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Thallium(1) salts of estrone and 17p-estradiol were prepared in high yields by the reaction of estrone 
or 17p-estradiol with thallium(1) ethoxide. Both conlpounds were found to be reactive intermediates for 
alkylation and acylation of the steroid. The preparation and characterization of 17-oxoestra-1,3,5(10)- 
trien-3-yl 2'-acetanlido-2'-deoxy-p-D-glucopyranoside by reaction of the thallium(1) salt of estrone 
with 2-trifl~1oroacetan~ido-3,4,6-tri-0-acetyl-2-deoxy--~-glucopyranosy bromide is described. 

Les sels de thalli~~ni(I) de I'estrone et de I'estradiol-17p ont CtC prepares avec de bons rendements par 
rCaction de I'estrone OLI de I'estradiol-17p avec I'Ctliylate de thallium(1). On a trouve que les deux com- 
poses sont des intermediaires reactifs pour I'alkylation et I'acylation du steroide. On dCcrit la preparation 
et la caracterisation de I'acetamido-2' dCox)-2' O-D-glucopyranoside de 1'0x0-17 estratriene-1,3,5(10)yle 
par reaction du sel de thalliuni(1) de I'estrone avec le broniure du trifluoroacetamido-2 tri-0-acityl-3,4,6 
deoxy-2 13-D-glucopyranosyle. [Traduit par le journal] 

Can. J .  Chem., 51,3855 (1973) 
1 

I Since the initial recognition (1) that steroid this purpose, and fi~rthermore, in our hands, the ' glucuronides were present in human and animal yields obtained by Bernstein's procedure (5, 6) 
excreta, many syntheses of these compounds have were highly variable, being extrenlely dependent 
been reported (2). In the past 10 years evidence on the source, purity, and crystalline state of the 
has acc~~mulated that steroid glucuronides may cadmium carbonate used. We therefore explored 
be important in determining the transport as well the use of thallium(1) salts of the phenolic ste- 
as the rate and route of excretion of hormo~aily roid estrogens as intermediates in glycoside syn- 
active steroids (2). In addition, glucosides, galac- thesis, using the procedures which have been 
tosides, and N-acetylgl~~cosaminides of the estro- described by Taylor, McKillop, and their co- 
gens have been found in tissues of the human and workers (8, 9) for the preparation of derivatives 
other animals (3, 4). These findings have focused 
attention on the physiological importance of 
steroid glycosides and on improved methods for 
their preparation. These latter have almost ex- 
clusively been concerned with increasing the 
yields obtained in the standard Koenigs-Knorr 
synthesis, and Bernstein and his collaborators 
(5, 6) have achieved yields of up to 70% of extro- 
gen glucuronides and N-acetylglucosaniinides by 
the use of cadmium carbonate as a catalyst in 

of several other classes of co~npounds. 
The thallium(]) salts of estrone and the 3- 

n~onothalliuni(1) salt of 17P-estradiol were pre- 
pared in practically quantitative yields by the re- 
action of the respective steroids with thalliunl(1) 
ethoxide. In initial experiments to explore the 
reactivity of these salts, it was found that their 
reaction with acyl or alkyl halides led to the 
facile formation of the corresponding acyl or 
alkyl derivatives of the steroids. The 3-acetates 

this reaction. and 3-benzoates of both estrone and 17bestra- 
We have been interested in the development diol, as well as the 3-methyl and 3-benzyl ethers 

of syntheses which might be adaptable to the of these steroids, were obtained in yields of the 
preparation, for use in physiological studies, of order of 90%. The convenience and effectiveness 
glycosides of radioactive steroids of high specific of the procedure might well make it preferable 
activity. Both the Koenigs-Knorr and the mod- in some instances to the usual methods of pre- 
ified Helferich synthesis (7) are cumbersome for paring these steroid derivatives, in similar yields, 

by the use of the appropriate anhydride or 
'Supported by grant MA-3287 from the Medical halide in pyridine (ref. 10 P. 30 and ref. 11). 

