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ABSTRACT

Twelve fB-p-glucopyranoside tetraacetates and three tri-O-acetyl-f-p-gluco-
pyranosiduronic methy! esters in the androstane and pregnane series, all of them new
or characterized adequately for the first time, were prepared by a standardized,
simplified Koenigs—Knorr synthesis in an average yield of 51%. The configuration at
the anomeric center of the new derivatives was confirmed in each case by comparing
observed My, values with those obtained earlier for 21 anomeric pairs of steroid tri-O-
acetyl-D-glucopyranosiduronic methyl esters. Examination of their ir. spectra
confirmed an earlier observation that steroid p-glucopyranoside tetraacetates and
tri- O-acetyl-p-glucopyranosiduronic methyl esters can be distinguished by the relative
position of a band in the region of 900 cm ™ !. Saponification of the new derivatives
provided the corresponding free f-D-glucopyranosides and f-p-glucopyranosiduronic
acids (or salts). The present report includes the preparation and characterization of
the 38-yl and 178-yl B-D-glucopyranosides (and their pentaacetates), and the 3f8-yl
and 17B8-yl B-p-glucopyranosiduronic acids (and their methyl ester tetraacetates) of
androst-5-ene-38,178-diol.

INTRODUCTION

In an earlier paper?, the preparation and differentiation of 21 anomeric pairs of
steroid tri- O-acetyl-D-glucopyranosiduronic methyl esters and 7 pairs of D-gluco-
pyranoside tetraacetates was presented. We have since extended this work to the
synthesis of a series of twelve f-D-glucopyranosides and their tetraacetates in the
androstane and pregnane series, both because very few D-glucosides of these classes
have been prepared (or described adequately in the literature), and because of a
growing interest in the metabolism of such conjugates®. The preparation and
characterization of the 38-yl and 178-yl B-D-glucopyranosides and the 3f-yl and
178-yl B-p-glucopyranosiduronic acids (and derivatives) of androst-5-ene-38,178-diol
(androstenediol) was initiated earlier, in the course of a biochemical study concerned
in part with the p-glucosidation in vitro of various steroids by surviving plant tissues®.
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METHODS, RESULTS, AND DISCUSSION

Preparation of the B-D-glucopyranoside tetraacetates and tri-O-acetyl-S-D-
glucopyranosiduronic methyl esters. — Fifteen of the derivatives listed in Table I¥,
namely compounds 1-12, 15, 16, and 18, were prepared by the standardized, simplified
Koenigs—Knorr synthesis described in an earlier publication®, and illustrated in the
present article by the preparation of 18. Within the present series, yields of these
derivatives varied from 39 to 63%, averaging 51% of the theoretical**. All of these
compounds, as well as the remaining derivatives in this Table, crystallize readily and
completely (invariably from methanol or methanol-ethyl acetate), melt sharply, can
be freed of solvent without difficulty, and are ideally suited for chromatography on
silica gel®.

The free B-D-glucopyranosides and B-D-glucopyranosiduronic acids (or salts)
(Table II). — Hydrolysis of the 14 -p-glucopyranoside peracetates listed in Table |
was effected by treating each with a catalytic amount of sodium methoxide in dry
methanol for 12 to 24 h at room temperature. The reaction mixture was percolated
through a small column of the cation-exchange resin Amberlite IR-120 (H*), and the
effluent and washings were evaporated to dryness. The free D-glucosides were
crystallized from methanol or aqueous methanol. Hydrolysis of the four methyl
(steroid tri-O-acetyl-B-D-glucopyranosid)uronates was conducted in the same way,
except that an excess of aqueous sodium hydroxide was added to the system at the
conclusion of the methanolysis step; 24 hours later, the reaction mixture was processed
as just described. For the isosapogenin derivatives, the sodium salts 20a and 21a
began to crystallize shortly after addition of the aqueous alkali. Twelve hours later,
the salts were recovered by filtration, and recrystallized from aqueous ethanol.

