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ABSTRACT 

Twenty-eight steroid tri-0-acetyl-j?-D-glucopyranosiduronic methyl esters have 

been prepared by a standard method, and isomerized to their a-D anomers with 
titanium tetrachIoride. Reduction of seven such pairs with lithium aluminum hydride, 
folIowed by re-acetyIation, provided the corresponding D-glucopyranoside tetra- 
acetates. The configuration at the anomeric carbon atom assigned in each case was 
supported by (a) the anomerization increment, M,--MD,, which constituted a 
regular series within the limits of + 704 to + 985, and (b) the correspondence between 
observed and calculated M, values. Members of the anomeric pairs, with the exception 
of those derived from the isosapogenins, were also differentiated by i.r. spectroscopy, 
chiefly by a band within the range of 1146-I 140 cm- 1 that is displayed only by the 
Z-D anomers. Methyl (tri-0-acetyl-/3-D-glucopyranosid)uronates were distinguished 
from the corresponding @@ucopyranoside tetraacetates both by i.r. spectroscopy 

and mass spectrometry. 

INTRODUCTION 

Interest continues in the synthesis and metabolism of steroid B-D-glucopyranos- 
iduronic acids, but it is evident from recent compilations1 that the preparations of 
anomeric pairs has received little attention. We have therefore utilized experience 
gained in a recent synthesis of the methyl (tri-O-acetyl-/3-D-glucopyranosid)uronate 
(1) of cholesterol2 to prepare a total of 28 anomeric pairs of steroid D-glucopyranos- 
iduronic acids and D-glucopyranosides, as the tri-0-acetyl methyl esters and tetra- 
acetates, respectively. The steroids employed included cholesterol, the four possible 
stanols derived from it, and various 17-ketosteroids, pregnane derivatives, and 
isosapogenins. The preparation of these pairs is briefly described, their optical 
rotatory properties are recorded, and their differentiation by i.r. spectroscopy is 
discussed. 

RESULTS AND DISCUSSION 

Preparation of anomeric pairs. - The methyl (tri-O-acetyl+D-glucopyranosid)- 
uronates (Series A, Scheme 1) were prepared first, by using those conditions* that 

*A benzene solution of methyl 2,3,4-tri-O-acetyl-i-bromo-l-deoxy-a-~-glucuronate (12 mmoles) 

and the appropriate steroid (4 mmoles) was shaken for 24 h at room temperature with silver oxide 
(8 mmoles). For details, see ref. 2. 
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Series C (p-0) Series 0 (U-D) 

Scheme 1. Generalized formulas and preparative routes (members of series A and B are listed in 
Table I, and of series C and D in Table Ii). R = aglycon moiety. 

had provided the cholesterol derivative 1 in a yield of 86%. Applied to the new 
aglycons, this method gave the B-D anomers of the pure esters in yields ranging from 
38 to 77%. For the saturated members, anomerization of each ester to its CL-D anomer 
(Series B) was effected with titanium tetrachloride in benzene or dichloromethane 
at room temperature. These conditions are notably milder than those employed by 
Pacsu3 and Lindberg4, who anomerized /3-D-glucopyranoside tetraacetates of simpler 
aglycons by treatment with this reagent in relluxing chloroform. Following failure 
to anomerize 1 with this reagent directly, it was assumed that the procedure would 
fail with other unsaturated derivatives as well. Accordingly, the derivatives of 
cholesterol (l), pregnenolone (7), dehydroisoandrosterone (12), and diosgenin (17) 
in Series A were anomerized as their dibromides (assumed to have the 5cr,6/3 confi- 
guration, analogous to that of cholesterol dibromide), after which the U-D anomers 
(la, 7a, 12a, and 17a, respectively, in Series B) were obtained by debromination with 
zinc in ether-acetic acid. In the saturated series, the Q-D-glucopyranoside tetraacetates 
23,24,25, 26, and 28 (Series C) were prepared from the corresponding methyl esters 
of Series A by reduction with lithium aluminum hydride in ether, followed by re-acetyl- 
ation of the free D-glucopyranosides thus formed. The B-D-glucopyranoside tetra- 
acetates were then anomerized as just described, affording Series D. Conversion of 
the unsaturated methyl [tri-U-acetyl-/?(and a)-D-glucopyranosid]uronates (Series A 
and B, respectively) into the corresponding D-glucopyranoside tetraacetates (Series C 
and D, respectively) was effected by reduction. This method of preparing D-gluco- 
pyranosides was useful in this connection, but has limited utility, as it is restricted 
to compounds that have reducible groups at C-6 only. 

Some interrelationships were established by hydrogenating the unsaturated 
derivatives 1, la, 7,7a, 12,12a, 17,17a, 27, and 27a in neutral ethanol with palladium- 
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on-carbon as the catalyst. The products were identical, as judged by their melting 
points and i-r. spectra, with the saturated 5a derivatives 3, 3a, 10, lOa, 16, PQa, 19, 
19a, 28, and 28a; respectively. 

Derivatives 1, 7, 10, 12, 14, 15, 16, 22, 22a, 23, 23a, 24, 24a, 25, 26, and 27 
(that included three anomeric pairs) had been prepared or isolated by other workers; 
the rest are new. In addition to the usefulness of anomeric pairs for intercomparisons, 
it is necessary only to saponify the acetylated methyl esters of Series A in order to 
convert them into known, or potential, excretion forms (conjugates) of steroid 
metabolites. Moreover, the recent demonstration that surviving potato tissue can 
convert dehydroisoandrosterone into its /?-D-glucopyranoside’ shows that the 
formation of steroid D-glucopyranosides in plants can be studied by simple, in vitro 

techniques, and justifies further efforts to prepare them by chemical means. 
The preparation of the methyl (tri-O-acetyl-/?-D-glucopyranosid)uronate (20) of 

/I-cortolone merits further mention. The 20,21-isopropylidene acetal of &cortolone 
can be prepared in high yield and, after the Koenigs-Knorr condensation, hydrolytic 
removal of the isopropylidene group can be effected in a yield approaching 90%. As 
this group can be introduced and removed with equal ease in 17,200c,21-glycerols and 
20r(and 2Ofi),21-glycols6, it is clear that this approach to the preparation of the 3-D- 

glucopyranosiduronates of steroidal side-chain glycols and glycerols has general 
utility. 

Optical rotatory properties of anomeric pairs. - The optical rotations of the 
anomeric pairs were determined in chloroform, and are given in Tables I and II as 
molecular rotations (M,). The value for M,,=-M,,, which constitutes the anomeri- 
zation increment (A,,,, .) for each pair, lies, in this series*, within the narrow range 
of + 704 to + 984, with an average value of + 823. The configuration at the anomeric 
center, which is determined by the mechanism of the reaction, is confirmed in each 
instance by the sign of the increment. The calculated7 Mn vaiues are also given; 
their essential agreement with the corresponding observed values supports the proposed 
assignments. 

