivatives were very similar and, therefore, may not be used for the differentia- 
tion of the compounds. The ion at m/z 101 was the base peak in the spectra of 
27a,b, and the ion at m/z 89 was the base peak in the other spectra. 

In summary, we have synthesized 3-deO~-D-g~yce~O-D-~~~O /altro-, 3-deoxy-D- 
giycero+manno /gluco-, 3-deoxy-D-gZycero-D-g&o /ido-, and 3-deoxy-r+gfycero-D- 

CH,OMe 

CHOMe 

145 + 177 

101 + 133 

CHOMe 

89 

I 
147 -+ 115 

CHOMe 

I 
191+ 159,127,95 

FOMe 

&HOMe 
1 

279 -+ 247,215,183 

eH,OMe 

(ma1 wt 324) 

Fig. 2. Fra~~ntation pattern of lib, 19a,b, 27e,b, and 358,b. 
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galactu / tato-o&mate derivatives, and have shown that their 3-deoxyoctitols could 
be differentiated by GLC, preferably as methylated derivatives. We are currently 
synthesizing the 3-deoxy-r+ultro,3-deoxy-D-&o-, 3-deoxy-&do-, and 3-deoxy-p- 
&lo-2-octulosonates, and their 3-deoxyoctitol derivatives, in order to complete the 
series. 

General methuds. -Solvents were purified in the usual way; the petroleum ether 
(PE) used had a boiling range of 30-70°C. ‘H NMR spectra: Bruker AC 250 
Cryospec; internal standard, tetramethylsilane. Flash chromatography: Silica Gel 
60 (Merck; 40-60 pm). Medium-pressure liquid chromatography (MPLC): silica 
gel LiChroPrep RP 8 (Merck; 40-60 pm). Thin-layer chromatography (TLC): Foil 
plates, Silica Gel 60 Fz4 (Merck; layer thickness, 0.2 mm). Optical rotations: 
Perkin-Elmer polarimeter 241/MS, 1-dm cell. 

Methylation was performed according to the method of Ciucanu and Kerek’O, 
and methylated products were purified’i on a SEP-PAR C,, cartridge. 

GLC was performed on a Varian model 3700 gas chromatograph equipped with 
a flame-ionisation detector. For analysis of the acetylated and methylated 3-de- 
oxyoctitols, fused-silica columns with chemically bonded SE-54 (25 m x 0.32 mm, 
0.25pm film thickness, Weeke M~hlheim). at 0.15 MPa H,, and SP-2380 (30 
m x 0.25 mm, 0.20 pm, Supelco, Inc.) at 0.15 MPa H,, were used. The tempera- 
ture programs are given in Table I. GLC-MS was carried out on a Hewlett-Packard 
5985 instrument, equipped with an SE-54 capillary column and an HP-1000 data 
system. E&mass spectra were recorded at 70 eV, and CI-mass spectra were 
obtained with ammonia as reactant gas. 

2,3,4,5,6-Penta-0be&-D-allose diethyl dithioacetal (2).-To a solution of p-al- 
lose diethyl dithioaceta18 (1; 1.8 g, 6.3 mm011 and benzyl bromide (7.2 g, 42 mmol) 
in dry DMF (30 mL) was added sodium hydride (1.2 g, 50 mmol) in 3 portions 
during 1 h; the reaction temperature should not exceed 30°C. After 2 h, the 
reaction mixture was poured on to ice (100 g) and extracted with ether (3 x 50 
mL). The organic layer was dried (MgSOJ and concentrated. After purification of 
the residue by flash chromatography (11: 1 PE-EtOAc), 2 was obtained as a 
colourless oil (4.0 g, 86%); TLC (6 : 1 PE-EtOAc): Rf 0.47; [cy]26) + 24.4” (c 0.97, 
CHCl,); ‘H NMR (CDCl,): 6 1.12-1.20 (m, 6 H, 2 SCH,CH& 2.46-2.67 (m, 4 H, 
2 SCH,CH,), 3.63 (dd, 1 H, Js,&= 4.7, Jsa,& 10.5 Hz, H-cia), 3.70 (dd, 1 H, J5,6b 2.4 
Hz, H-6b), 3.93 (ddd, 1 H, J4,5 8.1 Hz, H-51, 4.06 (dd, 1 H, J1,2 2.6, J2,3 8.2 Hz, 
H-21, 4.23 (d, 1 H, H-l), 4.28 (dd, 1 H, H-31, 4.47-4.93 (m, 10 H, 5 OCH,Ph), 
7.23-7.32 (m, 2.5 H, 5 Ph). Anal. Calcd for C,,H,,O,S, (737.04): C, 73.33; H, 7.11. 
Found: C, 73.30; H, 7.06. 