Research Council of Canada. The thallium(1) salt of estrone 1 was converted 
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into various glycosides in several solvent systems. 
The reaction gave low yields when chlorinated 
solvents (chloroform, dichloromethane) were 
used. High yields, which were reproducible, were 
obtained in benzene. Only a limited number of 
relatively easily available sugar derivatives were 
investigated in the present work. The reaction of 
the thallium(]) salt of estrone 1 with 2,3,4,6- 
tetra-0-acetyl-or-D-glucopyranosyl bromide pro- 
duced only a 16% yield of the glycoside 6,  while 
the analogous reaction with 2,3,4,6-tetra-0- 
acetyl-or-D-galactopyranosyl bromide failed, as 
did the reaction with methyl 2,3,4-tri-0-acetyl-1- 
bromo-1-deoxy-or-D-glucopyranuronate. How- 
ever, when the highly reactive Ztrifluoracet- 
amido-3,4,6-tri-0-acetyl-2-deoxy-ED-glucopy- 
ranosyl bromide (12) was used (12), the reaction 
proceeded rapidly at room temperature and 
yielded 86% of pure 17-oxoestra- 1,3,5(10)-trien- 
3-yl 2'-trifluoroacetamido-3,4.6-tri-0-acetyl-2-de- 
oxy-P-D-glucopyranoside (7). Removal of acetyl 
groups from this product yielded the free amine 
8 in crude form which was then either submitted 
to selective N-acetylation (13) by acetic anhydride 
in ethanolic solution or was fully acetylated with 
acetic anhydride in pyridine. The glycoside 9 
obtained by the latter procedure was de-0- 
acetylated by treatment overnight at 0' with dry 
ammonia in chlorofornl-methanol (14). The 
17-oxoestra- 1,3,5(10)-trien-3-yl 2'-acetamido-2'- 
deoxy-P-D-glucopyranoside (10) obtained was 
compared with that synthesized by a conven- 
tional Koenigs-Knorr synthesis from estrone 
and 2-acetamido-3,4,6-tri-0-acetyl-or-D-glucopy- 
ranosyl chloride in acetone in the presence of 
1 M NaOH and cadmium chloride. The two 
compounds had identical i.r. spectra and there 
was no depression of the melting point on 
mixing of the two. 

The fact that, in a 30 min reaction time at 
room temperature with the thallium(1) salt of 
estrone an 86% yield of glycoside was obtained, 
whereas the less reactive sodium salt of estrone 
gave a much lower yield of 26% under the same 
conditions, indicates that 2-trifluoroacetamido- 
3,4,6-tri-0-acetyl-2-deoxy-or-D-glucopyranosyl 
bromide (12) is a very reactive glycosylating 
agent for the phenolic hydroxyl group of the 
steroid. The trifluoracetyl group can be easily 
introduced or removed under mild conditions, 
and it has therefore often been used (12, 15, 16) 
in nucleoside and glycoside syntheses involving 

2-deoxy-2-amino sugars. The use of the tri- 
fluoracetyl as a non-participating group to avoid 
the formation of an oxazoline ring has been des- 
cribed by Strachan et a[. (17) and discussed by 
Meyer zu Reckendorf el a[. (1 8) .  

The p-D-anomeric linkage of the steroid glyco- 
sides synthesized in this work was established 
by the application of Klyne's rule (19). 

The formation, by way of the thallium(1) 
salts, of ethers, esters, and glycosides of the 
phenolic hydroxyl group of the estrogens pro- 
ceeds rapidly at room temperature under neutral 
conditions. The easy removal by filtration of 
precipitated thallium([) halide makes the work- 
up simple and convenient as compared to 
previously reported methods (ref. 10 p. 204 and 
refs. 11 and 24). 

Experimental 
The following procedures were used unless otherwise 

stated. Melting points were determined on a Thomas- 
Hoover Capillary melting point apparatus and i.r, spectra 
o n  a Unicam SP2OO spectrometer i n  chloroform solution 
o r  Nujol. Nuclear magnetic resonance spectra were deter- 
mined o n  a Varian HA-100 or  a Varian T-60 spectrom- 
eter in deuterochlorofor~n o r  in dimethylsulfoxide solu- 
tion, with tetraniethylsilane as internal standard. Specific 
rotations were measured on a Perkin-Elmer 141 polarim- 
eter in chloroform o r  methanol. T.1.c. was carried o u t  
o n  plates of Silica gel H and column chromatography o n  
Silica gel 60 (70-230 mesh, ASTM). Both adsorbents 
were obtained from Merck, Darmstadt. 