The yields of free conjugates were lower than anticipated, ranging from 38 to
75%, and averaging 55% of the theoretical. This appeared to be due less to incomplete
hydrolysis or side reactions than to the appreciable solubility of many of them in
water or aqueous alcohol, and the consequent greater difficulty in recovering them
completely in crystalline form. (The free conjugates compare poorly with their
derivatives in other respects: their melting points are commonly far higher, and are so

*All derivatives are designated by bold-face, arabic numerals, and appear in Table I; corresponding
free conjugates bear the same number plus a bold-face letter “a”, and are listed in Table II.

**Yields recorded earlier®:* for the preparation of 16 steroid tri-O-acetyl-§-p-glucopyranosiduronic
methyl esters by the same method ranged from 38 to 86%, and averaged 56% of the theoretical. It is
common practice to effect this synthesis under mildly forcing conditions, such as may be gained by
the simultaneous addition of benzene to and its distillation from the reaction mixture, the use of
internal desiccants, or the periodical addition of fresh halogen acceptor or glycosyl halide (see ref. S,
pp- 116-121). However, yields obtained under the more vigorous conditions (considered without
regard to the various substrates and modifications employed) do not exceed, and are generally less
than, those we have recorded. This result suggests that such manoeuvres do not favorably direct the
course of the reaction, and that the vields actually reflect the influence of factors that cannot be
controlled. These factors do not appear to include limitations imposed by steric features of the
aglycon itself; we have been unable to demonstrate any consistent relationship between the structure
of the aglycon and the yield of product.
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frequently accompanied by decomposition as to limit their usefulness. Moreover, they
tend to retain various proportions of water, even after extended drying, thus complicat-
ing their elemental analysis.)

In the course of the biochemical study already referred to?®, all of the free
B-D-glucopyranosides were incubated with emulsin, and the free f-p-glucopyranos-
iduronic acids with B-glucuronidase. It was observed that, although all were hydro-
lyzed (in the qualitative sense), rates with emulsin were strongly influenced by the
configuration at C-3 of the steroid moiety.

In addition, all of the derivatives were examined by t.l.c., and the free conjugates
by both t.l.c. and paper chromatography in order to verify purity and establish
mobility relationships. The resuits of this study will be presented at a later date.

Preparation of the androstenediol B-p-glucopyranosides, B-b-glucopyranosid-
uronic acids, and derivatives. — It was earlier found® that, when androstenediol was
incubated with surviving potato slices, p-glucosidation occurred only at C-3; this
required the preparation of the 3p-yl 8-D-glucopyranoside pentaacetate of the diol 13
by chemical means. Subsequently, it also seemed of interest to prepare the correspond-
ing 17B8-yl derivative 14, as well as the 3B-yl and 178-yl B-D-glucopyranosiduronic
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13 R’=CH,0Ac; R=OAc 14 R’=CHy0Ac; R=0QAc
13a R'=CH,OH; R=0H 14 a R'=CHOH; R=OH
177 R’=COpMe; R=0Ac 18 R'=COpMe ; R=0OAc
17a R'=COyNa ; R=OH 18 a R'=COgzH; R=OH

acids (17a and 18a, respectively), and their derivatives. Details of each preparation,
with the exception of that of 13, are given in the Experimental section.

