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chloride, 625-36-5; 4-bromobutyronitrile, 5332-06-9; bromo- 
acetonitrile, 590-17-0; ethyl 4-bromobutyrate, 2969-81-5; anisole, 
100-66-3; succinic anhydride, 108-30-5; 4-methoxypropylphenone, 
4160-51-4; a-(4-methoxy)-a-(dimethylamino)acetonitrile, 15190- 
053; 7-bromoheptanenitrile, 20965-27-9; dimethylthiocarbamoyl 

chloride, 16420-13-6; a-(dimethylamino)-a-(3-methoxyphenyl)- 
acetonitrile, 15189-99-8; 1,3-dimethoxybenzene, 151-10-0; glutaric 
anhydride, 108-55-4; B-methoxy-l,2,3,44etrahydronaphthalen- 
1-(W)-one, 107819-9 phenol, 108-95-2; ethyl Chydmxybenzoate, 
120-47-8; leukotriene D,, 73836-78-9. 
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The preparation of the mono-, bis-, and trisdigitoxosides of 14-hydroxy-5j3,14j3-pregnan-20-one and 14,208-di- 
hydroxy-58,148-pregnane by two routes, based on the conversion of the a,B-unsaturated y-lactone in digitoxin to 
the 20-ketone and 2O~-dcohol by ozonolysis and zinc-acetic acid treatment followed by lithium tri-tert-butoxyalu" 
hydride reduction, are described. Synthesis of the a-L-rhamnoside derivatives is described also. Structures were 
confi ied by 'H and '8c NMR spectra. These derivatives show strong interaction with the cardiac glycoside receptor 
of heart muscle in an [3H]ouabain radioligand binding assay. Structure-activity relationships which are reported 
for glycosides and genins show that the a-L-rhamnoside derivatives are more potent than the j3-D-digitoxoside or 
the j3-D-glucoside and that the fl-D-glucosides are more potent than the mono-, bis-, and trisdigitoxosides. Potency 
is not increased by the addition of the second and third digitoxose units. 

Certain pregnanes bind to the cardiac glycoside recog- 
nition site on Na+,K+-ATPase and inhibit the enzyme (the 
sodium pump) in membranes, cells, and tissues.' The 
most potent derivatives identified, thus far, are pregnane 
C-3 glycosides that are cardiotonic and exert certain po- 
tentially useful effects on heart and kidney not shared by 
the digitalis drugs.' We now report on the contribution 
of some C-3 substituted sugars to binding potency of the 
pregnanes. 

We have shown that the 3/3-fl-~-glucoside and 3B-w~- 
rhamnoside of 14,20P-dihydroxy-5/3,14/3-pregnane bind 
with high affinity to the cardiac glycoside receptor in dog 
heart muscle as determined in a [3H]ouabain binding as- 
say.' The mono-, bis-, and trisdigitoxosides of 14/3- 
hydroxypregnane were synthesized and tested on receptor 
binding to compare the effect of the number of sugar units 
and to compare the monodigitoxoside with the corre- 
sponding fl-D-glucoside and a-L-rhamnoside. 
Chemistry 

Synthesis of these compounds was carried out by means 
of our recently demonstrated method2 for conversion of 
the a,@-unsaturated y-lactone in the cardiac glymidea into 
the acetyl group using ozone and excess zinc-acetic acid 
(Scheme I). Degradation of the sugars to the mono and 
bis derivatives was achieved by the method of Satoh et al.9 
except lithium tri- tert-butoxyaluminum hydride (LTBA) 
was substituted for sodium borohydride in the dialdehyde 
reduction. Two synthetic routes to mono- and bisdigit- 
oxosides 9 and 6 were carried out. First, ozonolysis of 
digitoxin (1) followed by reduction with zinc-acetic acid 
gave 21-methyl ketone 2 which was reduced with LTBA 
to give 20/3-alcohol3. The terminal digitoxose was removed 
by sodium periodate oxidation, LTBA reduction, and mild 
acid hydrolysis to give bisdigitoxoside 6; the second digi- 
toxose unit was removed in a similar manner to give 
monodigitoxoside 9. Second, digitoxin (1) was converted 
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to bis- and monodigitoxosides 4 and 7 and these were then 
treated with ozone and zinc-acetic acid to give the corre- 
sponding 21-methyl ketones 5 and 8. LTBA reduction of 
5 and 8 also gave 20/3-alcohols 6 and 9, respectively. 