2,3,4,5,6-Penta-o-benzyr-D-allose (3).-To a solution of 2 (4.0 g, 5.4 mmol) in 
acetone (50 mL) and water (5 mL) was added HgO (4 g). To this mixture was 
added dropwise a solution of HgCI, (4 g> in acetone (20 mL) with vigorous stirring. 
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After 12 h, the suspension was filtered through Celite and concentrated in vacua. 
A solution of the residue in CHCI, (100 mL) was washed with warm water (4 x 50 
mL) and aq Kl(30%, 3 X 30 mL), dried (MgSO,), and evaporated to dryness. The 
crude product was purified by flash chromatography (6 : 1 PE-EtOAc), to yield 
aldehyde 3 (3.2 g, 94%); TLC (6: 1 PE-EtOAc): Rf 0.30; [a]g + 11.7” (c 0.53, 
CHCl,); ‘H NMR (CDCI,): S 3.65-3.67 (m, 2 H, H-6a,6b), 3.97-4.07 (m, 4 H, 
H-2,3,4,5), 4.46-4.79 (m, 10 H, 5 OCH,Ph), 7.19-7.34 (m, 25 H, 5 Ph), 9.41 (d, 1 
H, Jr,, 0.5 Hz, CHO). Anal. Calcd for C,,H,,O, (630.79): C, 78.07; H, 6.71. 
Found: C, 78.02; H, 6.83. 

Methyl (2)-2 4 5 6 7 8-Hexa-O-benzyl-3-d-D-allo-oct-2-eno W.-To a , , , , , 
suspension of [~benzyloxyXbenzyloxycarbonyl)methyl]triphenylphosphonium 
bromide7 (4; 5 g, 8.4 mmol) in dry THF was added dropwise 1.6 M butyllithium in 
hexane (4.4 mL) at - 78°C under N,. After 20 min, 3 (3.2 g, 5.1 mmol) in dry THF 
(15 mL) was added, and the cooling bath was removed. The mixture was stirred for 
an additional 12 h at 40°C and then partitioned between ether and water (100 mL, 
1: 1). The aqueous layer was extracted three times with 30 mL of ether. The 
combined ethereal extracts were dried (MgSO,), concentrated in vacua, and 
filtered through a short column of silica gel (3 : 1 PE-EtOAc). The solvent was 
evaporated and the residue was dissolved in toluene-methanol (100 mL, 1: 4). 
NaBH, (100 mg) was added with vigorous stirring for reduction of unreacted 
aldehyde. After 1 h, sodium (50 mg) was added to complete the transesterification 
(monitored by TLC). The solution was diluted with water (100 mL), neutralized 
with 1 M HCI, and extracted with ether (3 X 70 mL). The organic layer was dried 
(MgSO,) and concentrated. Purification of the residue by flash chromatography 
(5 : 1 PE-EtOAc) yielded 5 (2.2 g, 55%); TLC (6 : 1 PE-EtOAc): Rf 0.37; [a]g + 
18.2” (c 1.29, CHCl,); ‘H NMR (CDCI,): S 3.65-3.67 (m, 2 H, H-8a,8b), 3.78 (s, 3 
H, COOCH,), 3.86, 3.98 (2 m, 3 H, H-5,6,7), 4.14, 4.33 (2 d, 2 H, J 11.9 Hz, 
OCHzPh), 4.44-4.75 (m, 11 H, 5 OCH,Ph, H-4), 6.32 (d, 1 H, J3,4 9.4 Hz, H-3), 
7.16-7.27 (m, 30 H, 6 Ph). Anal. Calcd for C,,H,,O, (792.98): C, 77.25; H, 6.61. 
Found: C, 77.00; H, 6.71. 

Methyl 4,5,6,7,8-Penta-O-benty~-3-deoxy-D-glycero-D-a~lo-octonate and methyl 
4 5 6 7 8-penta-O-benzyl-3-deoxy-D-glycero-D-altro-octonate 7 , , > (6a,b).-Pd-CaCO, 
(5%, 250 mg) in dry THF (20 mL) was activated for 6 h under H,. A solution of 5 
(1.5 g, 1.9 mmol) in THF (10 mL) was added. Debenzylation was carried out until 
compound 5 disappeared in TLC. The suspension was filtered through Celite and 
washed several times with THF. The filtrate was evaporated to dryness and the 
residue redissolved in MeOH (50 mL). After cooling to - 10°C NaBH, (100 mg) 
was added with vigorous stirring. After 1.5 h, the solution was neutralized with 1 M 
HCl, diluted with water (50 mL), and extracted with ether (3 X 75 mL). The 
ethereal extracts were dried (MgSO,) and concentrated. After purification of the 
residue by flash chromatography (3: 1 PE-EtOAc), 6a,b (800 mg, 59%) was 
obtained as a colourless oil (diastereomer ratio 2.1: 1); TLC (5 : 1 PE-EtOAc): Rf 
0.27; ‘H NMR (CDCI,): major product, 6 2.07, 2.21 (2 m, 2 H, H-3a,3b), 3.32 (d, 1 
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H, J 3.7 Hz, OH), 3.51 (s, 3 H, COOCH,), 3.74, 3.95, 4.04, 4.13 (4 m, 6 H, 
H-4,5,6,7,8a$b), 4.27-4.81 (m, 11 H, 5 OCH,Ph, H-21, 7.22-7.35 (m, 25 H, 5 Ph); 
minor product, S 1.76, 2.21 (2 m, 2 H, H-3a,3b), 2.98 (d, 1 H, J 6.8 HZ, OH), 3.67 
(s, 3 H, COOCH,), 3.74, 3.95, 4.04, 4.13 (4 m, 6 H, H-4,5,6,7,8a,8b), 4.27-4.81 (m, 
11 H, 5 OCNzPh, H-2), 7.22-7.35 (m, 25 H, 5 Ph). Anal. Calcd for C,H,sO, 
(704.86): C, 74.98; H, 6.86. Found: C, 74.94; H, 6.90. 