The following is an outline of the method of preparation. Reduction of 17-
oxoandrost-5-en-38-yl tetra- O-acetyl-g-p-glucopyranoside (1) with a large excess of
sodium borohydride, followed by re-acetylation of the crude product, provided 178-
acetoxyandrost-5-en-38-yl tetra-O-acetyl-B-D-glucopyranoside (13) in a yield® of
76%. Hydrolysis of 13, by the method already indicated, gave the corresponding free
B-b-glucopyranoside, namely, 17f-hydroxyandrost-5-en-38-yl B-D-glucopyranoside
(13a). It was not possible to prepare the analogous derivative in the p-glucosiduronic
acid series, namely 17a, by similarly reducing methyl (17-oxoandrost-5-en-38-yl
2,3,4-tri-O-acetyl-f-p-glucopyranosid)uronate (12 in Ref. 1), because extensive
reduction of the methoxycarbonyl function occurred under these conditions. However,
when 17-oxoandrost-5-en-3f8-yl f-pD-glucopyranosiduronic acid, a well known
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conjugate®-?, was reduced with a slight excess of sodium borohydride in aqueous,
alkaline ethanol, the desired product, namely 17f-hydroxyandrost-5-en-38-yl f-D-
glucopyranosiduronic acid (17a), was isolated (as the sodium salt) in a yield of 89%.
Its conversion into the free acid, followed by sequential treatment with diazomethane
and acetic anhydride—pyridine, afforded methyl (178-acetoxyandrost-5-en-38-yl
2,3, 4. 45i-O-acetyl-f-D-glucopyrancsidiuronate  {(17). Methyl (3B-acetoxyandrost-S-
en-178-yl 2,3,4-tri- O-acetyl-f-D-glucopyranosid)uronate (18) was prepared, in 63%
yield, directly from androst-5-ene-38,17f-diol 3-acetate by the Koenigs—Knorr
reaction. Hydrolysis of 18, as already described, furnished the corresponding free
acid, namely, 3B-hydroxyandrost-5-en-178-yl B-D-glucopyranosiduronic acid (18a).
Reduction of 18 with lithium aluminum hydride, by use of the conditions of reaction
and isolation indicated earlier!, gave 3f-acetoxyandrost-5-en-17f-yl tetra-O-
acetyl-f-p-glucopyranoside (14) in a yield of 82%. Hydrolysis of 14 gave free 38-
hydroxyandrost-5-en-178-yl f-p-glucopyranoside (14a).

Miscellaneous conjugates and their derivatives. — The remaining compounds
in Tables I and II, are 15, 15a, 16, 16a, 19a, 20a, and 21a. Sodium (17-oxo0-58-andro-
stan-3f8-yl B-p-glucopyranosid)uronate (15a) has not previously been prepared; its
methyl ester triacetate (15) completes the series of 17-ketosteroid derivatives pre-
sented earlier!. Similarly, methyl (20-oxo-5x-pregnan-3e-yl 2,3,4-tri-O-acetyi-B-D-
glucopyranosid)uronate (16) is a new compound, and completes the series of
20-ketopregnane derivatives listed earlier!. The corresponding free f-pD-glucopyranos-
iduronic acid (16a) was used in the biochemical work already mentioned?.

Known conjugates of (225, 25S5)-spirost-5-en-38-ol (diosgenin) and (225, 255)-
Sa-spirostan-3f-ol (tigogenin) include only the free f-D-glucopyranoside of diosgenin
(“trillin™) and its tetraacetate®. The preparation and characterization of (228, 255)-
Sa-spirostan-3f-yl B-pD-glucopyranoside tetraacetate, methyl [(22S, 25S)-spirost-5-en-
3p-yl 2,3,4-tri- O-acetyl-f-D-glucopyranosid]uronate, and methyl [(22S, 255)-5c-
spirostan-38-yl 2,3,4-tri- O-acetyl-B-D-glucopyranosidjuronate were given in the
earlier paper!; the respective free B-D-glucopyranoside (19a), sodium [(22S, 255)-
spirost-5-en-38-yl p-D-glucopyranosid]uronate (20a), and sodium [(22S, 255)-5c-
spirostan-3$-yl -D-glucopyranosid]uronate (21a) are now described.