These data were also considered in terms of Hudson’s rules of isorotation8”. 
The second of these states that the A value, which corresponds to half the anomer- 
ization increment, is dependent solely on the nature of the aglycon group. As these 
increments form a regular series (see Tables I and II), it follows that the contributions 
of the various steroids are similar, irrespective of structural differences. In addition, 
the magnitude of the A values (which range from +352 to +492) is consistent 
with the size of the aglycon groups. The first rule states that the B value, which corre- 
sponds to half the sum of the observed molecular rotations of agiventx, /?-pair, is charac- 
teristic of the particular carbohydrate, and is independent of the substituent at C-l. As 
the carbohydrate moiety remains constant within eachTable, these data should provide 
two sets of values, each comprising a series of similar a$ sums; but, when the value 

l Anomerization increments based on rotations observed at 365 nm gave a similarly regular series: 
Ma6~,- M36sB lay within the range of +2028 to +2917; average, +2417. 
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in the Tables were considered in these terms, it was evident that the sums actually 
form a generally irregular series, which includes several highly anomalous, negative 
values. When the B values were re-calculated after subtracting the M, value of the 
appropriate free steroid from the MD value of the intact derivative, a somewhat more 
regular series was obtained. Three distinctly low values were encountered (+ 160, 
+76, and + 142, from pairs 4-4a, ll-lla, and 13-13a, respectively); the remaining 
values ranged from +212 to + 395, averaging f298. It has been shownlo that varia- 
tions in A and B values are due to interactions between the carbohydrate and steroid 
portions of the molecule, and it is suggested that this factor may account for some of 
the irregular B values in the present series. In considering the calculated M,, values 
(see above), it was noted that the agreement, in this series, between calculated and 
observed M,-, values was similar to that recorded by Nitta et al.‘* for a number of 
methyl ester triacetates, but far from the close correspondence observed by Becker”, 
who examined several free D-glucopyranosiduronic acids. If divergences between 

calculated and observed M, values are also caused by interactions, it may be suggested 
that such interactions are more marked in acetates. This thesis should readily be 

testable by re-determining the Mo values of the present series after hydrolysis to the 
free acids. 

Infrared spectra of anonreric pairs. - Considerable information is available 
on the i.r. spectra of the peracetates of the common hexoses and of simpler glycosides 

and glycosiduronic acids (see reviews13, and papers by Isbell and associates”“’ 

and Nitta et aZ.16), but interest in the spectra of steroid D-glucopyranosiduronic acids 
and D-glucopyranosides has developed only within the past few years. Spectra of the 
compounds prepared in this study were obtained for potassium bromide dispersions, 
and were closely compared in the region of 1350-850 cm-‘, the range considered 
most useful for distinguishing between members of anomeric pairs. These data are 
compiled in Tables I and II for bands observed within the following regions: 9 15-880, 

1150-I 130, 1185-l 155, and 1340-1330 cm-‘. 
All of the methyl (tri-O-acetyl-D-glucopyranosid)uronates exhibit a sharp 

band, having medium to strong intensity, in the range 897-890 cm-‘. This band has 
no value for differentiating anomeric pairs, but it distinguishes the methyi ester 
triacetates from the D-glucopyranoside tetraacetates, since the latter display a similar 
band lying aboue 900 cm- * (a sharp band in the range of 912-908 cm- ’ for 22,22a, 

23, 24. 26, and 26a*, and broader bands, as indicated, for 23a, 24a, and 25a). This 
differentiation cannot be applied to derivatives of diosgenin and tigogenin, which 
show a strong, obscuring band at 900 cm- ’ that is characteristic of isosapogenins. 

All of the derivatives examined display a band (which sometimes appears as 
a shoulder or is flanked by a second, weaker band) in the range 1185-l 156 cm- I, 
varying in intensity from compound to compound, from very weak to strong. This 

*The ,9-o-glucopyranoside tetraacetates of pregnenoione, pregnanolone, allopregnanolone, 17- 
hydroxypregnanolone, dehydroisoandrosterone, androsterone, etiocholanolone, isoandrosterone, 
and /3-cortolone, which we have recently prepared, but which are not formally described in this paper, 
show sharp bands in the range 906-909 cm-l. 
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band is usually weaker for the a-D member of an anomeric pair, but members cannot 
be differentiated by this means alone. Such differentiation depends on the observation 
that only a-D anomers, with the inevitable exceptions provided by the isosapogenins, 
also display a sharp band, of moderate to strong intensity, in the range 1146-l 140 cm- ‘. 
One methyl ester triacetate (12) and all of the /3-D-glucopyranoside tetraacetates show 
a second, usually very weak, band in the range 1138-l 130 cm- ’ ; its low intensity 
and displacement serve to distinguish it from the band at 1146-l 140 cm- I. It would 
appear that the “a” band, in the range 11461140 cm-‘, permits the assured differ- 
entiation of anomeric pairs of steroid tri-O-acetyl-D-glucopyranosiduronic methyl 
esters and D-glucopyranoside tetraacetates. 

In Tables I and II are also listed bands generally observed in the range 1335 
1330cm-‘; these range in intensity from moderate to weak (but well defined) bands, 
to weak, broad bands. With one exception (5), they were noted only for the m-D 

anomers; they were either absent or very obscure for the isosapogenins. Where 
clearly present, these bands serve to supplement data from the region of 1150- 
1130 cm- ‘, but their usefulness is limited by their low intensity. 

A general comparison of these bands with those recorded for simple methyl 
(tri- O-acetyl-D-glucopyranosid)uronates and D-glucopyranoside tetraacetates is unfor- 
tunately not possible, as most of the latter spectra were determined for chloroform 
solutions, rather than for potassium bromide dispersions; significantly different 
spectra may be obtained with the two media, as shown, for example, in Fig. 3 of the 
paper of Nitta et al.’ 6. The spectral characteristics of one anomeric pair, in potassium 
chloride dispersion, may be mentioned, namely the methyl a(and j?)-D-glucopyranos- 
ide tetraacetates15. Bands for the o! anomer include 1180 (w), and 114.5 cm-’ (s), 
whereas those for the /I anomer are at I175 (s), 1140 (m), and 1110 cm- ’ (m). The ita- 
licized values clearly link these results with those in Tables I and II. A few i.r. 
spectra of steroidal @-D-glucopyranosiduronic acids and esters have been reported; 
these include the spectra of eleven methyl ester triacetates in the amorphous and 
crystalline statesl’, four free acids recorded in the same wayl’, and five methyl 
ester triacetates in a crystalline form Il. From these data and our observations, it is 
evident that the most useful spectra, particularly as regards the 1185-l 130-cm- ’ 
region, are derived from acetylated forms in a dispersed, crystalline state. 

Mass-spectral studies. - The fragmentation patterns of seven pairs of Series A 
and C derivatives were determined, in order to extend earlier observations2 bearing 
on their differentiation. The results are summmarized in Table III, in which ion 
intensities are expressed as percentages of the base ion, m/e 43 (CHsCO+). 