4,5,6,~8-~enta-~-benry~-~-~~~-D-~ycero-D-ai~o~c~~o~ 4,5,6, ~8-~~ta-O-be~- 
pi-3-neon-D-glycero-D-altro~t~t~l (7a,b); and ~,2-do-O-acerb-4,5,6,X8-penta-O- 
benzyl-3-deoxy-D-glycero-D-allo-ocbitol, 1,2-di-0-ace@-4,5,6,7,8-penta-0-bemyl-3- 
deoxy-D-glycero-D-altro-octitol (9a,b).-To a solution of 6a,b (570 mg, 0.81 mmol) 
in EtOH (50 mL) was added NaBH, (340 mg). After 6 h, the solution was 
neutralized with 1 M HCl and concentrated to half of the original volume. The 
solution was diluted with water (50 mL) and extracted with ether (3 X 70 mL). The 
organic layer was dried (MgSO,) and evaporated to dryness. After purification of 
the residue by flash chromatography (1: 1 PE-EtOAc), 7a,b (460 mg, 86%) was 
obtained as an oil; TLC (1: 1 PE-EtOAc): Rf 0.51. 

A sample of 7a,b (50 mg) was acetylated with pyridine (10 mL) and acetic 
anhydride (10 mL). After the usual workup, the syrupy acetate was purified by 
flash chromatography (3 : 1 PE-EtOAc); 9a,b was obtained quantitatively; TLC 
(3 : 1 PE-EtOAc): R, 0.46; ‘H NMR (CDCI,): major product, 6 1.79-2.09 (m, 2 
H, H-3a,3b), 1.90 and 1.95 (2 s, 6 H, 2 OAc), 3.69-4.05 (m, 7 H, H-la 4 5 6 7 8a,8b), , , , , , 
4.10 (dd, 1 H, J,,,, 2.8, &, 12.1 Hz, H-lb), 4.30-4.80 (m, 10 H, 5 OCHzPh), 5.23 
(m, 1 H, H-2), 7.23-7.34 (m, 25 H, 5 Ph); minor product, 6 1.79-2.09 (m, 2 H, 
H-3a,3b), 1.83 and 2.01 (2 s, 6 H, 2 OAc), 3.69-4.05 (m, 7 H, H-la 4 5 6 7 8a,Sb), 7 7 7 , 3 
4.26 (dd, 1 H, Jr,,, 3.4, Jla,rb 11.9 Hz, H-lb), 4.30-4.80 (m, 10 H, 5 OCH,Ph), 5.33 
(m, 1 H, H-2), 7.23-7.34 (m, 25 H, 5 Ph). Anal. Calcd for C,,HS20, (acetylated 
compounds): C, 74.19; H, 6.89. Found: C, 73.90; H 6.93. 

1,2,4,5,6,7,8-~epta-O-ace~~-3-deu~-~-gly~ro-D-a~~o~ct~t~f and I, 2,4,5,6,7,8- 
~epta-O-ace~~-3-deo~-D-~ycero-D-a~tro~tito~ (Sa,b).-M~ure 7a,b (460 mg, 0.68 
mmol) in MeOH (20 mL) was hydrogenated in presence of p~ladium-on-carbon 
(lo%, 68 mg). After 12 h, the suspension was filtered through Celite and washed 
several times with MeOH. The filtrate was evaporated to dryness and the residue 
was acetylated with pyridine (10 mL) and acetic anhydride (10 mL). After 1 day at 
room temperature, the mixture was concentrated under high vacuum with a rotary 
evaporator, and the residue was purified by flash chromatography (1: 1.5 PE- 
EtOAc) to yield 8a,b (279 mg, 79%) as an oil; TLC (1: 1 PE-EtOAc): Rf 0.33; “Ii 
NMR (CDCI,): major product, S 1.93-1.97 (m, 2 H, H-3a,3b), 2.04-2.12 (m, 21 H, 
7 OAc), 3.94 (dd, 1 H, Jla,z 5.6, Jla,r,, 12.2 Hz, H-la), 4.07 (dd, 1 H, J,,sa 6.8, Jsa,sr, 
12.2 Hz, H-8a), 4.20 (dd, 1 H, Jlb,z 3.5 Hz, H-lb), 4.29 (dd, 1 H, J,,, 3.2 Hz, 
H-8b), 5.00-5.37 (3 m, 5 H, H-2,4,5,6,7); minor product, 6 1.84-1.97 (m, 2 H, 
H-3a,3b), 2.02-2.13 (m, 21 H, 7 OAc), 3.96 (dd, 1 H, Jla,* 5.9, Jla,rb 11.7 Hz, H-la), 

4.08 (dd, 1 H, J,,sa 7.8, Jsa,sb 12.2 Hz, H-8a), 4.23 (dd, 1 H, Jlb,2 3.4 Hz, H-lb), 
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4.29 (dd, 1 H, J,,s,, 3.2 Hz, H-Sb), 5.00-5.37 (3 m, 5 H, H-2,4,5,6,7). Anal. Calcd. 
for Cz2Hs20r4 (520.49): C, 50.77; H, 6.20. Found: C, 50.96; H, 6.09. 