Optical rotatory studies. — In the earlier study®, the configuration assigned at
the anomeric center for each compound was confirmed by the anomerization incre-
ment, Mp «— f§, which constituted a regular series within the limits of 4704 to +985,
and by the correspondence between observed and calculated My, values. In the present
series, assignments for the f-D-glucopyranoside peracetates in Table I were made by
comparing their My, values with those of the corresponding methyl (tri-O-acetyl-g-D-
glucopyranosid)uronates, given in Table I (15, 16, 17, and 18) or in Table I of the
previous paper’. There are twelve such pairs; these are as follows [derivative number
(bold face) in Table 1, observed My, for this derivative (set off by commas), and
observed Mp, for the corresponding methyl (tri- O-acetyl--p-glucopyranosid)uronate
(in parentheses)]: t, —12,(—67);2, +136,(+106); 3, +205, (+146); 4, +267, (+ 195);
5, +130, (+139); 6, +52, (+44); 7, +188, (4-165); 8, +250, (+184); 9, +331,
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(+273); 11, —13, (—91); 13, —271, (—319); and 14, —325, (—396). As may be seen,
the M, values are similar, verifying the assignment of configuration at the anomeric
center of the new derivatives. [This correlation is especially apparent when it is
considered that My, values for methyl (tri-O-acetyl-x-p-glucopyranosid)uronates are
very much larger, averaging +710 (see Table I in ref. 1)¥**,

For the four tri-O-acetyl--D-glucopyranosiduronic methyl esters in Table ¥,
their My, values (which range from + 139 to —396, and average —102), are similar
to those provided by the corresponding derivatives in Table I of ref. 1, which range
from —822 to 4273, and average — 124. Finally, it is evident from a comparison of
the M,, values in Tables I and II of the present paper that hydrolysis of a given
derivative to its free form results in only a small, variable, rotational shift.

Infrared spectral data. — It was shown in the earlier report! that anomeric
pairs of steroid tri-O-acetyl-p-glucopyranosiduronic methyl esters and b-gluco-
pyranoside tetraacetates can be distinguished by a band in the region of 1140-1146
cm™! which is displayed by «-D anomers only. Similarly, Sauer et al® noted that
anomeric steroid 2-acetamido-2-deoxy-D-glucopyranosides and their respective tri-
acetates can be distinguished by a sharply defined, intense band between 1110 and
1125cm™! that is shown by the « anomer only. This rule was substantiated in the
present study to the extent that the band at 1140-1146 cm ™! is either absent or very
weak for the derivatives in Table 1.

The previous report? also noted that steroid D-glucopyranoside tetraacetates can
be differentiated from methyl (tri-O-acetyl-p-glucopyranosid)uronates by means of a
band in the region of 900 cm™!; this band invariably lies above 900 cm ™! for the
former class, and below it for the latter. This rule is well supported by the results in
the present study: all 14 p-p-glucopyranoside peracetates in Table 1 show a well
isolated, strong band within the range 904-918 cm™!, whereas the 4 f-D-gluco-
pyranosiduronic acid derivatives display a prominent band in the range 890-898cm ™ L.
It may be added, from Tables I and II of the earlier study, that the position of this
band is either uninfluenced by the configuration at the anomeric center, or occurs at
a slightly higher frequency for the « anomer. Finally it is evident, as predicted, that
very little useful information of this kind can be derived from the i.r. spectra of free
p-p-glucopyranosides and g-D-glucopyranosiduronic acids or their salts.

EXPERIMENTAL

General. — Melting points were determined 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° photoelectric
polarimeter, at a concentration of ~1.5% and a temperature of 24 +1°. L. r. spectra

***It is to be noted that the two series of values differ to the extent that the observed Mp, for a given
methyl ester (the value in parentheses) is always slightly more negative than the Mp observed for the
corresponding D-glucoside peracetate (the value set off by commas). It is suggested that these dif-
ferences, which average —51 M, units for the 12 examples, represent, in each instance, the difference
between the rotational contribution of the methoxycarbony! grotip containing C-6, and the acetylated
primary hvdroxyl group at C-6.