T/rallirtm(I) Salt  of Estrorre I 
(i) Metlrod rtsing Betrzerze-ethnrrol a s  Soluerrt 
Thallium(1) ethoxide (20) (250 mg)  was added slowly 

with stirring to a suspension of 267 mg of estrone in a 
mixture of 4 ml of benzene and 2.5 ml of ethanol. Within 
a few minutes estrone was dissolved and  another white 
crystalline precipitate appeared. T h e  reaction mixture 
was left overnight a t  4" and was then filtered t o  yield 
426 m g  (91%) of 1. 

(ii) Methorl using Etlrntrol ns Solvent 
Thallium(1) ethoxide (270 mg) w a s  added with st i rr ing 

t o  a solution of 270 m g  of estrone in  hot ethanol. A white 
crystalline product was separated b y  filtration. A further  
150 mg of thallium(1) ethoxide in ethanol  was added t o  
the mother liquor and  the crystalline product was again 
removed by filtration. The total yield was 368 mg (78%) 
of the thallium(1) salt of estrone 1, m.p. 188-195" (dec.). 

Anal. Calcd. for  C18H2102T1.2H,0: C, 42.41 ; H ,  4.15. 
Found:  C, 42.65; H ,  4.40. 

3-Monothallium(I) Sa l t  of 17e-Estradiol I' 
Thallium(1) ethoxide 925 nig was added to a suspension 

of  1 g of 17e-estradiol in a mixture of 15 ml of benzene 
a n d  10 nil of ethanol. The mixture was stirred a t  r o o m  
temperature overnight and was then  evaporated under 
vacuum to one quarter  of its original volunie. O n  t h e  
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6 R =H3COC0 

OCOCH, 

N HCOC F, 
I 

OCOCH, 

I 

NHCOCH, NHCOCF, 

10 R = HO w 
NHCOCH, 
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addition of 10 nil of ether a white crystalline solid was 
separated by filtration. A yield of 1.734 g (98%) of 1' was 
obtained: n1.p. (dec.) 180-200'; [ T ] , ~ ~  + 27.4" (c, 1.66 in 
pyridine). Analysis: drying under elevated teniperat~~re to 
remove solvent resi~lted in decomposition, precli~ding 
valid elemental analysis. 

3-Acetos~~e.s/1~~1-1,3,5(10) -1rie11-17-otle (2)  mlrl 
3-Ber~zoylos)~est,a-1,3,5 (10) -1ric.11-17-orre ( 3 ) .  
3-Acelosy-I7P-lryrlroxyes/rn-I,3,5(10)-trierre (2 ' )  
arlrl3-Betrzoj~1o.u~~- 17P-lryrlros)~estr.a-1,3,5 (10) - 
Irierle (3 ' )  

The thalliuni(1) salt of the steroid was suspended in 
benzene and a slight excess of acetylchloride or of benzoyl 
chloride in benzene solution was added slowly with 
stirring. The reaction vessel was kept in cold water during 
the addition. The inorganic precipitate was filtered off, 
washed with benzene, and the washings were added to the 
filtrate which was washed with a IOZ (wlv) aqueous solu- 
tion of sodium carbonate and then with 5% hydrochloric 
acid and with water. The organic layer was dried over 
sodiuni sillfate and concentrated. The following esters 
were obtained in crystalline form (>90%) by this pro- 
cedure: 2, m . ~ .  124" (lit. (21) 125"); 3, m.p. 216" (lit. (21) 
n1.p. 218"); 2', n1.p. 134-136' (lit. (22) 136-138"); 3', m.p. 
193" (methanol-water) (lit. (23) 192-1 93") (methanol- 
water). The i.r. spectra of chloroform solutions were in 
accord with these str~~ctures.  