Molecular (M+) ions were observed for all compounds except one (e), and 
were unexpectedly prominent for the g,g’ pair, indicating the considerable stability 
of these rather complex compounds. As the free 17,208,21-glycerol derived from g 
aIso provided a large M* ion, it follows that the noted stability is not conferred by 
the isopropylidene group alone. 

The pyronium ions m/e 317 and m/e 331 (see Scheme 2) are derived from Series A 
and C, respectively. As Table III illustrates, these ions provide a reliable means for 
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distinguishing between the two classes. The apparently exceptional m/e 331 ion 

furnished by g is believed not to be a pyronium ion, since the required m/e 317 ion 
was also present. The free 17,20&21-glycerol obtained from g provided a wholly 
analogous pattern, and it is therefore suggested that the m/e 331 ion observed for g 
was derived from a steroid residue lacking an isopropylidene group, possibly corre- 
sponding to C, 1 H, 1 0, (331.46). The presence of the isopropylidene group in g and g ‘, 
and its absence in the 17,20/3,21-glycerol, was clearly shown by the characteristic 
m/e 101 ion in the spectra of the first two. 

AcO 

m/e 257 m/e 317 m/e 197 

CW,OAc e 

AcO 

_ A';= _ q 
AcO AcO 

m/e271 m/e 331 m/e 211 

Scheme 2. Ion fragments useful in distinguishing between steroid tri-O-acetyl-&D-glucopyranos- 
iduronic methyl esters and B-D-ghtcopyranoside tetraacetates. 

It is clear from Table III that prominent among the further reactions of the 
l?z/e 317 ion, is the loss of both one and two molecules of acetic acid, yielding the 
m/e 257 and m/e 197 ions, respectively. The further fragmentation of the m/e 331 
ion appears to follow a similar course, furnishing, in this case, the 771/e 271 ion and, 
less regularly, the well known’s*19 m/e 211 ion*. Our earlier suggestion’ that the 
m/e 331 ion undergoes an initial expulsion of the CH,COOCHf fragment followed 
by the loss of one molecule of acetic acid, successively yielding the ~z/e 257 and m/e 197 
ions, is not supported by these data. It seems probable that the large m/e 271 ion 
derived from e and e’ represents a steroid component, possibly 3,5_androstadiene- 
17-one (270.4). 

It has been suggested I8 that, under favorable circumstances, it may be possible 
to distinguish anomers on the basis of their mass spectra. We have attempted to test 
this view with the present pairs, but differences, if present, were too small to be 
detected by using the direct-introduction technique. 

EXPERlhlENl-AL 

General. - Melting points were obtained with a Fisher-Johns apparatus and 
are uncorrected: compounds were placed on the stage preheated to a temperature 
10” below the m-p. Optical rotations were determined with a Zeiss 0.005” photo- 
electric polarimeter at a concentration of cv 1.5% and a temperature of 24 + 1”. 1.r. 

*The presence of the IV-60, M-120, and M-l80 ions of various intensities in the spectra of all deri- 
vatives indicates the successive loss of three molecules of acetic acid. 
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spectra were recorded with a Beckman IR-8 spectrometer; they were in accord with 
the assigned structures, but, as most of them displayed few bands in the 4000- 
1330-cm- 1 region, except those regularly occurring at 1745-1760 and 1260-1205 

(acetate), 1445-1435, and 1375-l 365 cm- ‘: they are referred to only where they 

provide additional information. Mass spectra were determined by Dr. Robert 
Schaffer, of the Morgan-Schtier Corporation, Montreal, Canada, with a Hitachi- 

Perkin-Elmer RMU-6D spectrometer. T.1.c. was performed on silica gel (Camag 
DF-5) supported on glass plates. Columns were prepared with silica gel (Davison, 
grade 923); the modile phases consisted of appropriate mixtures of ethyl acetate and 
2,2,4_trimethylpentane. Yields reported are base d on products that had been twice 
recrystallized and dried over anhydrous calcium chloride in caczzo. Specimens for 
elementary analysis (by August Peisker-Ritter, Brugg, Switzerland, and Alfred 
Bernhard& Elbach iiber Engelskirchen, West Germany) were dried to constant 
weight over phosphoric anhydride under high vacuum at an appropriate temperature. 

Methyl (5a,@?-dibromocholtan-3/?-yl 2,3,4-tri-O-acetyl-j?-D-g/ucopyranosid)- 

trronate (2)fronz 1. - To a solution of methyl (cholest-5-en-3j?-yl2,3,4-tri-O-acetyl- 
fl-D-glucopyranosid)uronate’ (1, 500 mg) in ether (25 ml) was added, in one portion, 
a solution of bromine (75 ,ul) and anhydrous sodium acetate (20 mg) in acetic acid 
(2.5 ml). After the mixture had been stirred for about 3 rnin at room temperature, 
the product separated spontaneously in crystalline form. The flask was chilled, and 
the crystals were dispersed by the addition of methanol, collected by filtration, and 
washed with methanol. Recrystallization from ether-methanol afforded 532 mg 
(87%) of the pure dibromide, m-p. 173-174” (dec.); [aID -6O”, [aJ365 - 197”. 

Anal. Calc. for &,H,,Br,O,,,: C, 55.68; H, 7.24; Br, 18.52. Found: C, 55.50; 
H, 7.21; Br, 18.65. 

Methyl (5a,6/3-dibronrocholtan-3P_3d 2,3,4-rri-0-acetyl-a-D-glucopyranosid)- 

wonate (2a)from 2. - To a solution of 2 (466 mg) in benzene (5 ml) was added 0.1 ml 
of titanium tetrachloride (Fisher, purified grade). As the solution darkened rapidly, 
it was diluted with ethyl acetate after 30 min, washed with neutral brine, dried, and 
evaporated. Crystallization from ethyl acetate-methanol furnished 311 mg (67%) 
of needles, m.p. 185-186” (dec.); [aID +54”, [a]365 + 141’. 

Anal. Calc. for C,,H,,Br,O,,: C, 55.68; H, 7.24; Br, 18.52. Found: C, 56.01; 

H, 7.20; Br, 18.42. 
Methyl (cholest-S-en-3jLyZ 2,3,4-tri-o-acetyk+D-g~zicopyraJzosid)zwo~zate (la) 

from 2a. - To a solution of 2a (573 mg) in ether (30 ml) and acetic acid (10 ml) was 
added zinc powder (1.5 g), and the suspension was stirred for 10 min at room temper- 
ature. The supematant liquor was diluted with ethyl acetate, washed successively 
with water, cold 2~ sodium hydroxide, and neutral brine, dried, and evaporated. 
Crystallization from ethyl acetate-ethanol provided 420 mg (90%) of needles, m.p. 

191-192”; [aID +95”, [a& f274”. 

Anal. Calc. for C40H61010: C, 68.35; H, 8.89; 0CH3, 4.41. Found: C, 68.31; 

H, 8.93; OCH3, 4.46. 
Methyl (5x-clrolestan-3~-_vi 2,3,4-tri-O-acetyl-&mgkopyranosid)uronate (33). - 
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Compound 3 was prepared from 5a-cholestan-3/3-ol (cholestanol) as described for 
the preparation of 1 from cholesterol ‘. Crystalrization from ethyl acetate-methanol 
gave needles in a yield of 67%, m.p. 180-181”; [a],, -5O, [a& - 15”. 