Carbohyd. Res., 17 (1971) 199-207



(2 910u300j 995) ,T61~161 *d'W, "5 181-6L1 d'w A®S [886 (1¥61) 4T ‘D12 "WHYD

‘ajagy] 1994 °f puv ‘9NSKOWN "D OIS N, ‘0§ €61-T61 ‘A" 2aE [9EE (BEG1) 1T ‘DI WD *ajag]] 1OYISIA “H ‘A PUBR IOUISIIN ¥, ‘WI0JOIOYD UL,

J. J. SCHNEIDER

L 9L 76'29 §6'C9 HORTHD 96€ — - §61-¥61 (81) 15~/ L1-ud-G-1s01puLAX0IDIL-ff¢
£L 9L 0629 $6'79 TO¥H™E) 61— 0S — L81-981 (LX) |A-gfg-uo-g-1s01puBAX0IRIL-§fL |
10°8 v6'L 9'H9 £€'99 'O HY®D $91+ 9T+ 191-€91 (9r1) 14-g-uvudald-vg-0%0-7
65'L vo'L 6V°€9 gE'€9 HOYTH™D 651+ £+ £91-791 (ST) 144/ g-urIsoIpuT-fg-0X0-L ]
ajeuon(pisoussfdoon|d

“U-ff-1A1000-0 -111-'€'T) [AUPI
89'L 09°L 96'€9 £4'€9 O HYED STE— 67— 10Z-107 (¥Y) 1A-gLj-u-g-3s0ipunAx0jade-¢
WL 09'L 01°¢9 £b°€9 TTQUSHEED 1e— - BI1-181 {E1) 1= g-ud-g-3s01puBAX0IdL-4L |

Lyt 88'L L0'€Y £T'€9 TTOTHITD £51— £c- £TT-T0T @
1A= g-uruBoad-gf g-0x0-(z-AX0IPAY-0L |
8LL 88'L 8T'¢9 £0°€9 LOFFHEED £1— (= (81-981 an

1A-0¢-ueugord-gf g-0x0-0g-AX0LPAL -0 |
£1'8 80'8 60'69 6L'b9 HOTHD PIT+ £E+ 61T-81¢ (01) [A-gf¢-urudord-fg-oxo-0¢
18 80'8 09'%9 6L'Y9 O H D 1£€+ 16+ 691-891 {6) 1A-0g-urugaxd-gg-oxo-o7
90°8 80'8 £9'%9 6L'b9 Q¥ HED 05T+ 6€ + 80¢-L0T (8) 4~ g-urugard-ng-0x0-07
50'8 80'8 78'%9 6L'V9 VQTHYD 881 + 6T+ 91-191 (L) 1K-0g-urudo1d-og-0x0-07
vL'L 6L'L wy 00°59 VIQUSHEED S+ 8+ 03T (9) 14-f/¢-ua-g-ugordoxo-or
95°L 6L'L £9'¢9 98°€9 1TQSYHEED 081+ 62+ §EC~PET (§) {f-ff g-uwsospun-gg-oxo-, |
¢8°L 6LL 06°€9 98'€9 1TQRTHESD L9T+ £+ 602807 (b) 1K-0g-upISOIPUL-f/c-0X0-L ]
¥8°L 6L'L 8" 9 98°€9 "O8YHEED S0T+ £€+ p661-861 (€) 1A-gf g-urisorpun-p6-0x0-L |
L 6L'L 08'¢9 989 TQB*HED 9¢1 + T+ SE81-5T81 (2) |A-0g-UrISOIPUR-DG-0X0-L ]
£5°L 6¥'L 6T 90'9 FOOTHED 71— 7- 4L61-961 (1) [A-g/g~ud-§-150IpUROXO- |

apisourifdoon|d-a-gf-|K1908-0~8110 |,

w::a& ‘N 3:5.& 40D
pS2043ap Saa4ap
H % 2 % vpntdoy I ‘ax] “d'p ON v awvk punodio)

