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The ring A monoglucuronides and monosugates of 2-hydroxyestriol were synthesized from 2-hydroxy- 
estriol16,17-diacetate by means of the Koenigs-Knorr reaction with methyl a-acetobromoglucuronate 
and sulfation with sulfur trioxide-pyridine complex, respectively. The conjugated positions of these 
compounds were def;nitely established by conversion to 2-hydroxyestriol monomethyl ethers by meth- 
ylation, then enzymatic hydrolysis. The ring D monoglucuronides and monosuvates of 2-hydroxyestriol 
were also prepared from 2-hydroxyestriol 2,3-dibentyl ether by glucuronidation and sulfation in a 
similar fashion followed by debenzylation, respectively. The positions of conjugation were established 
on the basis of their ‘H-nuclear magnetic resonance spectral data. (Steroids 55: 128-132, 1990) 
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Introduction 

In recent years, considerable attention has been fo- 
cused on the physiologic significance of the formation 
of catechol estrogens in living animals.i12 The meta- 
bolic conjugation of catechol estrogens in animal@ 
has been investigated by several groups. In our pre- 
vious papers, we reported the in vitro and in vivo 
bioconversion of 4-hydroxyestrogens using synthetic 
monoglucuronides and monosulfates of Chydroxyes- 
trogens as reference compounds.6-8 Also, we disclosed 
the excretion of 4-hydroxyestriol 4, 3-, and 16glu- 
curonides and 4-sulfate in rat bile after oral administra- 
tion of 4-hydroxyestrio19 Accordingly, it appears to be 
of interest to clarify a difference in the metabolic con- 
jugation between 4-hydroxyestriol and 2-hydroxyes- 
triol. The authentic specimens are prerequisites for the 
unambiguous characterization of conjugation metabo- 
lites. The present report deals with the convenient 
synthesis of 2-hydroxyestriol monoglucuronides and 
monosulfates. 

Experimental 

All melting points were taken on a micro hot-stage 
apparatus and are uncorrected. Optical rotations were 
measured on a JASCO DIP-4 automatic polarimeter. 
‘H-nuclear magnetic resonance (NMR) spectra were 
recorded on JEOL FX-100 and GX-500 spectrometers 
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at 100 and 500 MHz using tetramethylsilane as an in- 
ternal standard. Abbreviations used are s (singlet), d 
(doublet), t (triplet), and m (multiplet). Mass spectral 
(MS) measurements were carried out on a JEOL JMS- 
OlSG-2 mass spectrometer equipped with a JAM-2000 
computer. Negative ion mass spectra (NIMS) were 
obtained on a JMS DX-303 HF mass spectrometer, 
and high-resolution mass spectra (high-MS) on a JEOL 
DX-303 mass spectrometer. The apparatus used for 
high-pressure liquid chromatography (HPLC) was a 
Waters ALC/GPC 202 high-performance liquid chro- 
matograph equipped with a 440 UV detector (Millipore 
Waters Assoc., Milford, MA, USA) monitoring the 
absorbance at 254 nm. The HPLC was carried out on 
DevelosiI ODS-5 (5 pm; 15 cm x 0.4 cm ID) (Nomura 
Chemical Co., Kyoto, Japan) and CL-Bondasphere 5 
j&N (5 pm; 15 cm x 0.39 cm ID) (Millipore Waters 
Assoc.) columns under ambient conditions at a flow 
rate of 1 ml/mm unless otherwise stated. For column 
chromatography and preparative thin-layer chroma- 
tography (TLC), Silica gel 60 and Silica gel HF254 (E. 
Merck, AG, Darmstadt, FRG) were used, respec- 
tivel y . 