3-Deoxy-o-glycero-o-allo-octitol and 3-deoxy-o-glycero-o-altro-oc&ol (lOa,b).- 

A solution of 8a,b (230 mg, 0.44 mmol) in MeOH (25 mL) was treated with sodium 
methoxide (100 I,LL, M solution in dry MeOH). After 6 h, the solution was 
neutralized with Amberlite IR-120 (H+). Then the resin was removed by filtration. 
The filtrate was concentrated in vacua to a syrup which was purified by MPLC 
(1: 20 acetone-water). The aqueous solution was concentrated and freeze-dried to 
give lOa,b (78 mg, 77%); TLC (5 : 4 : 1 CHCl,-MeOH-water): R, 0.30. Acetylation 
of lOa,b under the usual conditions gave 8a,b in quantitative yield. 

Methyl (Z)-2,4,5,6,7,8-Hexa-O-benzyZ-3-deoxy-o-galacto-oct-2-eno.sona (13).- 
Bromide 4 (25g, 42 mmol), butyllithium (20 mL of a 1.6 M solution in hexane), and 
2,3,4,5,6-penta-0-benzyl-o-galactose3 (12; 10 g, 15.9 mmol) were used as described 
for compound 5, to yield 13 (7.1 g, 57%) as a colourless oil; TLC (3 : 1 PE-EtOAc): 
R, 0.58; [cw]~ + 9.3” (c 1.0, CHCI,); ‘H NMR (CDCl,): 8 3.57-3.80 (m, 3 H, 
H-7,8a,Sb), 3.76 (s, 3 H, COOCH,), 3.98-4.50 (2 m, 10 H, 4 OCH,Ph, H-5,6), 4.55 
and 4.75 (2 d, 2 H, J 11.9 Hz, OCH,Ph), 4.71 (dd, 1 H, J4,s 2.9, Js,4 9.2 Hz, H-4), 
4.84 and 4.87 (2 d, 2 H, J 11.2 Hz, C==COCH,Ph), 6.37 (d, 1 H, H-3), 7.17-7.33 (m, 
30 H, 6 Ph). Anal. Calcd for C51H5208 (792.98): C, 77.25; H, 6.61. Found: C, 77.13; 
H, 6.70. 

Methyl 4,5,6,7,8-penta-O-benzyl-3-deoxy-D-glycero-L-manno-octonate and methyl 
4,5,6,7,8-penta-O-benzyl-3-deoxy-D-glycero-L-g (lrla,b).-Debenzyl- 
ation and reduction of 13 (2 g, 2.5 mmol) were carried out as described for 
compound 6a,b; Pd-CaCO, (5%, 245 mg) and NaBH, (100 mg) were used. After 
purification by flash chromatography (3 : 1 PE-EtOAc), 14a,b (850 mg, 48%) was 
obtained as a colourless oil (diastereomer ratio 1.6 : 1); TLC (3 : 1 PE-EtOAc): R, 
0.38; ‘H NMR (CDCI,): major product, S 2.04, 2.26 (2 m, 2 H, H-3a,3b), 3.15 (d, 1 
H, J 3.9 Hz, OH), 3.68 (s, 3 H, COOCH,), 3.66-3.71 (m, 2 H, H-8a,Sb), 3.80-4.07 
(m, 4 H, H-4,5,6,7), 4.25 (m, 1 H, H-2), 4.40-4.74 (m, 10 H, 5 OCH,Ph), 7.19-7.35 
(m, 25 H, 5 Ph); minor product, 6 1.87, 2.04 (2 m, 2 H, H-3a,3b), 2.75 (d, 1 H, J 6.7 
Hz, OH), 3.53 (s, 3 H, COOCH,), 3.66-3.71 (m, 2 H, H-Sa,Sb), 3.80-4.07 (m, 4 H, 
H-4,5,6,7), 4.33 (m, 1 H, H-2), 4.40-4.74 (m, 10 H, 5 OCH,Ph), 7.19-7.35 (m, 25 
H, 5 Ph). Anal. Calcd for CJ4H4s08 (704.86): C, 74.98; H, 6.86. Found: C, 74.73; 
H, 6.92. 