204

SYALST TAHLAW U.ZO:DQ_moz<=>mous._G.n..m\.b?_.mba?O “IL AlOYALS ANV SELVITIVYId mn_mOZﬁ;._OUD‘_DATQ CHOWILS

I 318vL

Carbohyvd. Res., 17 (1971) 199-207



L7a)

20

STEROID B-D—GLUCOPYRANOSIDES

"uoneAjos 03 ‘Apuaredde ‘onp d-w anuyapur, (1 Qe ‘q Jo1) oL17-917 "d* W, (1 21qEL, 0 *Jo1) ,67T
-872 "d'W, *(1 21quL *q *Jo1) (STT-€TC “dw i(jouBiow) L] — 9[0] *oL12-61T "d'w 0Av [GEOY (8961) €€ “wntuoD way) “120z7 *192]10D) LAZEYD01] “Zq
“Jorem~aulprIAd I3 ‘(Md) {1oea-jouny)d [i ‘(AF) {suexolp-d () foulpuikd ‘(g) {jourtiow {(Jy) :SMO[|0J SB POIUIPUI OSIMIDYI0 SSI[UN ‘WIO0JOIO[Yd U,

108 L£°8 1219 £8°09 O%H §'1:-80%H %D Sib— (W) 68~ 97L-5TT (v81) p1ow atuosnpisoursAdoon)d
~a-ff 1A-f L 1-ua-g-1s0apueAxoIpAH-g'c
£9'8  SS'8 $8°65 L0'09  O%H §'T-SOBNY*HED g6~ (Md) v9— 187-6L €17
1A-gf g-ueisoards-ng-(§57 ‘$TT) Wpos
128 €08 6L°09 60'19  O%H 0'T-SOBNC*HE®D 0Ls—  (Md)e6- $87-787 (¥0T) [4-f£-ud-¢-3s0a1ds-(§$7 *§TT) WIPOS
T8 618 wds 68°'I1S  OH 0'S-90EN‘*H* %D WE—- MWD L- 0l (tLD
1A-ff g~ua-g=1501pUBAX0IPAY-§ L | WNIPOS
078 978 05°LS ¥L'LS  OFH §'C-S0EN'HSD 0s1+ (W) 62+ 657-857  (v9r) [A-ng-uvuBard-ng-0x0-Q7 WNIPOS
e €9L $9°19 9919 BOEN“EH %D ¥s+ D 11+ SLT-ELC  (BSI) 1A-gg-urisotpue-fg-0X0-L | WNIpos
sjeuoInpisourifdoon|n-a-g
e  oFé 0£°89 81'89 SOYHED ovh— (@oL- 897192 (u6I) [A-gc-usisorrds-xg-(§ST* ST
06'8 168 0£°99 $£'99 LOTHSDD 1ze— (W I1L- L5T-952 (BpT) [4-¢/ L 1-U--150JpUBAXOIPAY-F £
06'8 16'8 87'99 $£'99 LOYH D 128 - @1L- 167-06¢ (8€1) 18-gg-ud-g-Is01puRAXOIPAY-F L1
L6'8 168 079 £1'%9 O%H §'0:20'"H*D S+ (W) 11+ LYT-9vT (vz1)
14-gf g-ueudosd-g¢-ox0-07-AX0IPAY-0L
81'6  S0'6 0S°19 T6°19 O°%H §'1:50""H“D sT+ S+ WT-SHT (ern
14-0g-ueufaid-g¢-0x0-0g~-AX0IPAY-2L ]
£€'6  9€'6 8¢°29 9.°79 O*H 0°C-LO*"H ™D LOT+ e+ 681-881 (e07) 1A-g'¢-uruBoad-gg-0x0-07
876 96 11°€9 9.'79 O™H 0'T-“O*"H*D 6LT+ 85+ S81-¥81 (&6) 1A-0g-ueugaad-g-0x0-07
9T'6  £U'6 SI°LY L¥'L9 LOHYD €L+ 9¢+ LFT-9YT (©8) 14~ ¢-urugosd-vg-oxo-Og
£€'6  0¢'6 09'b9 £0'S9 OH 0'1-*O*"H“*D 91T+ Sh+ 902~502 (eL) 1£-0g-urudosd-xg-0X0-07
L8'8  $8'% 9L°L9 SLLY LO¥™HAD 106~ 9— 97-85T (v9) 14-g ¢-ud-g-ugardoxo-og
L9'8 16'8 $¥'99 $£'99 LQOH D 081+ o+ SR1-p81 (e6) 14-g g-ueisorpue-gg-oxo-£ |
PI'6 06 89°79 09'79 O®H §'1-LO"H5%D €17+ Lv+ 2 (bp) [K-0g-upisoIpue-gs-0%0-L]
016 006 LS°E9 08°¢€9 O*H 0°'1-“O°"H%%D 9€[ + 0E+  UT-ITT (e€) 1A~ g-upISOIpUE-05-0X0-L |
9p'8 16°8 1€'99 $£°99 LQUH®D 80T+ (W) 9v+  HPET-EET (82) 14-0¢-upISOIPUL-0G-0X0-L |
w8 058 £9°99 $9'99 LOPEHED - L1- 17612 (er) 14-f g-us-G-1501puBOX0-£ |
apisourafdoonin-a-g
punof o) ‘punoy 210D
p$92435p s9a430p
H % 2% TN § AN ‘afx) “dw ‘ON pup autou punoduo)