Methyl 2,3,4-tri-0-acetyl-1-O-(16a,l7j3- 
diacetoxy-2-hydroxy-l,3,5(10)-estratrien-3-y1)-@- 
D-glucopyranosiduronate (2), methyl 2,3,4-tri-O- 
acetyl-I -O-(1 6cu, 17jSdiace toxy-3-hydroxy- 
1,3,5(10)-estratrien-2-y&p-D 
glucopyranosiduronate (3) 

Freshly prepared CdCO3li (400 mg) was added to 
a solution of 2-hydroxyestriol 16,17-diacetate (l)l" 
(200 mg) in anhydrous benzene (15 ml), and the sus- 

Q 1990 Butterworth Publishers 



P-fiydroxyestriol conjugates: Ohkubo et al. 

pension was concentrated to approximately 10 ml by 
slow distillation over a period of 30 minutes to remove 
the moisture. After the addition of methyl a-acetobro- 
moglucuronate (100 mg), the whole was refluxed for 4 
hours. Additional amounts of methyl a-acetobro- 
moglucuronate (100 mg) and CdCOp (200 mg) were 
then added, and the whole was further refluxed for 16 
hours. The precipitate was removed by filtration and 
washed with benzene. The filtrate and washings were 
combined and evaporated down. PurZcation of the 
oily residue by means of column chromatography on 
silica gel gave a mixture of 2 and 3 (37 mg). 

2-Hydroxyestriol J-glucuronide (4), 
2-hydroxyestriol2-glucuronide (5) 

The mixture of 2 and 3 (30 mg) was dissolved in 5% 
methanolic KOH (5 ml) and allowed to stand at room 
temperature for 7 hours. The reaction mixture was 
neutral&d with 5% HCl and diluted with HZ0 (100 
ml), and the organic solvent was evaporated off. The 
aqueous solution was percolated through a column 
packed with Amberlite XAD-4 resin (Rohm and Hass 
Co., Philadelphia, PA, USA) (25 cm x 1 cm ID). The 
column was washed with Hz0 and the desired com- 
pounds were eluted with MeOH. The dried eluate was 
subjected to HPLC on Develosil ODS-5 using 0.5% 
NaH2PO4 (PH 3.0)/CH&N (5: 1) as a mobile phase. 
The HPLC gave two peaks on the chromatogram in a 
ratio of approximately 1: 1. The desired fractions were 
collected and evaporated down. An aqueous solution 
of each residue was applied to a Dowex 5OW-X8 (Na+ 
form) (5 cm X 1 cm ID) column. The eluate was dried 
and recrystallized from aqueous MeOH to give 4 (6 
mg) and 5 (6 mg) as colorless amorphous substances, 
respectively. Compound 4 had the following features: 
mp, 210 C (dec.); [a# -26.6” (c = 0.1, MeOH/HzO 
(7: 1)); ‘H-NMR (CD3OI.I) 6, 0.78 (lH, s, 18-CH3), 
3.66 (lH, d, J = 9 Hz, 17a-H), 4.05 (lH, m, 16/3-H), 
6.55 (lH, s, 4-H), 7.18 (lH, s, 1-H). The following 
values were determined for compound 5: mp, 227 to 
230C;[a]ar]bs-31.7°(c=0.1,MeOH/H~0(7:1));analy- 
sis calculated, CUH92010.2H20: C, 55.81; H, 7.02; 
found: C, 55.44; H, 6.23; ‘H-NMR (CD,OD) 6, 0.77 
(3H, s, 18-CH3, 6.70 (lH, s, 4-H), 6.82 (lH, s, 1-H): 
NIMS m/z; 479 (M-H)-. 

2,3-Dibenzyloxy-I ,3,5(10)-estratriene-l&x,17@ 
diol(14) 

Anhydrous K&OS (100 mg) and benzyl chloride (0.1 
ml) were added to a solution of l(200 mg) in anhy- 
drous EtOH (20 ml), and the suspension was refluxed 
for 24 hours, The precipitate was removed by filtration 
and washed with CH$&. The filtrate and washings 
were combined and evaporated down. The residue 
was treated with 5% methanolic KOH (30 ml) at 70 C 
for 1 hour, and the resulting solution was diluted with 
Hz0 (100 ml) and extracted with AcOEt. The organic 
phase was evaporated down and the oily residue was 
purified by. column chromatography on silica gel with 

benzene/AcOEt (30: 1). The dried eluate was recrys- 
talhzed from MeOH to give 14 (153 mg) as colorless 
needles. The following values were determined: mp, 
142 to 144 C; [a]8 +56.0” (c = 0.1, CHCl,); analysis 
calculated, C~ZH~O,: C, 79.31; H, 7.49; found: C, 
78.86; H, 7.41; ‘H-NMR (CDC13, 0.79 (3H, s, 18- 
CH3,3.56 (lH, d, J = 6 Hz, 17a-H), 4.14 (lH, m, 16/3- 
H), 5.08 (4H, s, 2 x OCH&I&), 6.64 (lH, s, 4-H), 
6.86 (lH, s, I-H), 7.14 to 7.48 (lOH, m, 2 x 
~H2CdM. 