4,5,6,7,8-Penta-O-benzyl-3-deoxy-D-glycero-L-manno-octitol, 4,5,6,7,8-penfa-O- 
benzyl-.%deoxy-D-glycero-I_-gko-octitol (15a,b); and 1,2-di-0-acetyl-4,5,6,7,8-penta- 
O-benzyl-3-deoxy-o-glycero-L-manno-octifo~, 1,2-di-0-acetyl-4,5,6,7,8-penta-o-ben- 
zyl-3-deow-D-glycero-L-gluco-octitol (l’la,b).-Treatment of 14a,b (530 mg, 0.75 
mmol) with NaBH, (300 mg), under the same conditions as described for 7a,b, 
yielded lSa,b (400 mg, 79%) as an oil; TLC (1: 1 PE-EtOAc): R, 0.35. 

A sample of 15a,b (50 mg) was acetylated with pyridine (10 mL) and acetic 
anhydride (10 mL). After the usual workup, the syrupy acetate was purified by 
flash chromatography (3 : 1 PE-EtOAc); 17a,b was obtained quantitatively; TLC 



T. KFiilk et al. / Carbohydr. Res. 247 (1993) 145-158 155 

(1: 1 PE-EtOAc): I?, 0.72; ‘H NMR (CDCI,): major product, 6 1.83-2.04 (m, 2 
H, H-3a,3b), 1.91 and 1.96 (2 s, 6 H, 2 OAc), 3.67-3.69 (m, 2 H, H8a,8b), 

3.74-4.04 (m, 5 H, H-la,4,5,6,7), 4.08 (dd, 1 H, Jn,2 3.1, Jla,rt, 12.1 Hz, H-lb), 
4.39-4.77 (m, 10 H, 5 OCH,Ph), 5.11 (m, 1 H, H-2), 7.20-7.35 (m, 25 I-L, 5 Ph); 
minor product, 6 1.78, 1.83-2.04 (m, 2 H, H-3a,3b), 1.92 and 2.00 (2 s, 6 H, 2 OAc), 
3.67-3.69 (m, 2 H, H-8a,8b), 3.74-4.04 (m, 5 H, H-la,4,5,6,7), 4.22 (dd, 1 H, Jlb,2 

3.5, Jla,lb 11.9 Hz, H-lb), 4.39-4.77 (m, 10 H, 5 OCH,Ph), 5.33, (m, 1 H, H-21, 
7.20-7.35 (m, 25 H, 5 Ph). Anal. Calcd for CQ7Hs209 (acetylated ~orn~unds~ C, 
74.19; H, 6.89. Found: C, 73.87; H, 7.02. 

1,2,4,5,6,7,8-Hepta-O-acetyl-3-deoxy-D-glycero-r.-manno-octito~ and 1,2,4,5,6,7,8- 
hepta-O-acetyl-3-~eo~-o-glycero-L-glu~-~~~foZ (16a,b).-Mixture 15a,b (300 mg, 
0.44 mmol) was debenzylated and acetylated as described for 8a,b, to give 16a,b 
(190 mg, 84%) as an oil; TLC (1: 1 PE-EtOAc): R, 0.33; ‘H NMR (CDCl,): major 
product, 6 1.56-1.86 (m, 2 H, H-3a,3b), 2.02-2.09 (m, 21 H, 7 OAc), 3.80 (dd, 1 H, 
J la,2 2.6, Jta,m 11.7 Hz, H-la), 4.07 (dd, 1 H, J,,& 5.2, J8a,8b 12.0 Hz, H-8a), 4.15 

(dd, 1 H, J,,sb 3.65 Hz, H-8b), 4.24 (m, 1 H, H-lb), 5.04 (m, 1 H, H-2), 5.23-5.30 

(m, 4 H, H-4,5,6,7); minor product, S 1.56-1.86 (m, 2 H, H-3a,3b), 1.99, 2.01, 2.04, 
2.05, 2.10 (5 s, 21 H, 7 OAc), 3.77 (dd, 1 H, Jla,2 2.7, Jla,lb 11.5 Hz, H-la), 3.92 (dd, 

’ H, J7,8a 5*3, JSa,8b 12.0 Hz, H-8a), 4.24 (m, 2 H, H-lb,Sb), 4.85 (m, 1 H, H-21, 
5.00-5.30 (2 m, 4 H, H-4,5,6,7). Anal. Calcd for C,H,,Or, (520.49): C, 50.77; H, 
6.20. Found: C, 50.79; H, 6.11. 

3-L)eoxy-o-glycero-L-manno-octitol and 3-deoxy-o-glycero-t_glu~c~j~oZ (ll)a,b). 
-Mixture f6a,b (120 mg, 0.23 mmol) was deprotected and purified as described 
for lOa,b, to give lSa,b (36 mg, 70%); TLC (5 : 4: 1 CHCl,-MeOH-water): Rf 
0.30. Acetylation of 18a,b under the usual conditions gave 16a,b in quantitative 
yield. 