Anal. Calc. for C40&4010: C, 68.15; H, 9.15; OCHS, 4.40. Found: C, 68.18; 
H, 9.14; 0CH3, 4.42. 

Methyl (Sa-cholestan-3/3-yl 2,3,4-tri-O-acetyl-a-D-gfucopyranosid)uronate (3a) 
from 3. - To a solution of 3 (100 mg) in benzene (2 ml) was added 0.05 ml of titanium 
tetrachloride. After the yellow complex had been dispersed with glass beads, the 
suspension was kept for 12 h at room temperature. The product was isolated as in 
the preparation of 2a from 2, to give 78 mg (78%) of needles from acetone-methanol, 
m.p. 175-175.5”; [a]n + 108”, [a]365 +315”. 

Anal. Calc. for C,,H,,O,,: C, 68.15; H, 9.15; 0CH3, 4.40. Found: C, 68.14; 
H, 9.30; OCH,, 4.70. 

Methyl (Sa-clrolestan-3a-yZ 2,3,4-tri-0-acetybjl-D-glucopyranosid)wonate (4). - 
Compound 4 was prepared from 5a-cholestan-3a-ol (epicholestanol) as for the 
synthesis of 1. Crystallization of the product from ethyl acetate-methanol gave long 
needles; yield 46%, m-p. 191-192”, [aID - IS”, [alSG5 -45”. 

Anal. Calc. for C,,Hs40,,: C, 68.15; H, 9.15; OCH,, 4.40. Found: C, 68.20; 
H, 9.11; OCH,, 4.38. 

Methyl (5a-cJloJestan-3a-yl 2,3,4-tri-o-acetyi-c-D-giucopyranosid)uronate (4a) 
-front 4. - Treatment of 4 (100 mg) with titanium tetrachloride, as in the preparation 
of 3a from 3, gave 74 mg (74%) of needles from acetone-methanol, m.p. 147-147.5”; 
[a&-, +88”, [a]Ll365 -l-258”. 

Anal. Calc. for C,,H,,OI,: C, 68.15; H, 9.15; 0CH3, 4.40. Found: C, 68.36; 
H, 9.21; OCH,, 4.42. 

Methyl (5/3-cholestan-3/3-yl 2,3,4-tri-0-acetyl-j?-D-glucopyranosid)uronate (5). - 
Compound 5 was prepared from 5jLcholestan-3/I-ol (coprostanol) as in the synthesis 
of 1. Crystallization from acetone furnished needles (38%), m.p. 182-I 83”, [a],, - 11 O, 
kh5 -290. 

Anal. Calc. for C4,-,H6401,,: C, 68.15; H, 9.15; OCH3, 4.40. Found: C, 68.19; 
H, 9.15; OCH,, 4.39. 

Methyl (5/3-cJ~oJestan-3fi-y1 2,3,4-tri-0-acetyl-a-D-ghicopyranosid)uronate (5a) 

from 5. - Treatment of 5 (100 mg) with titanium tetrachioride, as in the preparation 
of 3a from 3, afforded 50 mg (50%) of needles from hexane, m.p. 159-160”; [aID 
+ 115”, [a& + 334”. 

Anal. Calc. for C,,H,,O,,: C, 68.15; H, 9.15; 0CH3, 4.40. Found: C, 68.20; 
H, 9.19; OCH,, 4.59. 

MetJzyl (S/l-clzolestan-3a-yl 2,3,4-tri-O-acetyl-fi-D-glucopyranosid)uronate (6). - 
Compound 6 was obtained from 5/3-cholestan-3a-ol (epicoprostanol) as in the prepa- 
ration of 1. Crystailization from ethyl acetate-methanol provided needles (56%), 
m-p. 176-177”; [aID O”, [a& 0”. 

Anal. Calc. for C,,H,,O,,: C, 68.15; H, 9.15; OCH,, 4.40. Found: C, 68.12; 
H, 9.05; OCH,, 4.48. 
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Methyl (5jGcholestan-3x-yl 2,3,4-tri-0-aceryl-z-D-ghicopyranosid)uronate (6a) 
from 6. - Anomerization of 6 (100 mg), as in the preparation of 3a from 3, gave 
64 mg (64%) of needles from methanol, m.p. 136.5-137.5”; [aJD + 107”, [a& + 311 O. 

Anal. Calc. for C4cHS40i0: C, 68.15; H, 9.15; OCH,, 4.40. Found: C, 68.07; 
H, 9.05; OCH,, 4.38. 

Methyl (ZO-oxopregn-5-en-3j?-yI 2,3,4-tri-O-acetyl_8-D-glucopyranosid)uronate 
(7). - Compound 7 was prepared from 3&hydroxypregn-5-en-20-one (pregnenolone) 
as in the synthesis of 1. The product was obtained as needles from methanol (54%), 
m.p. 184-185”; [a]n f7”, @I365 +150”; lit.” m.p. 183-l 84”, [aID + 5” (chloroform). 

Methyl (5a,6~-dibromo-20-oxopregnan-3~-yl2,3,4-tri-O-acetyl-~-D-glucopyranos- 
id)uronate (8) from 7. - To a sohttion of 7 (633 mg; 1 mmole) in chloroform was 
added, in one portion, a solution of bromine (61 ~1; 1.2 mmoies) in 0.15 ml of acetic 
acid. As soon as decolorization was complete (- 3 min), the solution was successively 
washed with cold, dilute sodium hydroxide and water, dried, and evaporated. Crystal- 
lization of the product from dichloromethane-methanol provided 525 mg (66Oh) of 
needIes, m.p. 171-172” (dec.); [G],, -38”, [als6s - 18”. 

Anal. CaIc. for CJ4H48Br2011: C, 51.52; H, 6.10; Br, 20.17. Found: C, 51.40; 
H, 6.08; Br, 20.31. 

Methyl (5a, 6j?-dibromo-20-oxopregnan-3/l-yi 2,3,4-tri-O-acetyl-rD-glucopyran- 
osid)uronate @a) from 8. - To a solution of 8 (400 mg) in dichloromethane (20 ml) 
was added titanium tetrachloride (0.20 ml). After 2 h at room temperature, the 
solution was successively washed with dilute, cold sodium hydroxide and water, 
dried, and evaporated. Crystallization of the product from dichloromethane-methanol 
provided 305 mg (75%) of needles, m-p. 196.5-197.5” (dec.); [aID + 84”, [a]365 + 346”. 

Anal. Calc. for C,,H4,Br20, I: C, 51.52; H, 6.10; Br, 20.17. Found: C, 51.44; 
H, 6.00; Br, 19.98. 