Methyl 2,3,4-tri-0-acetyl-I -O-(2,3-dibenzyloxy- 
17/3-hydroxy-I ,3,5(10)-estratrien-16a-yl)+n- 
glucopyranosiduronate (l5), methyl 2,3,4-tri-O- 
acetyl-1 -O-(2,3-dizenzyloxy-16a-hydroxy- 
1,3,5(10)-estratrien-17j%yl)-j3-LS 
glucopyranosiduronate (16) 

To a solution of 14 (200 mg) in anhydrous benzene (15 
ml) were added freshly prepared AgrC4 (300 mg) and 
methyl a-acetobromoglucuronate (100 mg), and the 
whole was refluxed for 24 hours in a dark place. Addi- 
tional amounts of methyl a-acetobromoglucuronate 
(100 mg) and A&CO3 (150 mg) were added, and the 
whole was further refluxed for 24 hours. The precipi- 
tate was removed by filtration and washed with ben- 
zene. The filtrate and washings were combined and 
evaporated down. The oily residue was purilled by 
preparative TLC or HPLC on @ondasphere 5 &N 
(15 cm x 0.39 cm ID). The desired fractions were 
collected and the eluate was recrystallized from hex- 
ane-ether to give 15 and 16 as colorless needles in a 
ratio of 7 : 1. Compound 15 had the following values: 
mp, 202 to 204 C; [a]:: +25.0” (c = 0.1, CHClj); analy- 
sis calculated C45H520u, C, 67.49; H, 6.54; found, C, 
67.50; H, 6.40; ‘H-NMR (CDCb) 6, 0.80 (3H, s, 18- 
CH3, 2.05 (3H, s, OCOCHs), 2.07 (3H, s, OCOCH3, 
2.08 (3H, s, OCOCH3), 3.67 (lH, d, J = 6 Hz, 17a-H) 
3.78 (3H, s, COOCH,), 3.92 (lH, m, 16/?-H), 4.10 (lH, 
d, J = 10 Hz, 5’-H), 4.60 (lH, d, J = 8 Hz, l’-H), 5.03 
(lH, t, J = 15 Hz, 2’-H), 5.14 (4H, s, 2 x OC&C&), 
5.22 to 5.32 (2H, m, 3’-H, 4’-I-I), 6.67 (lH, s, 4-H), 6.91 
(lH, s, l-H), 7.26 to 7.46 (lOH, m, 2 x OCH#&); 
MS (FAR) m/z, 800 (M)+. The following values were 
determined for compound 16: mp, 227 to 229 C; [a]g 
+24.0” (c = 0.1, CHCl,); high MS m/z, 800.3420 [Ml+ 
(calculated for C45H~20r3, 800.3408); *H-NMR (CDCl3) 
6, 0.75 (3H, s, 18-CHs), 2.04 (3H, s, OCOCHs), 2.05 
(3H, s, 0COCH3), 2.08 (3H, s, OCOCHj), 3.35 (lH, d, 
J = 6 Hz, 17a-H) 3.78 (3H, s, COOCH3,4.12 (lH, d, 
J = 7.5 Hz, 5’-H), 4.25 (lH, m, 16/3-H), 4.60 (lH, d, 
J = 7.5 Hz, l’-II), 5.10 (4H, s, 2 x OC&C&), 5.24 to 
5.32 (2H, m, 3’-, 4’-H), 6.69 (lH, s, 4-I-I) 6.89 (lH, s, 
l-H), 7.27 to 7.46 (lOH, m, 2 x OCH&,&). 