Methyi (2)-2,4,5,6,7,8-hexa-O-benzyl-3-deoxy-D-gluco-oct-2-enosonate (21).- 
Bromide 4 (25 g, 42 mmol), bu~~ithium (20 mL of a 1.6 M solution in hexane), and 
2,3,4,5,6-penta-o-be~l-o-~u~ose12 (20; 10 g, 15.9 mm00 were used as described 
for compound 5, to yield 21(10.5 g, 83%) as a colourless oil; TLC (5 : 1 PE-EtOAc): 
R, 0.38; [a]$‘+ 21.5” (c 1.0, CHCI,); ‘H NMR (CDCI,): 6 3.66-3.77 (m, 4 H, 
H-6,7,8a,8b), 3.79 (s, 3 H, COOCH,), 4.01-4.82 (2 m, 14 H, 6 OCH,Ph, H-451, 
6.32 (d, 1 H, J3,4 9.2 Hz, H-3), 7.22-7.35 (m, 30 H, 6 Ph). Anal. Calcd for 
C5rHs208 (792.98): C, 77.25; H, 6.61. Found: C, 76.82; H, 6.74. 

Methyl 4,5,6, ~8-~~ta-~-~n~~-~-deo~-D-g~ycero-~-~~o~cto~te and methyl 
4,5,6, ~8-~nta-o-be~~l-3-deo~-D-glycero-D-id~cto~te (22a,b).-Deben~lation 
and reduction of 21 (2.8 g, 3.5 mmol) were carried out as described for compound 
6a,b; Pd-CaCO, (5%, 240 mg) and NaBH, (100 mg) were used. After purification 
by flash chromatography (3 : 1 PE-EtOAc), 22a,b (1.6 g, 64%) was obtained as a 
colourless oil (diastereomer ratio 2 : 1); TLC (3 : 1 PE-EtOAc): R, 0.36; ‘H NMR 
(CDCI,): major product, 6 1.96 and 2.23 (2 m, 2 H, H-3a,3b), 3.06 (d, 1 H, J 4.2 
Hz, OH), 3.50 (s, 3 H, COOCH,), 3.71-4.06 (m, 6 H, H-4,5,6,7,8a,H-8b), 4.16 (m, 1 
H, H-21, 4.34-4.78 (m, 10 H, 5 OCH,Ph), 7.20-7.32 (m, 25 H, 5 Ph); minor 
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product, 6 1.76, 1.96 (2 m, 2 H, H-3a,3b), 2.69 (d, 1 H, .T 6.4 Hz, OH), 3.67 (s, 3 H, 
COOCH,), 3.71-4.06 (m, 6 H, H-4,5,6,7,8a,8b), 4.32 (m, 1 H, H-2), 4.34-4.78 (m, 
10 H, 5 OCH,Ph), 7.20-7.32 (m, 25 H, 5 Ph). Anal. Calcd for C,H,,O, (704.86): 
C, 74.98; H, 6.86. Found: C, 74.98; H, 6.96. 

4,5,6,7,8-Penta-O-benzyl-3-deoxy-D-glycero-D-gulo-octito~ 4,5,6,7,8-pen&-O-ben- 
zyl-3-deoxy-D-glycero-D-ido-octitoi (23a,b); and 1,2-di-0-acetyl-4,5,6,7,8-penta-O- 
bentyl-3-deoxy-D-glyCerO-D-~lO~CtitOl, 1,2-di-0-acetyl-4,5,6,7,8-penta-0-benzyl-3- 
deoxy-o-glycero-D-ido-aczitol (25a,b).-Treatment of 22a,b (370 mg, 0.52 mmol) 
with NaBH, (150 mg), under the same conditions as described for 7a,b, yielded 
23a,b (270 mg, 77%) as an oil; TLC (1: 1 PE-EtOAc): R, 0.33. 

A sample of 23a,b (50 mg) was acetylated with pyridine (10 ml;) and acetic 
anhydride (10 mL). After the usual workup, the syrupy acetate was purified by 
flash chromatography (3 : 1 PE-EtOAc); 25a,b was obtained quantitatively; TLC 
(3 : 1 PE-EtOAc): Rf 0.38; ‘H NMR (CDCI,): major product, 6 1.74-2.01 (m, 2 
H, H-3a,3b), 1.88 and 1.96 (2 s, 6 H, 2 OAc), 3.64-4.05 (m, 8 H, H- 
la,lb 4 5 6 7 8a,8b), 9 1 I , 3 4.34-4.79 (m, 10 H, 5 OClir,Ph), 5.05 (m, 1 H, H-2), 7.22-7.32 
(m, 25 H, 5 Ph); minor product, 6 1.74-2.01 (m, 2 H, H-3a,3b), 1.90 and 2.00 (2 s, 6 
H, 2 OAc), 3.64-4.01 (m, 7 H, H-~a,4,5,6,7,8a,8b), 4.20 (dd, 1 H, J,,,, 3.5, Jla,lb 
12.0 Hz, H-lb), 4.34-4.79 (m, 10 H, 5 OCH,Ph), 5.25 (m, 1 H, H-2), 7.22-7.32 (m, 
25 H, 5 Ph). AnaI. Calcd for C4,Hs209 (acetylated compounds): C, 74.19; H, 6.89. 
Found: C, 73.74; H, 6.98. 