3-Metlrosyestrn-I,3,5( IO)-trietr-l7-otrc, ( 4 )  mrrl 
3-Ber1zylosyestr~-l,3,5 (10)-/riett-l7-or1e ( 5 ) .  
3-Mc~/ l1oxy- l7~- l ryr l rosyestml ,3,5 (10) -trierre ( 4 ' )  
ntrrl3-Berizylosy- 17~-lryrlr~os~~c~st,'a-l,3,5 (10) - 
trietrr ( 5 ' )  

The 3-monothalliun~(l) salt of steroid (100 nig) was 
dissolved in 2 ml of diniethylsulfoxide and a slight excess 
of methyl iodide or benzyl bromide was added. After 10 
min 5 mI of chloroform and a sniall amount of Celite 
were added. The inorganic precipitate was filtered off and 
washed with chlorofornl. The filtrate and washings were 
combined and concentrated by evaporation, aqueous 
methanol was added, and the crystalline precipitate was 
separated by filtration and recrystallized from methanol- 
water. The following ethers were obtained: 4 (92%), n1.p. 
165" (lit. (24) m.p. 161-162"); 5 (80%), n1.p. 134" (lit. (21) 
m.p. 136"); 4' (9473, 1ii.p. 96-98' (fuse), 118-120" 
(melting) (lit. (23) n1.p. 97-98?; 5' (9473, m.p. 83" (lit. 
(23) m.p. 82-84"). Infrared spectra in chloroforni were in 
accord with these structures. 

Etherifications in Dittret/gvlfor~?ia~?iid~~ 
The tha l l i~~n~( I )  salt of estrone (100-1 10 mg) was dis- 

solved in dimethylformamide and a slight excess of methyl 
iodide or of benzyl bromide was added. The reaction 
mixture was heated with stirring at  70" for 3 h in the 
methylation reaction and at 55" for 4 h in the benzylation 
reaction. The inorganic precipitate was removed by 
filtration through a pad of Celite and was washed with 
chloroform. The washings were added to  the filtrate, 
which was concentrated by evaporation. Crystalline 
products 4 and 5 were obtained in the yields over 90%. 

17-Oxoestra-1,3,5 ( IO)  -trien-3-yl 
2',3',4',6'-Tetra-0-acetyI-~-~-g/~rcopyrunoside ( 6 )  

2,3,4,6-Tetra-0-acetyl-a-D-glucopyranosy bromide 

(11) (41 1 mg) was added in two portions to a s~~spension 
of 470 nig of the tha l l i~~~i i ( I )  salt of estrone 1 in 10 nil of 
benzene. The reaction niixtilre was stirred at room tem- 
perature for 3 days. The inorganic precipitate was re- 
moved by filtration. After evaporation and separation of 
a sniall amount of unreacted steroid, 97 mg of glycoside 
6 was obtained (16%), n1.p. 139-141" (lit. (5, 7) m.p. 
140-142"). 

17-Oxoestra-1,3,5 ( 10) -tric.~1-.?-yl2-Trifioroacetn111i~lo- 
3',4',6'-tri-O-acetyl-2-deosy-~-~-gI11cop)~rn11oside (7) 

( i )  Frotrr /he Tlralli~rr~r ( I )  Scrll of Estrorre 
The thalli~lm(1) salt of estrone (650 ~iig) was added in 

sniall portions to  a solution of 634 mg of 2-trifluoro- 
acetaniido-3,4,6-tri-O-acetyl-2-deoxy-a-~-g~~1copyranosyl 
bromide (12) in 10 ml of dry benzene. The reaction niix- 
ture was stirred at  room temperature for 30 min. The in- 
organic product was removed by filtration through a 
Celite pad and washed with benzene. The filtrate and 
washings were combined and washed with a small amount 
of water, dried over s o d i ~ ~ m  sulfate, and evaporated to  
dryness. On crystallization from dichloroniethane-ether- 
hexane 865 nlg of crude material yielded 765 nig (86%) of 
7 :  n1.p. 203-205"; [c(ID2' +51° (c, 0.5 in chloroform). 
These constants remained unchanged on further crystalli- 
zation. Infrared (chlorofornl) v,,,,, 1720-1745, 1545, 1510, 
1200-1250, and 1180cm-'; n.m.r. (Varian HA-100, 
CDCI3) 7.22 (H-1 and N-H; 2 protons, spacing 20 Hz), 
6.75 (H-2, -4; 2 protons, m, 12 Hz), broad signal from 
5.4 to 5.02 (H-l', -3', -4', 3 protons), 4.2 (Hs-6'and H-2'; 
3 protons; m, spacing 16 Hz), 2.06, 2.0 and 1.99 (3 ac- 
etates, 9 protons, 3 singlets) and 0.846 (C-18 methyl 
g ro i~p ;  3 protons, singlet). 