2,3-Dibenzyloxy-l7/3-hydroxy-l,3,5(10)-estratien- 
16a-yl+-D-glucopyranosiduronic acid (17) 

Compound 17 was prepared from 15 (27 mg) in the 
manner described for 4 and 5. The crude product was 
recrystallized from MeOH to give 17 (18 mg) as a col- 
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orless amorphous substance with the following fea- 
tures: mp, 228 to 231 C; [a]g + 114.0” (c = 0.1, 
MeOH); ‘H-NMR (CD30D) 6; 0.80 (3H, s, 18-CH3), 
5.07 (4H, s, 2 x OCH&H& 6.69 (IH, s, 4-H), 6.88 
(lH, s, I-H), 7.26 to 7.46 (lOH, m, 2 x OCH,C,&s); 
MS (FAB, NI) m/z, 659 (M-H)-. 

2,3-Dibenzyloxy-16cr-hydroxy-1,3,5(10)- 
estratrien-17@yl-/I-o-glucopyranosiduronic 
acid (18) 

Compound 18 was prepared from 16 (9 mg) in the man- 
ner described for 4 and 5. The crude product was re- 
crystallized from MeOH to give 18 (6 mg) as a color- 
less amorphous substance with the following values: 
mp, 211 to 214 C (dec.); [& -47.9” (c = 0.1, MeOH); 
‘H-NMR (CDJOD) 6; 0.84 (3H, s, 18-CH& 5.04 (4H, s, 
2 x 0CH2C6Hs), 6.64 (lH, s, 4-H), 6.84 (lH, s, l-H), 
7.25 to 7.50 (lOH, m, 2 x OCH2CsHs); MS (FAB, NI) 
m/z, 659 (M-H)-. 

2-Hydroxyestrioll6-glucuronide (19) 

A solution of 17 (10 mg) in MeOH (10 ml) was shaken 
with 5% Pd/C (15 mg) under a hydrogen gas stream for 
24 hours. The catalyst was removed by filtration and 
the filtrate was evaporated down. The crude product 
was recrystallized from MeOH to give 19 (4.6 mg) as a 
colorless amorphous substance that had the following 
values: mp, 251 to 254 C (dec.); [(Y]$ - 189.0” (c = 0.1, 
MeOH); ‘H-NMR (CD,OD) 6; 0.81 (3H, s, 18-CH3) 
6.54 (lH, s, 4-H), 6.75 (lH, s, 1-H); MS (FAB, NI) 
m/z, 479 (M-H)-. 

2-HydroxyestrioEl7-glucuronide (20) 

Compound 28 was prepared from 18 (6.6 mg) in the 
manner described for 19. The crude product was re- 
crystallized from MeOH to give 28 (4.4 mg) as a color- 
less amorphous substance. The following values were 
determined: mp, 180 to 183 C (dec.); [& - 172.0” (c = 
0.1, MeOH); ‘H-NMR (CD30D) 6; 0.88 (3H, s, 18- 
CHs), 4.21 (lH, m, 16&H), 4.33 (lH, d, J = 8 Hz, 17a- 
H), 6.46 (lH, s, 4-H), 6.70 (lH, s, 1-H); MS (FAB, NI) 
m/z, 479 (M-H)-. 

2-Hydroxyestriol3-sulfate (12), 2-hydroxyestriol 
2-sulfate (13) 

Freshly prepared sulfur ttioxide-pyridine complex 
(400 mg) was added to a solution of 2-hydroxyestriol 
16,17-diacetate (1) (300 mg) in pyridine (3 ml), and the 
whole was stirred under ice cooling for 2 hours, then at 
room temperature for 3 hours. Excess reagent was 
decomposed by the addition of 5% NaHCOs. The re- 
sulting solution was passed through an Amberlite 
XAD-4 column (20 cm x 1 cm ID) in the manner de- 
scribed above. The eluate containing the 16,17-diace- 
tate monosulfates (10, 11) was treated with 5% 
methanolic KOH (20 ml) for 12 hours at room tempera- 
ture. The reaction mixture was neutralized with 5% 
HCl and diluted with Hz0 (150 ml). The aqueous solu- 