Methyl (ZO-oxopregn-5-en-3P-yl 2,3,4-tri-0-acetyl-a-D-gh4copyranosid)uronate 
(7a) from 8a. - To a stirred solution of 8a (150 mg) in ether (10 ml) and acetic acid 
(3 ml) was added powdered zinc (500 mg) during 10 min. Isolation of the product as 
in the preparation of la from 2a, followed by crystallization from dichloromethane- 
methanol, gave 120 mg (80%) of needles, m.p. 197-198”; [alI, + 142”, [a]sG5 -l-564”. 

Anal. Calc. for Cs4Hds0t1: C, 64.54; H, 7.65; OCH,, 4.90. Found: C, 64.31; 
H, 7.70; OCH,, 4.79. 

Methyl (IO-oxo-S/l-pregnan-3a-yl 2,3,4-tri-0-acetyl-P-D-gh~copyranosid) 

(9). - Compound 9 was prepared from 3c+hydroxy-5/I-pregnan-20-one (pregnanolone) 
as in the synthesis of 1. The product crystallized as needles from ethyl acetate- 
methanol; yield 44%, m.p. 197.5-198.5”; [a],, +43”, [a& -1-270”. 

Anal. CaIc. for C34H50011: C, 64.33; H, 7.94; OCH,, 4.98. Found: C, 64.64; 
H, 8.02; 0CH3, 5.15. 

Methyl (20-oxo-5/%pregnan-3r-yf 2,3,4-tri-O-acetyl-a-D-gh~copyranosid)uronate 
(9a)Jl;om 9. - To a solution of 9 (100 mg) in benzene (3 ml) was added 0.05 ml of 
titanium tetrachloride. After 5 h at room temperature, the product was isolated; 
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it furnished, from ethyl acetate-methanol, 80 mg (80%) of plates, m.p. 222-223”; 

[aID i- 159”, [a& +610”. 
Anai. Calc. for C,4HS,0, ,: C, 64.33; H, 7.94; OCH,, 4.98. Found: C, 64.21; 

H. 7.74: OCH,, 4.93. 

Methyl (20-oxo-Sa-pregnan-3j?-yl 2,3,4-tri-0-acetyQ?-D-glucopyranosid)uronate 
(10). - Compound 10 was obtained from 3/?-hydroxy-5r-pregnan-20-one (allo- 
pregnanolone) as in the synthesis of 1. Crystallization of the product from ethyl 
acetate-methanol gave needles; yield 51%, m.p. 203-204”; [aID +29”, [alSG5 +244”; 
lit.” m.p. 201-202”. 

Methyl (2O-oxo-Sqwegnan-3#kyf 2,3,4-tri-O-acetyl-z-D-glucopyranosid)uronate 
(lOa) from 10. - Anomerization of 10 (100 mg), as in the preparation of 9a from 9, 
gave 68 mg (68%) of needles from ethyl acetate-methanol, m-p. 177-178”; [rlD + 165”, 
[o(]~~~ + 629”. 

Anal. Calc. for CJ4Hs00,,: C. 64.33; H, 7.94; 0CH3, 4.98. Found: C, 64.31; 
H, 7.80; OCH,, 4.94. 

Methyl (I7x-hydroxy-20-oxo-Sj3-pregnan-3a-yl 2,3,4-tri-0-acetyl-fi-D-gillco- 
pyranosid)uronate (11). - Compound 11 was prepared from 3x,l7a-dihydroxy-S/3- 
pregnan-20-one (17-hydroxypregnanolone), as in the synthesis of 1. The product 
crystallized from ethyl acetate as needles, yield 47%, m.p. 213-213.5”; [r],, - 14”, 

14 365 - 11”. 

Anal. Calc. for C34H50012: C, 62.75; H, 7.75; OCH,, 4.77. Found: C, 62.72; 

H, 7.69; OCH,, 5.01. 

Methyl (17a-hydroxy-20-oxo-5/3-pregnmz-3c~-yl 2,3,4-tri-O-acetyl-c-D-gluco- 
pyranosid)uronate (lla) from 11. - Treatment of 11 (100 mg) with titanium tetra- 
chloride, as in the preparation of 9a from 9, gave 83 mg (83%) of needles from ethyl 
acetate-methanol, m-p. 21 l-212”; [x]~ + 104”, [a& t313”. 

Anal. Calc. for C34H5,-,012: C, 62.75; H, 7.75; 0CH3, 4.77. Found: C, 62.66; 
H, 7.50; OCH,, 4.91. 

MethyI (17-oxoandrost-S-en-3jI-yl 2,3,4-tri-O-acetyl+D-glucop~~ranosid)urorrate 
(12). - Compound 12 was prepared from 3P-hydroxyandrost-5-en-17-one (dehydro- 
isoandrosterone) as in the synthesis of 1. Crystallization from methanol furnished 
needles (77%), m-p. 194-194.5”; [a&, - 1 I”, [a]365 - 102”; lit.” m.p. 195-195.5”, 
[E]~ - 11 o (chloroform). 

Methyl (5c#~-dibromo-17-oxoandrostan_3B-y1 2,3,4-tri-0-acetyl-P-D-ghco- 
pyranosia~uronate (13)from 12. - Btomination of compound 12 was effected as in 
the preparation of 8 from 7. Crystallization from dichloromethane-methanol afforded 

needles (74%)) m-p. 153-154” (dec.); [aID -4O”, [z& - 19”. 

Anal. Calc. for C3zH,4Br,0,t. - C, 50.27; H, 5.80; Br, 20.90. Found: C, 50.14; 

H, 5.84; Br, 21.06. 
Methyl (5r,6&dibromo-I7-oxoandrostan-3&yl 2,3,4-tri-O-acetyl-r-D-ghcopyran- 

osid)uronate (13a)from 13. - Treatment of compound 13 with titanium tetrachloride 
was conducted as in the preparation of 8a from 8, except that a reaction time of 
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3 h was used. Crystallization from dichioromethane-methanol gave needles (90%), 
m.p. 180.5-181.5” (dec.); [&, +77”, [a]365 t323”. 

Anal. Calc. for C,,H++Br,O,,: C, 50.27; H, 5.80; Br, 20.90. Found: C, 49.96; 
H, 5.72; Br, 21.85. 

Mef1yZ (17-oxoandrost-5-en-38-yl 2,3,4-tri-0-acetyl-c-D-glucopyranosid)uronate 
(12a) from 13a. - Debromination of compound 13a was performed as in the prepa- 
ration of 7a from 8a. The product crystallized from aqueous methanol as needles 
(88%), m-p. 156.5-157°; [&ID +136”, [r&5 -1-539”. 

Anal. Calc. for CS2HtiO11: C, 63.56; H, 7.33; OCH,, 5.13. Found: C, 63.67; 
H, 7.30; 0CH3, 5.04. 

Methyl (17-oxo-5a-androstan-3cr-yl 2,3,4-tri-O-acetyl-p-D-glucopyranosid)uronate 
(14). - Compound 14 was prepared from 3a-hydroxy-5a-androstan-17-one (andro- 
sterone) as in the synthesis of 1. Crystallization of the product from ethyl acetate- 
hexane afforded needles in a yield of 42%, m.p. 181-182”; [& + 17”, [a& + 196”; 
liLzz m-p. 175.5-176”, [aID + 12” (chloroform). 