Anal. Calcd. for C32H3sF3NOlo: C ,  58.80; H, 5.86; 
N, 2.14. F O L I I I ~ :  C ,  58.57; H, 6.03; N, 2.08. 

( i i )  Frorn the Sorlirrr~l Salt of Estrorre 
To  a solution of 296 mg of the sodium salt of estrone 

(prepared from sodium methoxide and estrone in nieth- 
anol) in benzene 471 mg of bromide 12 was added in three 
portions. The reaction mixture was stirred at room tem- 
perature for 3 days and the inorganic material was then 
removed by filtration. The filtrate and washings were 
washed with a small amount of water, dried over sodium 
sulfate, and evaporated to dryness. During the evapora- 
tion 88 mg of unreacted steroid was separated. The resi- 
due was chromatographed on a column containing 10  
times its weight of silica gel. Benzene eluates gave 172.6 
mg (26%) of crystalline 7 (m.p. 200-203"). Further eluates 
contained a mixture of unreacted steroid and of a partly 
decomposed sugar component a n d  were not further 
investigated. 

17-Oxoestra-1-3-5 (10) -tr.ien-3-yl 
2'-At71it1o-2'-deoxy-~-~-g/~copy1'a11oside ( 8 )  

A solution of 200 mg of glycoside 7 in 15 ml of chloro- 
form and 30 ml of methanol was saturated with dry am- 
monia at 0" and allowed to  stand at  room temperature 
for 7 days. The solution was evaporated under reduced 
pressure to an oily residue. Water was added and the  
product was isolated by extraction into chloroform - iso- 
propyl alcohol (3 :2). Evaporation gave 100 mg (76%) o f  
amorphous material 8 :  [aIDz4 +59" (c, 0.2 in methanol); 
i.r. v,,, 3500-2800, 1720, and 1497 cm-'. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
N

ew
 H

am
ps

hi
re

 o
n 

11
/0

9/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



PAQUET AND LAYNE: STEROID GLYCOSIDE SYNTHESIS 3859 

17-0xoestra-1,3,5(IO)-trien-3-yl2'-Aceta1~1ido-3',4',6'- 2. S. BERNSTEIN, I. P. DUSZA, and I. P. JOSEPH. 
tri-0-acetyl-2'-deoxy-13-D-glucopyranoside (9) III Chemical and biological aspects of steroid 