tion was purified by Amberlite XAD-4 in the usual 
manner. The crude product was subjected to HPLC on 
Develosil ODS-5 (15 cm x 0.4 cm ID) using 0.5 
AcONa (pH 5.0)-CH&N-THF (10: 1: 1). The desired 
fractions were collected and evaporated down. The 
crude products were recrystallized from MeOH to give 
12 (26 mg) and W (26 mg) as colorless amorphous sub- 
stances, respectively. Compound 12 had the following 
features: mp, 238 to 241 C (dec.); [a]:: -103.4” (c = 
0.1, MeOH); ‘H-NMR (CD30D) 6; 0.78 (3H, s, 18- 
CH3), 3.49 (lH, d, J = 6 Hz, 17~H), 4.07 (lH, m, 16/3- 
H), 6.88 (lH, s, 4-H), 7.00 (lH, s, 1-H); MS (FAB, NI) 
m/z, 383 (M-H)-. The following values were found for 
compound 13: mp, 237 to 241 C (dec.); [a]:: -57.7 
(c = 0.1, MeOH); *H-NMR (CD30D) S, 0.78 (3H, s, 
18-CH3), 3.46 (lH, d, J = 6 Hz, 17~H), 4.04 (lH, m, 
16/3-H), 6.58 (IH, s, 4-H), 7.15 (lH, s, 1-H); MS (FAB, 
NI) m/z, 383 (M-H)-. 

2,3-Dibenzyloxy-1,3,5(10)-estratriene-16a,l7@ 
diol 16-sulfate (21), 2,3-dibenzyloxy-1,3,5(10)- 
estratriene-16a,l7P-diol I7-sulfate (22) 

Compounds 21 and 22 were prepared from 14 (300 mg) 
in the manner described for 12 and W. The mixture of 
21 and 22 was purified by preparative TLC using ben- 
zene-AcOEt (6 : 1) as a developing solvent. Elution of 
the adsorbent corresponding to each spot with AcOEt 
and recrystallization of the eluate from acetone gave 
21(47 mg) and 22 (5 mg) as colorless amorphous sub- 
stances, respectively. The following values were 
found for compound 21: mp, 186 to 188 C; [(Y]E 
- 142.9” (c = 0.1, MeOH); NMR (CDsOD) 6; 0.80 (3H, 
s, 18-CH& 3.76 (lH, d, J = 6 Hz, 17~H), 4.38 (lH, m, 
16&H), 5.10 (4H, s, 2 x OCHzCsHs), 6.70 (lH, s, 
4-H), 6.90 (lH, s, I-H), 7.28 to 7.47 (lOH, m, 2 x 
OCHG&); MS (FAB, NI) m/z, 563 (M-H)-, 472 
(M-H-91 (CsH5CH2))-, 381 (M-H-182 (2 x C,jH~CH,)). 
Compound 22 had the following values: mp, 206 to 209 
C; [a]; -42.9” (c = 0.1, MeOH); iH-NMR (CD3OD) 8, 
0.85 (3H, s, 18-CHs), 3.78 (lH, d, J = 6 Hz, 17~H), 
4.69 (IH, m, 16/3-H), 5.10 (4H, s, 2 x OCH&H5), 6.65 
(lH, s, 4-H), 6.85 (lH, s, l-H), 7.31 to 7.47 (IOH, m, 2 
x OCH,C,H& MS (FAB, NI) m/z, 563 (M-H)-. 

2-Hydroxyestriol 16-sulfate (24) 

Compound 24 was prepared from 21 (20 mg) in the 
manner described for 19. Recrystallization of the 
crude product from MeOH gave 24 (15 mg) as a color- 
less amorphous substance with the following features: 
mp, 201 to 204 C (dec.); [a]g +87.3” (c = 0.1, MeOH); 
‘H-NMR (CD30D) i&O.79 (lH, s, 18-CHs), 6.48 (lH, s, 
4-H), 6.71 (lH, s, I-H); MS (FAB, NI) m/z, 383 
(M-H)-. 