The preparation of pregnane glycosides 11,14, and 15 
was carried out in a similar manner (Scheme 11). The 
fl-D-glucoside (10) and the a-L-rhamnoside (13) of digi- 
toxigenin (16) were treated with ozone followed by excess 
zinc-acetic acid to yield 21-methyl ketone derivatives 11 
and 14; reduction of 14 with LTBA gave 20@-alcohol 15. 

Alternatively 14 and 15 were prepared by treatment of 
3/3-alcohol23, prepared by hydrolysis of 3-acetate 22, with 
bromorhamnose triacetate and Fetizons reagent to give the 
triacetyl rhamnoside, which on removal of the tert-bu- 
tyldimethylsilyl protecting group with fluoride ion followed 
by hydrolysis gave 206-alcohol 15, or after neutral oxida- 
tion followed by mild hydrolysis gave 20-ketone 14. 

Structures were established by their 'H and lSC NMR 
spectra (see Tables I and 11) which are consistent with 
published data.'m6 
Results and Discussion 

Receptor binding affinity of digitoxigenin possessing 
three digitoxose units [Le. digitoxin (l)] is not altered 
significantly by the progressive removal of the sugars since 
potency of bis- and monodigitoxosides 1 and 7 is un- 
changed and similar to that of /3+glucoside 10 (Table III). 
However, a-L-rhamnoside 13 binds more strongly than 
monodigitoxoside 7. A similar comparison of 140- 
hydroxypregnan-20-one derivatives 2, 5, 8, 11, and 14, 
which may be viewed as a truncated lactones, shows a large 
decrease in binding. The increase in binding for 8-D- 

(1) Templeton, J. F.; Kumar, V. P. S.; Bose, D.; LaBella, F. S. J. 
Med. Chem. 1989,32, 1977 and references cited therein. 

(2) Templeton, J. F.; Ling, Y.; Jin, J.; Boehmer, M. A,; Zeglam, T. 
H.; LaBella, F. S. J. Chem. SOC. Perkin Trum. 1 1991, 823. 

(3) Satoh, D.; Aoyama, K. Chem. Pharm. Bull. 1970,18,94. 
(4) Habermehl, G. G.; Hamman, P. E.; Wray, V. Magn. Reson. 

Chem. 1986,23,959. 
(5) Drakenberg, T.; Brodelius, P.; McIntyre, D. D.; Vogel, H. J. 

Can. J. Chem. 1990,68, 272. 
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Ohagents and conditions: i, Os/MeOH/-70 OC; ii, Zn/HOAc/20 h; iii, LTBA/THF; iv, NdOs/96% EtOH; v, 0.0065 M HCl/MeOH. 

Table I. ‘H Chemical Shifts (J in Hz)O 
2 3 6 6 8 9 11 14 16 

10-Me 0.95, s 0.95, s 
13-Me 0.96,s 1.16, s 
20-Me 2.26, s 1.25, mb 
3-H 4.04, mb 4.04, mc 

(4.3, 9.4) 
20-H 3.82, md 
1’ 4.91, m 4.91, m 

17-H 2.95, dd 

0.95, s 0.95, s 
0.96,s 1.16, s 
2.26, s 1.25, mb 
4.04, mb 4.04, mc 
2.95, dd 

3.80, md 
4.91, m 4.91, m 

(4.2, 9.4) 

1” 4.91, m 4.91, m 4.91, m 4.91, m 
1”’ 4.91, m 4.91, m 

0.95, s 
0.96,s 
2.27, s 
4.04, mb 
2.96, dd 

4.91, dd 

(4.1, 9.3) 

(1.6, 9.4) 

0.95, s 0.96,s 
1.16, s 0.96,s 
1.26, d (6.5) 2.26, s 
4.04, mb 4.07, m 

2.96, dd 

3.76, me 
4.91, dd 4.33, d (7.7) 

(4.2, 9.3) 

(1.8, 9.6) 

0.95, 8 0.96, s 
0.97, s 1.17, s 
2.27, 8 1.24, d (6.6) 
3.95, m 3.91, m 
2.96, dd 

(4.1, 9.3) 
3.79, m 
4.80, d (1.2) 4.80, d (1.5) 

3.82, dd 3.82, dd 
(1.7. 3.3) (1.6. 3.3) . .  . . .  . 