1,2,4,5,6, ~8-ffepta-O-acetyl-3-deoxy-D-~ycero-D-gulo-octitol and 1,2,4,5,6,7,8- 
hepta-O-acety~-3-deoxyeoxy-D-glycero-D-ido-ocfitol (24a,b).-Mixture 23a,b (330 mg, 
0.49 mrnol) was debenzylated and acetylated as described for 8a,b, to give 24a,b 
(190 mg, 76%) as an oil; TLC (1: 1 PE-EtOAc): R, 0.34, ‘H NMR (CDCl,): major 
product, S 1.76 and 1.91 (2 m, 2 H, H-3a,3b), 2.01-2.09 (m, 21 H, 7 OAc), 
3.94-4.11 and 4.16-4.26 (2 m, 4 H, H-la,lb,8a$b), 4.93-5.22 (2 m, 3 H, H-2,4,7), 
5.29 (m, 1 H, H-5), 5.40 (dd, 1 H, J 3.9, J 7.3 Hz, H-6); minor product, S 1.91 (2 m, 
2 H, H-3a,3b), 1.99-2.10 (m, 21 H, 7 OAc), 3.94-4.11 and 4.16-4.26 (2 m, 4 H, 
H-la,lb,8a,8b), 4.93-5.08 (m, 3 H-2,4,7), 5.29 (m, 1 H, H-5), 5.35 (dd, 1 H, J 3.5, J 
7.7 Hz, H-6). Anal. Calcd for C,H,,O, (520.49): C, 50.77; H, 6.20. Found: C, 

50.79; H, 6.00. 
3-Deoxy-D-glycero-D-gulo-octitol and 3-deoxy-D-g~~C~~O-D-idO-oCtitO~ (26a,b).- 

Mixture 24a,b (170 mg, 0.33 rnmol) was deprotected and purified as described for 
lOa,b, to give 26a,b (68 mg, 91%); TLC (5: 4: 1 CHCl~-MeOH-Waters R, 0.31. 
Acetylation of 26a,b under the usual conditions gave 24a,b in quantitative yield. 

Methyl (Z)-2,4,.5,6,7,&hexa-O-benzyl-3-deoxy-r+manno-oct-2-enosonate (29X- 
Bromide 4 (25 g, 42 mmol), butyllithium (20 mL of a 1.6 M solution in hexane), and 
2,3,4,5,6-penta-O-benzyl-D-mannose (28; 10 g, 15.9 mmol) were used as described 
for compound 5, to yield 29 (8.2 g, 65%) as a colourless oil; TLC (5 : 1 PE-EtOAc): 
R, 0.44; [a]$’ + 12.1’ (c 1.27, CHCl,); ‘H NMR (CDCI,): S 3.66-3.98 (m, 5 H, 
H-5,6,7,8a,8b), 3.79 (s, 3 H, COOCH,), 4.04 and 4.33 (2 d, 2 H, J 11.8 Hz, 
OCH,Ph), 4.38-4.77 (m, 11 H, 5 OCH,Ph, H-4), 6.34 (d, 1 H, J3,4 9.7 Hz, H-3), 
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7.13-7.35 (m, 30 H, 6 Ph). Anal. Calcd for CS1HS20s (792.98): C, 77.26; I-k 6.61. 

Found: C, 77.02; H, 6.65. 
methyl #,S, 6,7,8-penta-O-bePzzy~-3-deoxy-D-glyCerO-R-galaCtO~tO~~t~ and methyi 

4,5,6,7,8-penta-O-~n~~-~-deoxy-D-g~ycero-D-ta~wc~o~~e (30a,b).-Debenzylation 
and reduction of 29 (2 g, 2.5 mmol) were carried out as described for compound 
6a,b; Pd-CaCO, (S%, 245 mg) and NaBH, (100 mg) were used. After purification 
by flash chromatography (3 : 1 PIE-EtOAc), 30a,b (1.15 g, 64%) was obtained as a 
coIourless oil (diastereomer ratio 1.1: 1); TLC (5: 1 PE-EtOAc): R, 0.21; ‘H 
NMR (CDCI,): major product, 6 2.13 and 2.24 (2 m, 2 H, H-3a,3b), 3.35 (d, 1 H, J 
3.3 Hz, OH), 3.48 (s, 3 H, COOCH,), 3.73-4.06 (2 m, 6 H, H4,5,6,7,8a,Sb), 
4.17-4.83 (m, 11 H, 5 OCH,Ph, H-2), 7.18-7.35 (m, 25 H, 5 Ph); minor product, S 
1.72 and 2.24 (2 m, 2 H, H-3a,3b), 2.82 (d, 1 H, J 6.8 Hz, OH), 3.70 (s, 3 H, 
COOCH,), 3.73-4.06 (2 m, 6 H, H-4,5,6,7,8a,8b), 4.17-4.83 (m, 11 H, 5 OCIizPh, 
H-2), 7.18-7.35 (m, 25 H, 5 Ph). Anal. CaIcd for C,H,,O, (704.86): 6, 74.98; H, 
6.86. Found: C, 74.85; H, 6.79. 