Compound 7 (100 mg) was converted into 17-oxoestra- conjugation. Edited by S. Bernstein and S. Solo- 
1,3,5(1O)-trien-3-yl 2'-amino-3'4'6'-trihydroxy-2'-deoxy- mon. Academic Press Inc., New York. 1970. 
13-D-glucopyranoside (8) by means of ammonia as des- p. 1. 
cribed above, and the crude product was dissolved in 3. D. S. LAYNE. 112 Metabolic conjugation and 
pyridine and acetylated by the addition of 3 ml of acetic metabolic hydrolysis. Edited by W. H.  Fishman. 
anhydride. The reaction mixture was allowed to stand Academic Press Inc., New York. 1970. p. 21. 
overnight at room temperature. After work-up 88 mg of 4. D.  G. WILLIAMSON, D. C. COLLINS, and D. S. 
0,N-acetate 9 was obtained (96%). The product was LAYNE. J. Biol. Chem. 247, 3286 (1972). 
chromatographed on a column containing 50 times its 5. R. B. CONROW and S. BERNSTEIN. I. Org. Chem. 
weight of silica gel. Chloroform eluates contained 80 mg 36, 863 (1971). 
(87%) of 9 as a white amorphous solid: [aIDz4 +70° (c, 6. J. P. JOSEPH, J. P. DUSZA, and S. BERNSTEIN. 
0.129 in chloroform) [MI, +419", [MI, calcd. +351° for Biochemistry, 10, 294 1 (1971 ). 
D-D-glycosidic linkage ([MID of methyl 3,4,6-tri-O-acet~l- 7. A. POLAKOVA-PAQUET and D. S. LAYNE. Steroids, 
N-acetyl-glucosaminide - 75.8", [MID of estrone +427"); 18, 4, 477 (1971). 
i.r. v,,, 1720-1760, 1545-1510, 1200-1250, 1180 cm- ' ;  8. E. C. TAYLOR, Y. MAKI, and A. MCKILLOP. 
n.m.r. (Varian HA-100) 7.1 (1 proton; d ;  J,,, = 8 Hz), J. Org. Chem. 34, 1170 (1969). 
6.8 (H-2, -4; 2 protons, m, spacing 10 Hz), 5.7 (N-H; 9. E. C. TAYLOR and G. W. MCLAY. J. Am. Chem. 
1 proton; d, J = 9 Hz), broad signal from 5.53 to 5.02 SOC. 90, 2422 (1968). 
(H-1', -3', -4'; 3 ~rotons) ,  4.2 (H-2', Hs-6'; 3 protons; m, 10. C. J. W, BROOKS. III Rodd's Chemistry of car- 
spacing 13 Hz), 3.89 (H-5', 1 proton; m over 14 Hz), bon compounds. Vol. IID. Elsevier, Amsterdam. 
2.86 (H-6; 2 protons, m, spacing 12 Hz), 2.06, 2.03, 2.01 1970. 
(3 acetates, 9 protons, 3 singlets), 1.93 (N-acetate; 3 pro- 11. H. J.  E. LOEWENTHAL. Tetrahedron, 6, 269 
tons; singlet), and 0.89 6 (C-18 methyl; 3 protons; singlet). (1959). 
17-Oxoestra-1,3,5 (10) -trien-3-yl 

2'-Acetamido-2'-deoxy-(3-~-gl~1copyranoside (10) 
(i) By Selective Acetylation of the Free Atnine 8 
A solution of 90 mg of 8 in 2 ml of absolute ethanol 

was treated with 0.02 ml of acetic anhydride. After 2 h at 
room temperature the solvents were removed under 
vacuum, the residue was dissolved in a 5% (v/v) solution 
of ethanol in benzene, and filtered through twice its weight 
of silica gel. The crude product was crystallized from 
aqueous methanol to yield 45 mg (45%) of 10: m.p. 225" 
(softening), 228-230"; [aIDz5 + 130" (c, 0.1 in methanol); 
i.r. (Nujol) v,,, 3500-2800, 1728, 1680, 1510 cm-'. 

Anal. Calcd. for C26H35NOI 1% CH30H:  C, 63.32; 
H, 7.92; N, 2.68. Found: C, 63.05; H, 7.63; N, 2.82. 

(ii) By Selective De-0-acetylatiotl of the F111ly 
Acetylated Glycoside 9 

A solution of 60 mg of 17-oxoestra-1,3,5(10)-trien-3-yl 
2'-acetamidoacetyl-2'-deoxy-D-D-glucopyranoside (9) in 
3 ml of chloroform and 10 ml of methanol was saturated 
with dry ammonia a t  0" and allowed to stand at 0' over- 
night. The product was extracted into chloroform - iso- 
propyl alcohol (3 :2). After the addition of water to the 
reaction mixture 43 mg of crude material was obtained. 
Crystallization from ethanol-water yielded 40 mg (85%) 
of 10. 

1. S. L. COHEN and G. F. MARRIAN. Biochem. J. 
30, 57 (1936). 

M. L.'WOLFROM and P. I .  CONIGLIARO. Carbo- 
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