Methyl (I 7-oxo-Sa-androstan-3a-yI 2,3,4-tri-O-acetyl-a-D-glucopyranosid)uronate 
(14a) from 14. - Treatment of compound 14 (100 mg) with titanium tetrachloride 
was conducted as in the preparation of 9a from 9. The product was crystallized (with 
difficulty) from aqueous methanol (yield, 70%); m-p. indefinite*; [a],, + 135’, [a]365 
+ 541”. 

Anal. Calc. for C32H46011: C, 63.35; H, 7.64; OCH,, 5.11. Found: C, 63.20; 
H, 7.39; OCH,, 5.09. 

Metlgvl(i7-oxo-5~-at~drostan-3a-yl2,3,4-tri-O-acetyi-~-D-glucopyra,rosid) 
(15). - Compound 15 was prepared from 3a-hydroxy-3jkandrostan-17-one (etio- 
cholanolone) as in the synthesis of 1. The product crystallized from ethyl acerate- 
hexane as needles (63%), m.p. 181-182”; [a]o +32”, [alSG5 +235”; lit.” m.p. 176.5- 
178’, [aID +29“ (chloroform)_ 

Methyl (Z7-o_ro-S~-androstan-3~-y~2,3,4-tri-O-acetyi-a-~-glrrcopyranosi~uro~~ate 
(15a) from 15. - Anomerization of compound 15 was performed as in the preparation 

*The meIting points of 14a, 15a, 16a, 20, and 21 were indefinite, and are therefore not recorded. 
Extended drying over a suitable desiccant in ~CICUO at 60-100” was without effect. In order to determine 
whether these derivatives were contaminated with unreacted free steroid, samples of each were treated 
with acetic anhydride and pyridine, recovered in the usual way, and examined by t.1.c. This procedure 
would readily reveal contaminating free steroid, as the mobilities of the methyl ester triacetates and 
the acetates of the steroidal aglycons differ greatly. In all cases, this test gave negative results. 
(Contaminating free steroid can be detected by mass spcctrometry, provided that the steroid is 
appreciably more volatile than the corresponding methyl ester triacetate; see ref. 2 in this regard). 

Another possibility was that 14a, 15a, 16a, and 20a might contain some unreacted anomer; 
its presence or absence was difficult to establish with certainty by t.l.c., as the RF differences between 
members of anomeric pairs are frequently too small to be useful. As an alternative test, fresh samples 
of each B-D precursor, namely 14, 15, 16, and 20, were treated with titanium tetrachloride for a 
period of time twice that originally employed. The crystallizing characteristics and melting-point 
behavior of the products were the same as those originally observed for 14a, 15a, 16a, and ZOa. 

These results, together with the satisfactory elemental analyses and the optical rotatory behavior, 
which was as expected, indicated that the compounds were substantially pure. 
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of 9a from 9. Crystallization from acetone-hexane gave needles (82%); [a]n + 148”, 
[a& + 569”. 

And Calc. for C32H46011: C, 63.35; H, 7.64; OCHs, 5.11. Found: C, 63.47; 
H, 7.43; OCH,, 5.10. 

MethyZ (17-oxo-5a-androst~-3~-yl2,3,4-tri-O-acety~-~-D-g~ucopyranosi~zfronate 

(16). - Compound 16 was prepared from 3/l-hydroxy-5a-androstan-17-one (iso- 
androsterone) as in the synthesis of 1. The product crystallized from ethyl acetate- 
hexane as needles (63%), m.p. 147-148”; [a]o +24”, [al365 +217O; lit. m-p. 163-164”, 
[a]o + 19” (chloroform23 ; m.p. 168-170”, [aID +28” (ch.loroform)20. 

Methyl (I 7-oxo-5a-androstan-3j3-yl 2,3,4-tri-0-acetykz-D-gIucopyranosid)uronate 
(16a) from 16. - Treatment of compound 16 with titanium tetrachloride, as in the 
preparation of 9a from 9, gave crystals from aqueous methanol (with difficulty) in a 
yield of 70% ; [a]D + 164”, [a& t626”. 

Anal. Calc. for C,,H,eOI,: C, 63.35; H, 7.64; OCH,, 5.11. Found: C, 63.23; 
H, 7.44; OCH,, 5.09. 

Methyl (25,,-spirost-5-en-3)9-yL 2,3,4-tri-O-acetyl-/I-D-ghfcopyranosid)ffronate 
(17). - Compound 17 was prepared from 25,,- spirost-5-en-38-01 (diosgenin) as in 
the synthesis of 1. The product crystallized from ethyl acetate-methanol as long 
needles (60%), m.p. 207-208”; [a],, -86”, [a&s -246”. 

Anal. Calc. for C40H580,1: C, 65.73; H, 8.00; 0CH3, 4.25. Found: C, 65.78; 
H, 7.96; OCH,, 4.14. 

Methyl (5a,6~-dibronto-25zF-spirostan-3P_yl 2,3,4-tri-0-acetyl-/3-D-glffcopyran- 
osid)uronate (18) from 17. - Bromination of compound 17 was effected as in the 
preparation of 13 from 12. Crystallization of the product from ethyl acetate-methanol 
(with avoidance of heat) gave needles (66%), m.p. 166-167” (dec.); [a]o -99”, [a13e5 
- 308”. 

Anal. Calc. for C,aH,sBrzO,,: C, 53.94; H, 6.56; Br, 17.94. Found: C, 53.69; 
H, 6.51; Br, 18.24. 

Methyl (5z,6/?-dibromo-25,p- p s irostan-3/3-yl 2,3,4-tri-O-acetyl-c-D-ghfcopyran- 

osid)uronate (18a)front 18. - Treatment of compound 18 with titanium tetrachloride 
was conducted as in the anomerization of 13, except that the reaction time was 
extended to 4 h. Crystallization from dichloromethane-methanol afforded needles 
(68%), m-p. 217-218” (dec.); [r]n +6”, [alXG5 +6O. 

Anal. Calc. for C,,H,,Br,O,,: C, 53.94; H, 6.56; Br, 17.94. Found: C, 53.98; 
H, 6.72; Br, 17.34. 

Methyl (25,,-spirost-5-en-3/3-y1 2,3,4-tri-O-acetyi-~-D-ghfcopyranosid)t fronate 
(17a) jronz 18a. - Debromination of compound 18a was performed as in the prepa- 
ration of 12a from 13a. The product crystallized from dichloromethane-methanol 
as needles (82%), m.p. 218-219”; [a]n +43”, [a13e5 + 131”. 

Anal. Calc. for CJoHSsO12: C, 65.73; H, 8.00; OCH,, 4.25. Found: C, 65.70; 
H, 8.04; OCH,, 4.25. 