2-Hydroxyestriol 17-s&ate (25) 

Compound 25 was prepared from 22 (5 mg) in the man- 
ner described for 19. Recrystallization of the crude 
product from MeOH gave 25 (4 mg) as a colorless 
amorphous substance with the following values: mp, 
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223 to 226 C; [a]# -65.6” (c = 0.1, MeOH); iH-NMR 
(CDrOD) 8, 0.83 (3H, s, 18-CHp), 3.68 (lH, d, J = 6 
Hz, 17&-I), 4.64 (lH, m, 16@-II), 6.45 (lH, s, 4-H), 
6.70 (lH, s, 1-H); MS (FAR, NI) m/z, 383 (M-H)-. 

OAc 

1 :R-R=H 
2:R=H,A=G 
3:R=G’,R’=H 

fQ:R=H,R=ScQH 
ll:R=t30~H,R’=H 

OR 

ZIP 
,dOR 

BZ 

BZ :I 
14:R=R’=H 
:q:;=;‘~=; 

17iR:G&l 
lS:R=H;R-G 
2l:R=SO!jH,R=H 
22:R=H,R’=mH 
22:R=R’=SO2H 

OH 

DP ,&H 
R 

R :I 
I:R=H,R’=G 
S:R=G,A=H 
S:R=CHS,R’=G 
7:R=G,W=CH2 
S:R=CH2,R’=H 
9:R=H,R=CH2 

12:R=H,R’=SO2H 
13:R=t302H,R’=H 

OR 
,.klOR 

H 

H XJP :I 

lQ:R=G,R’=H 
29:R=H,R’=G 
24:R=SO2H,R’=H 
2S:R=H,R’=SC2H 

Remltsandd&xtmhn 

Our initial effort was directed to the preparation of 2- 
hydroxyestriol ring A monoglucuronides and mono- 
sulfates. Introduction of a glucuronyl moiety into 2- 
hydroxyestrioll6, l’l-diacetate (l)iO was undertaken by 
means of the Koenigs-Knorr reaction using cadmium 
carbonate as a catalyst. I1 Condensation of 1 with 
methyl 2,3,4-tri-O-acetyl-l-bromo-l-deoxy-~-o-gluco- 
pyranuronate (methyl cu-acetobromoglucuronate) in 
anhydrous benzene readily proceeded to afford two 
positional isomers, methyl 2,3,4-tri-O-acetyl-l-O- 
(16a,l7~-diacetoxy-2-hydroxy-1,3,S(lO)-est~t~en-3- 
yl)+?-Dglucopyranosiduronate (2) and methyl 2,3,4- 
tri-O-acetyl-l-0-(1ti,17~-diacetoxy-3-hydroxy-1,3,5 
(lO)-estratrien-2-yl)uglucopyranosiduronate (3), in 
an approximately equal amount. The removal of pro- 
tecting groups in ring D and sugar moieties in 2 and 3 
was attained by hydrolysis with methanolic sodium 
hydroxide under mild conditions, yielding a mixture of 
the isomeric ring A monoglucuronides. These two 
were efficiently resolved by HPLC to give the desired 
3glucuronide (4) and 2glucuronide (5), respectively. 
The /3glucuronoside structure in these monoglu- 
curonides was ascertained by characterizing 2-hy- 
droxyestriol liberated when incubated with the 
/3glucuronidase (Helix pomatia) preparation. 

24iydroxyestriol conjugates: Ohkubo et al. 

To establish the positions of the glucuronyl residue 
in 4 and 5, these two were transformed into 2-hydroxy- 
estriol2- and 3-methyl ethers (8,9) for direct compar- 
ison with the authentic specimens. On treatment with 
methyl iodide and potassium carbonate in dimethyl- 
formamide followed by alkaline hydrolysis, 4 and 5 
were led to 2-methoxyestriol 3-glucuronide (6) and Z- 
hydroxyestriol2glucuronide 3-methyl ether (7). Enzy- 
matic hydrolysis of 6 and 7 with /3glucuronidase af- 
forded 2-methoxyestriol (8) and 2-hydroxyestriol 
3-methyl ether (9), which were unequivocally identi- 
fied by means of HPLC using the authentic specimens. 