4,5,6,7,8-Pentff-O-~en~~-3-deoxy-D-glycero-D-gaiacto-octito~, 4,5,6,7,8-per&a-O- 
~en~z-3-deo~-D-g~ycero-D-talo~cti~o~ (31a,b); and ~,Z-di-O-acerb-4,5,6,7,8-penta- 
O-be~l-3-deoxy-D-glyCerO-D-gaIaCtO~Ct~~~~, 1,2-di-O-acetyl-4,5,6,7,8-peuta-O-ben- 
zyl-3-deoxy-D-glycero-D-talo-octitol (33a,b).-Treatment of 30a,b (580 mg, 0.82 
mmol) with NaBH, (360 mg), under the same conditions as described for 7a,b, 
yielded 31a,b (440 mg, 79%) as an oil; TLC (1: 1 PE-EtOAc): R, 0.55. 

A sample of 31a,b (50 mg) was acetylated under the usual conditions. The 
syrupy acetate was purified by flash chromatography (3 : 1 PE-EtOAc); 33a,b was 
obtained quantitatively; TLC (3 : 1 PE-EtOAc): R, 0.48; ‘H NMR (CDCI,): major 
product, 6 1.85-2.14 (m, 2 H, H-3a,3b), 1.90 and 1.96 (2 s, 6 H, 2 OAc), 3.63-3.89, 
3.95-4.02, 4.06-4.13, 4.25 (4 m, 8 H, H-la,lb 4 5 6 7 8a,8b), I I) f , , 4.29 and 4.41-4.82 (2 
m, 10 H, 5 OCH,Ph), 5.25 (m, 1 H, H-2), 7.25-7.33 (m, 25 H, 5 Ph); minor 
product, 6 1.85-2.14 (m, 2 H, H-3a,3b), 1.92 and 1.98 (2 s, 6 H, 2 OAc), 3.63-3.89, 
3.95-4.02, 4.06-4.13, 4.25 (4 m, 8 H, H-la,lb 4 5 6 7 8a,8b), 4.29 and 4.41-4.82 (2 , , , I f 
m, 10 H, 5 OCH,Ph), 5.36 (m, 1 H, H-2), 7.25-7.33 (m, 25 H, 5 Ph). Anal. Calcd 
for C,,H,,O, (acetylated com~unds): C, 74.19; H, 6.89. Found: C, 74.03; H, 6.75. 

I,2,4,5,6,7,8-Hepia-O-acetyl-3-deoxy-D-glycero-D-gala~to~ctitol and 1,2,4,5,6,7, 
8-hepta-O-acetyl-3-deoxy-D-glycero-~-talo-octitol (32a,b).-Mixture 31a,b (440 mg, 
0.65 mmol) was debenzylated and acetylated as described for 8a,b; 32a,b (273 mg, 
80%) was obtained as an oil; TLC (1: 1 PE-EtOAc): R, 0.29; ‘H NMR (CDCI,): 
major product, S 1.91 (m, 2 H, H-3a,3b), 2.02-2.11 (m, 21 H, 7 OAc), 4.05 (dd, 1 H, 

Jla.2 5.7, Jla,lb 12.0 Hz, H-la), 4.09 (dd, 1 H, J7,sa 5.2, Jaa,sb 12.5 Hz, H-8a), 4.22 
(dd, 1 H, J7,8b 3.0 Hz, H-8b), 4.25 (dd, 1 H, Jlb,2 3.6 Hz, H-lb), 5.01-5.13 (m, 3 H, 
H-2,4,7), 5.27 (dd, 1 H, J5,6 2.7, J4,5 7.4 Hz, H-5), 5.41 (dd, 1 H, J6.? 8.6 Hz, H-6); 
minor product, 6 1.73-1.94 (m, 2 H, H-3a,3b), 2.02-2.11 (m, 21 H, 7 OAc), 3.98 

(dd, 1 H, Jra,z 5.6, Jga,,b 11.9 Hz, H-la), 4.11 (dd, 1 H, JT,8a 5.4, Jsa,8b 12.3 Hz, 
H-8a), 4.19-4.25 (m, 2 H, H-lb,8b), 5.01-5.13 (m, 3 H, H-2,4,7), 5.27 (m, 1 H, H-5), 
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5.43 (dd, 1 H, .7 3.0, J 8.3 Hz, H-6). Anal. Calcd for C,,H,,O,, (520.49): C, 50.77; 
H, 6.20. Found: C, 50.88; H, 6.04. 

3-Deoxy-o-glycero-o-galacto-octilol and 3-deoxy-o-glycero-D-talo-octitol (34a,b). 
-Mixture 32a,b (224 mg, 0.43 mm011 was deprotected and purified as described 
for lOa,b, to give 34a,b (75 mg, 77%); TLC (5 : 4 : 1 CHCl,-MeOH-water): R, 
0.29. Acetylation of 34a,b under the usual conditions gave 32a,b in quantitative 
yield. 
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