Methyl (25,,5a-spirostan-3B_yl_ 2,3,4-tri-0-acefyl+D-glzfcopyranosid)zfronate 

(W - Compound 19 was prepared from 25,F- 5a-spirostan-3/L01 (tigogenin) as in 
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the synthesis of 1. Crystallization from methanol gave needles (43%), m-p. 234-235”; 
[alz, -6O”, [c&.~ -171”. 

Anal. Calc. for C4,-,HS,-,01t: C, 65.55; H, 8.23; OCH,, 4.23. Found: C, 65.68 ; 

H, 8.31; OCHs, 4.33. 
Metlzyl (2.5.&a-spirostan-3j?-yl 2,3,4-tri-0-acetyl-cr-D-gZucopyranosid)urozzate 

(19a)from 19. - Anomerization of compound 19,2s in the preparation of 9a from 9, 
gave needles from ethyl acetate (70%), m.p. 246.5-247.5”; [aID +58”, [a]365 + 172”. 

Anal. Calc. for C4,,H6,,012: C, 65.55; H, 8.23; OCH,, 4.23. Found: C, 65.57; 
H, 8.02; OCH,, 4.16. 

3a,l 7a-Difz~~droxy-20~,2I-(isopropylidezzedioxy)-5~-pregnan-Il-one. - To a con- 
centrated solution of 3a,17a,20/3,21-tetrahydroxy-S/.?-pregnan-1 1-one24 (5 g) in warm 
methanol was added acetone (2 liters). The solution was cooled to room temperature, 
and p-toluenesulfonic acid (1.25 g) was added. After 20 min at room temperature, 
M sodium hydroxide (7.5 ml) was added, and the solution was concentrated almost 
to dryness itz uaczzo. The residue was dissolved in wet ethyl acetate, and the solution 
was washed with neutral brine, dried, and evaporated. Crystallization from acetone 
gave 5.05 g (90%) of prisms, m.p. 186187”, [aID +40”. 

Anal. Calc. for G4HS805: C, 70.90; H, 9.43. Found: C, 70.68; H, 9.15. 
Metlzyl [ I7a-lzydrox& I I-oxo-ZOP,ZI-(isopropylidenediox~~)-5~-pregnan-3a-yi 

2,3,4-tri-o-acetyb/b-g!ucopyrano.sid]uronate (21). - Compound 21 was prepared 
from 3a,17a-dihydroxy-20~,2I-(isopropylidenedioxy)-5~-pregnan-ll-one as in the 
synthesis of 1. The product crystallized from acetone-hexane as fine needles (69%); 
k% + I”, [al365 +48”; ~21 3680-3550 (17-OH), 1705 (1 I-;carbonyl), 1160, 936, and 
860 cm- 1 (20,21-acetonide)6. 

Anal. Calc. for C3,HS5014: C, 61.48; H, 7.53; 0CH3, 4.29. Found: C, 61.19; 
H, 7.70; OCH,, 4.40. 

Metlzyl (I 7a,2Ofi,21-trilzydroxy-I I-oxo-5j?-pregnan-3r-yl 2,3,4-tri-0-acetyl-/3-D- 
gIzrcopyranosid)zrronate (20) f ronz 21. - A solution of compound 21 (1.5 g) in acetic 
acid (525 ml) and water (225 ml) was kept for 16 h at room temperature. After 
removal of the solvents in cacao, the product was isolated in the usual way and gave, 
from acetone-hexane. 1.24 g (87%) of needles; [allD +4”, [a]s6s +40”; VI:; 3700-3200 
(OH) and 1701 cm- r (1 I-carbonyl). 

Anal. Calc. for CS4HS0014: C, 59.81; H, 7.38; 0CH3, 4.55. Found: C, 59.97; 
H, 7.60; 0CH3, 4.53. 

Methyl (Z7a,20&21-trihydroxy-I I-oxo-5/?-pregnan-3a-yf 2,3,4-tri-0-acetyl-a-r-D- 
glucopyra~zosid)urolrate (2Oa) fronz 21*. - To a solution of compound 21 (200 mg) 
in benzene (10 ml) was added 0.1 ml of titanium tetrachloride. After 6 h at room 
temperature, the suspension was diluted with ethyl acetate, and the neutral product 
was isolated in the usual way. Crystallization from methanol gave 152 r.?g (80%) 

*The acetonide 21 is the preferred starting material for the preparation of ZOa, as it is more 
soIuble than 20 in benzene. The isopropylidene group is probably removed by hydrolysis during 
processing of the acidic reaction mixture. 
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of tie needles; [a]n + 116”, [a]365 +364”; v=i 3700-3150 (OH) and 1701 cm-’ 
(1 l-carbonyl). 

Anal. Calc. for Cs4Hs,,014: C, 59.81; H, 7.38; OCH,, 4.55. Found: C, 59.68; 
H, 7.16; OCHB, 4.50. 

Methyl [Z7a-hydroxy-ZZ-oxo-20,2Z-(isopropytidenedioxy)-S~-pregnan-3a-yI 2,3,4- 
tri-0-acetyl-a-D-glucopyranosid&ronate (21a) from 20a. - Acetonation of compound 
20a, as in the previous example, furnished needles from ethyl acetate-methanol (SS%), 
m.p. 224.5-225.5”; [alo + 116”, [a& f364”; ~2;; 3680-3350 (17-OH), 1701 (ll- 
carbonyl), 1160, 935, and 859 cm-’ (20,21_acetonide). 

Anal. Calc. for Cs7Hs4014: C, 61.48; H, 7.53; OCH,, 4.29. Found: C, 61.40; 
H, 7.65; OCHs, 4.10. 

ChoZest-.5-en-3B-yl2,3,4,6-tetra-O-acetyZ-j?-~-gIucopyranoside (22) from 1. - To 
a solution of compound 1 (200 mg) in dry ether (20 ml), lithium aluminum hydride 
(100 mg) was added in one portion. After the suspension had been refluxed for 3 h, 
the excess of hydride was decomposed by the sequential addition of ethyl acetate and 
water. The mixture was diluted with ethyl acetate, and washed successively with 
2~ hydrochloric acid, dilute sodium hydroxide, water, and neutral brine, dried with 
anhydrous sodium sulfate, and evaporated in z;acuo. The residue was treated with 
acetic anhydride and pyridine for 12 h at room temperature, and the resulting 
acetate was isolated in the usual way. Crystallization from ethyl acetate-methanol 
gave 130mg of needles (64%), m.p. 161.5-162”; [aID -27”, [c&s -90”; lit. m.p. 
159-l 60”, [a]b -24” (chloroform)25; m.p. 159-160”, [a],, -23” (chloroform)26; 
m-p. 157-159”, [a]b -25” (chloroform)*‘. 

Cholest-5-en-3/Lyl 2,3,4,6-tetra-O-acetyyl-a-D-glucopyranoside (22a) from la. - 

Reduction of compound la (100 mg), as in the preparation of 22 from 1, afforded 
43 mg (42%) of needles from ethyl acetate-methanol, m.p. 195.5-196.5”; [a]u +91”, 
[a&s -i-257”; lit. m-p. I95”, [aID t88” (cbloroform)28; m.p. 195-197”, [aID +88” 
(chlorofornr)27. 