Sanyv UEO&DQEOZ<¢>.~OUDAO.D.§ QIoYUdLs 40 SLTVS WNIA0S ANY mmm_mOZS;.wOUDAO.Q.& QaIouiLs

Carbohyd. Res., 17 (1971) 199-207



206 J. J. SCHNEIDER

were recorded, for dispersions in potassium bromide, with a Beckman IR-8 spectro-
meter; bands other than those discussed in the text are referred to only where they are
of utility in structural assignment. T.l.c. (ascending) was used chiefly in selecting solvent
systems for column chromatography, and for confirming the homegeneity of crystal-
lized products. It was performed on sheets of silica gel IB-F with ethanol-chloroform,
ethanol-chloroform-acetic acid, or ethyl acetate-2,2 4-trimethylpentane. Columns
of silica gel (Davison, grade 923) were used for recovering products from Koenigs—
Knorr syntheses; they were uniformly prepared, and were developed with appropriate
mixtures of ethyl acetate with 2,2,4-trimethylpentane. The yields reported are based
on products twice recrystallized and then dried over anhydrous calcium chloride in
vacuo. Specimens for elemental analysis (by August Peisker—Ritter, Brugg, Switzer-
Iand, and Alfred Bernhard, Elbach iiber Engelskirchen, West Germany) were dried
to constant weight over phosphoric anhydride under kigh vacuum at an appropriate
temperature.

Preparation of sodium (17B-hydroxyandrost-5-en-3p-yl pB-p-glucopyranosid)-
uronate (17a). — To a solution of 17-oxoandrost-5-en-38-yl f-D-glucopyranosiduronic
acid (200 mg) in a mixture of water (2 ml), methanol (10 ml), and 1M sodium hydroxide
(0.5 ml) was added solid sodium borohydride (20 mg). After 2 h at room temperature,
the excess of hydride was decomposed by the addition of a few drops of acetic acid,
the solution was diluted with benzene and methanol, and the solvents were removed
in vacuo. Crystallization of the product from aqueous methanol gave needles (186 mg,
89%); V... 1610 cm™! (carboxylate), carbonyl absorption absent.