The synthesis of 2-hydroxyestriol ring A mono- 
sulfates was then undertaken. Treatment of 1 with 
freshly prepared sulfur trioxide-pyridine complex fur- 
nished a mixture of 2-hydroxyestriol 16,17diacetate 
monosulfates (10,ll) in approximately equal amounts 
as judged by reversed phase HPLC. After alkaline hy- 
drolysis under mild conditions and subsequent HPLC 
separation, the mixture provided the desired 2-hy- 
droxyestriol3- and 2-monosulfates (12, W). These iso- 
merit monosulfates led to the known 2-hydroxyestriol 
2- and 3-methyl ethers on methylation with diazometh- 
ane and subsequent hydrolysis with sulfatase (Helix 
pomatia).12 

We next, attempted to synthesize 2-hydroxyestriol 
ring D monoglucuronides and monosulfates. The 
Koenigs-Knorr reaction of 2-hydroxyestriol3,4-diben- 
zyl ether (14) with methyl cY-acetobromoglucuronate 
occurred readily to give the glucuronide acetate- 
methyl esters (W, 16) in a ratio of 7: 1. These posi- 
tional isomers were efficiently separated by HPLC on 
a normal phase column. On hydrolysis with methano- 
lit alkali followed by hydrogenolysis over palladium- 
on-charcoal, compounds 15 and 16 were transformed 
into the desired 2-hydroxyestriol 16 and 17-glu- 
curonides (19, 26) through 17 and 18 in satisfactory 
yields. 

The conjugated position and cotiguration of the 
glucuronoside linkage in 15 and 16 were established on 
the basis of *H-NMR spectral data. The 17cr-proton 
and 16@proton signals in 15 appeared at 3.67 ppm as a 
doublet and 3.92 ppm as a multiplet, respectively, 
while those in 16 appeared at 3.35 ppm as a doublet 
and 4.25 ppm as a multiplet. These data permitted us 
to assign the structures 16cu- and 17/3glucuronide ace- 
tate-methyl esters to 15 and 16, respectively.13 The 
anomeric protons of these conjugates appeared at ap- 
proximately 4.6 ppm as a doublet (J = 7 to 8 Hz), in- 
dicating the formation of the #?-glucuronoside linkage. 

The preparation of ring D monosulfates from 14 was 
also performed. In a previous report, we described the 
synthesis of 4hydroxyestriol 16 and 17-sulfates by 
dicyclohexylcarbodiimide-mediated sulfation. I3 In the 
present case, however, the similar reaction with 14 
mainly produced the lbsulfate, together with a small 
amount of the 17-sulfate. On time-controlled sulfation 
with sulfur trioxide-pyridine complex in pyridine, 14 
was converted into a mixture of 16 and 17-monosulfa- 
tes and 16,17disulfate (21,X& 23) in a ratio of 10 : 1: 5. 
These three were separated by preparative TLC and 
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HPLC (EL-Bondasphere CN). Compounds 21 and 22 
were then transformed into the desired 2-hydroxy- 
estriol 16-sulfate and 17-sulfate (24, 25) by hydroge- 
nolysis over palladium on charcoal. These products 
underwent enzymatic hydrolysis to provide 2-hy- 
droxyestriol. To elucidate the sulfated positions in 21 
and 22, their ‘H-NMR spectral data were inspected. 
The 17~ and 16fi-protons appeared at 3.76 ppm as a 
doublet and 4.38 ppm as a multiplet in 21, while those 
at 3.78 ppm appeared as a doublet and those at 4.69 
ppm appeared as a multiplet in 22. These data permit- 
ted us to assign the structures 16- and 17-sulfates to 24 
and 25, respectively.r3 

The ready availability of these authentic specimens 
will serve for the characterization and determination 
of catechol estrogen conjugates in biologic fluids. Fur- 
ther studies of the metabolism of 2-hydroxyestriol in 
living animals are being conducted in these laborato- 
ries, and the details will be reported elsewhere. 
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Notes 

The following trivial names are used in this report: 2- 
hydroxyestriol = 1,3,5(10)-estratriene-2,3,16q17@te- 
traol; glucuronide = P-D-ghrcopyranosiduronic acid. 

This paper constitutes Part CCXLVIII of “Studies 
on Steroids” by T. Nambara. Part CCXLVII: J. Goto, 
Y. Saisho, T. Nambara (1989). Anal Sci 5399-402. 
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