Sa-Cholestarz-3/?-yl 2,3,4,6-tetra-O-acetyl-B_D-glucopyranoside (23) from 3. - 
Reduction of 3 (300 mg), as in the preparation of 22 from 1, gave only 52 mg (17%)” 
of needles from ethanol, m-p. 174.5-175.5”; [a],, +3”, [alae5 +5’; lit. m.p. 175’, 
[a], + 5” (chloroform)2g; m-p. 174-175” (ref. 30); m-p. 164-165”, [a]o i-6.3” (chloro- 
form) 3 ’ _ 

5a-Cholestan-3/l-yI 2,3,4,6-terra-0-acetyl-a-D-glucopyranoside (23a) from 23. - 
Treatment of 23 (100 mg) in benzene (2 ml) with 0.05 ml of titanium tetrachloride 

*When it was noted that the amount of mother liquor was very small, it became clear that much 
of the product, which has a very limited solubility in ether-ethyl acetate, had been lost during the 
processing. A modified procedure was therefore devised: after the addition of ethyl acetate and water, 
the remaining ether was evaporated with a stream of nitrogen. The residue was suspended in aqueous 
methanol, the pH adjusted to -7, the solution re-evaporated, and the residue well dried (still in 
the original flask) in wcuo over an effective desiccant. The dry residue was treated with acetic 
anhydride and pyridine, and the acetate was recovered in the usual way. When a fresh sample of 3 
was reduced as indicated, and subsequently processed by the modified technique, the yield of 23 
was 85%. This method was also used for recovering the reduction products from 17, 17a, and 19. 
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for 9 h at room temperature, followed by the usual processing, furnished 55 mg 
(55%) of needles from ethyl acetate-methanol, m.p. 186-187°; [a], + 106”, [r&65 
+303”; lit. m.p. 184”, [r]n -I- 114” (chloroform)2g; m.p. 182”, [aJn + 108” (chloro- 
form)~“. 

Sa-Cizoleslan-&-yl 2,3,4,6-tetra-0-act?fyb&D-ghcopyranoside (24) from 4. - 

Compound 24 was obtained by the reduction of 4, as in the preparation of 22 from 1. 
The product crystallized from acetone-hexane as needles (79%), m.p. 175-176”; 
r&I - 11 O? b&65 -35”; lit. m.p. 174”, ~cc]n -3” (chloroform)“; m.p. 170-172” 
(ref. 30). 

Sr-Cholestan-3x-y~2,3,4,6-tetra-O-acetyl-a-D-ghcopyranoside (24a) from 24. - 

Treatment of compound 24 with titanium tetrachloride was conducted as in the 
preparation of 23a from 23. Crystallization of the product from ethyl acetate- 
methanol gave needles (50%), m.p. 137-l 39”; [a], + 97”, [r& +278”; lit. m.p. 130”, 
[r]n +93” (cb_loroform)2Q. 

S/K’holestanJ~-yl 2,3,4,6-tetra-O-acetyl-P_D-glrrcopyranoside (25) from 5. - 

Compound 25 was obtained by the reduction of 5, as in the preparation of 22 from 1. 
Crystallization from ethanol-acetone gave needles (59%), m.p. 202.5-203.5”; [a]n - 3”, 
bl 365 - 16”: lit3’ m-p. 198-200”. 

5/?-Cholestan-3fl-yi 2,3,4,6-tetra-O-acetyi-yl-r-D-ghcopyranosi (29a) from 25. - 

Anomerization of compound 25, as in the preparation of 23a from 23, gave needles 
from ethyl acetate-methanol (62%), m.p. 120-121”; [aJD + 117”, [x]~~~ t332”. 

Anal. Calc. for Ccl H66C1 o: C, 68.49; H, 9.25. Found: C, 68.66; H, 9.20. 
SQ-Cholestan-3a-yl 2,3,4,6-terra-O-acetyQ?-D-ghcopyranoside (26) from 6. - 

Reduction of compound 6, as in the preparation of 22 from 1, gave a filtrable gel 
from acetone-methanol (72%), mp. 173-173.5”; [a],, +lI”, [c&65 +23”; lk3’ 
m-p. 140-141” (?). 

Anal. Calc. for C_$lH&&lc: C, 68.49; H, 9.25. Found: C, 68.45; H, 9.03. 
S/I-Cholesfan-3a-yl2,3,4,6-tetra-O-acety/-a-D-ghcopyranoside (26a) from 26. - 

Treatment of compound 26 with titanium tetrachloride, as in the preparation of 
23a from 23, gave needles (71%) from ethyl acetate-methanol, m.p. 144.5-145.5”; 
[& f110”, [a]365 -+314”. 

Anal. Calc. for C,,Hs60, o: C, 68.49; H, 9.25. Found: C, 68.37; H, 9.05. 
25~,-Spirost-5-en-3j?-~~I 2,3,4,6-tetra-O-acetyl-B_D-ghcopyranoside (27) from 17. 

- Reduction of compound 17, as in the preparation of 23 from 3, gave needles from 
ethyl acetate-methanol (72%), m.p. 208-209”; [a],, -77”, [E& -228”; lit. m.p. 
200-202”, [Z](lD -75” (cMoroform)32; m-p. 204-205”, [LX], -71” (p-dioxane)33. 

AnaL Calc. for C4rHs0012: C, 66.10; H, 8.12. Found: C, 66.24; H, 7.88. 
25,&‘pirost-S-en-3~-yl 2,3,4,6-tetra-O-acetyba-D-ghcopyranoside (27a) from 

17a. - Reduction of compound 17a, as in the preparation of 23 from 3, gave a 
filtrable gel from ethyl acetate-methanol (62%), m-p. 161.5-162.5”; ~&,+37”, 
[lx]365 -!- 107”. 

Anal. Calc. for C4rHG0012: C, 66.10; H, 8.12. Found: C, 66.10, H, 7.98. 
25,,-5x-Spirostan-38-yl 2,3,4,6-tetra-O-acetyl-jhD-ghcopyrarzoside (28) from 19. 
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- Reduction of compound 19, as in the preparation of 23 from 3, gave plates from 
ethyl acetate-methanol (72%), m.p. 207-208”; [orIn -41”, [alsc5 - 149”. 

Anal. Calc. for C41H62012: C, 65.93; H, 8.37. Found: C, 66.06; H, 8.13. 
2S~F-5a-Spirostan-3/l-yl 2,3,4,6-tetra-0-acetyl-a-D-ghcopyranoside (2%) from 

28. - Treatment of compound 28 with titanium tetrachloride, as in the preparation 
of 23a from 23, gave needles from ethyl acetate-methanol (71%), m-p. 210-21 lo; 
[a]n +57”, [a& +164”. 

Anal. Calc. for C41Hst012: C, 65.93; H, 8.37. Found: C, 65.86; H, 8.22. 
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