Synthesis of methyl (38-acetoxyandrost-5-en-17 -yl 2,3,4-tri-O-acetyl-f-p-gluco-
pyranosid)uronate (18). — To a solution of androst-5-ene-38,178-diol 3-acetate
(1.33 g, 4 mmoles) in anhydrous benzene (70 ml) were added methyl 2,3,4-tri-O-
acetyl-1-bromo-1-deoxy-a-D-glucuronate (4.8 g, 12 mmoles) and freshly prepared
silver oxide (1.85 g, 8 mmoles), and the suspension was actively shaken in the dark for
24 h at room temperature. Celite was then added, the suspension was filtered, and the
filtrate was evaporated to dryness in vacuo. The residue was chromatographed on a
column (45 x 900 mm) of silica gel prepared and developed with a system consisting
of ethyl acetate (350 ml) diluted to 1000 ml with 2,2 4-trimethylpentane.Crystalliza-
tion of the product from ethyl acetate—-methanol gave 1.6 g (63%) of colorless needles;
Vimax 1745-1775 and 1220-1265 (acetate), and 897 cm™ * (hydroxyl absorption absent).

3p-Acetoxyandrost-5-en-17 B-yl tetra-O-acetyl-S-D-glucopyranoside (14) from 18.
— To a solution of methyl (38-acetoxyandrost-5-en-178-yl 2,3,4-tri- O-acetyl-f-D-
glucopyranosid)uronate (400 mg) in anhydrous ether (150 mi) was added 200 mg of
solid lithium aluminum hydride in one portion. After the mixture had been boiled
under reflux for 3 h, the excess of hydride was decomposed by the successive, cautious
addition of ethyl acetate and water; the mixture was the processed and re-acetylated
according to the procedure outlined in the footnote on p. 386 of ref. 1. Two recrystal-
lizations of the product from ethyl acetate-methanol gave 340 mg (82%) of 14 as
needles; v, 1740-1770 and 1218-1265 (acetate), and 915 cm ™! (hydroxyl absorption
absent).
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A number of analyses were present in the manuscript of the earlier paper?, but
were not included in the version published; they are listed here under their original
numbers for the compounds.

(7) Anal. Cale. for C3,H,30y,: C, 64.54; H, 7.65; OMe, 4.90. Found: C, 64.60;
H, 7.81; OMe, 4.99.

(10) Anal. Calc. for C3,H;00,,: C, 64.33; H, 7.94; OMe, 4.98. Found: C, 64.01;
H, 7.98; OMe, 4.60.

(12) Anal. Calc. for C;,H,,0;,: C, 63.56; H, 7.33; OMe, 5.13. Found: C, 63.42;
H, 7.50; OMe, 5.18.

(14) Anal. Calc. for C;3,H,40,,: C, 63.35; H, 7.64; OMe, 5.11. Found: C, 63.26;
H, 7.60; OMe, 5.10.

(15) Anal. Calc. for C3,H,40,,: C, 63.35; H, 7.64; OMe, 5.11. Found: C, 63.30;
H, 7.69; OMe, 5.17.

(16) Anal. Calc. for C;,H,60,,: C, 63.35; H, 7.64; OMe, 5.11. Found: C, 63.28;
H, 7.60; OMe, 5.28.

(22) Anal. Calc. for C4; Hg40,4: C, 68.68; H, 9.00. Found: C, 68.46; H, 8.94.

(22a) Anal. Calc. for C4;Hg,0,4: C, 68.68; H, 9.00. Found: C, 68.23; H, 9.11.

{23) Anal. Calc. for C,;HgO,4: C, 68.49; H, 9.25. Found: C, 68.40; H, 9.23.

(23a) Anal. Calc. for C4;Hg60,4: C, 68.49; H, 9.25. Found: C, 68.34; H, 9.20.

(24) Anal. Calc. for C, HgeO,4: C, 68.49; H, 9.25. Found: C, 68.70; H, 9.04.

(24a) Anal. Calc. for C,,Hg60,4: C, 68.49; H, 9.25. Found: C, 68.46; H, 9.02.

(25) Anal. Calc. for C4;HgO,o: C, 68.49; H, 9.25. Found: C, 68.54; H, 9.08.
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