2’ 3.20-3.30, mb 
3’ 4.25, m 4.25, me 4.26, mb 4.26, m 4.04, mb 4.01, mb 3.36-3.44, mc 3.64-3.76, m 3.64-3.76, m 
3” 4.26, m 4.25, m 4.04, mb 4.04, mc 
3”’ 4.04, mb 4.04, me 
4‘ 3.21, m 3.21, m 3.19, dd 

4’‘ 3.21, m 3.21, m 3.24, dd 

4”‘ 3.21, m 3.21, m 
5’ 3.02, m 3.82, md 3.80, mc 
5” 3.82, m 3.82, md 3.80, me 
5”’ 3.82, m 3.82, md 
6’ 3.82, m 1.25, mb 1.27, d (6.2) 

(3.1, 9.6) 

(2.9, 9.4) 

3.19, dd 3.21, dd 3.20, dd 3.36-3.44, me 3.40, t (9.5) 3.39, t (9.6) 

3.24, dd 

3.80, md 3.74, m 3.76, me 3.2b3.30, mb 3.64-3.76, m 3.64-3.76, m 
3.80, md 

1.25, mb 1.26, d (6.3) 1.26, d (6.5) 3.71, d, 3.86, d, 1.27, d (6.2) 1.27, d (6.2) 

(3.1, 9.6) (3.1, 9.5) (3.1, 9.5) 

(2.9, 9.4) 

(AB 11.9, Ax 
2.6, BX 5.2) 

6” 1.25. mb 1.25. mb 1.23. d (6.3) 1.25. mb . . .  
6”’ 1.25; mb 1.25; mb 
a For solutions in CDC18/CDBOD(1:1) (Me,Si internal standard). b*dOverlap within a column. 

glucoside 11 and a-L-rhamnoside 14 is somewhat greater 
than for digitoxoeides 2,5, and 8. Again a-L-rhamnoside 
14 binds most strongly. Reduction of the 20-ketone to the 

20/3-alcohol (3,6,9, 12, and 15) increases binding affinity 
by a factor of 2 although binding is still much less than 
for the a,&unsaturated y-lactone. Again a-L-rhamnoside 
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Table 11. '9c Chemical Shifts" 
carhnn nn. 2 3 S 6 8 9 11 14 16 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1' 
1" 
1"' 
2/ 
2" 
2/" 
3' 
3" 
3"' 
4' 
4" 
4,l' 
5' 
5" 
5"' 
6' 
6" 
6"' 

30.34b 
27.13' 
73.61 
30.76b 
37.03 
27-02' 
21.32 
40.59 
35.86 
35.20 
22.06 
39.75 

86.20 
34.29 
25.39 
63.00 
15.55 
24.03 

219.43 
33.16 
95.98 
99.44 
99.62 
37.53 
37.89 
38.61 
67.13 
67.33 
68.29 
82.89 
83.20 
73.29 
68.76 
68.90 
70.27 
18.29 
18.36 
18.41 

- 50 

30.63b 
27.32' 
73.61 
31.08b 
37.40 
26.W 
21.36 
41.20 
36.01 
36.49 
22.22 
42.31 

86.27 
32.55 
27.57' 
57.31 
16.89 
24.32 
72.13 
23.53 
96.27 
99.77 
99.95 
37.85 
38.21 
38.93 
67.46 
67.67 
68.60 
83.19 
83.49 
73.98 
69.06 
69.19 
70.56 
18.55 
18.63 
18.67 

- 50 

30.32 
27.11b 
73.60 
30.74 
37.02 
26.9gb 
21.31 
40.58 
35.85 
35.67 
22.04 
39.73 

86.19 
34.25 
25.34 
62.98 
15.50 
23.99 

219.36 
33.06 
95.94 
99.55 

37.89 
37.63 

67.28 
68.30 

83.20 
73.31 

68.76 
70.24 

18.24 
18.37 

-50 

30.31b 
26.94 
73.65 
30.75b 
37.07 
26.66' 
21.03 
40.86 
36.16 
35.69 
21.89 
41.97 

85.93 
32.23 
27.24' 
56.97 
16.58 
24.01 
71.83 
23.22 
95.94 
95.52 

37.86 
38.62 

67.26 
68.27 

83.20 
73.29 

68.74 
70.23 

18.24 
18.27 

-50 

30.36b 
27.15' 
73.58 
30.77b 
37.06 
27.02 
21.33 
40.62 
35.87 
35.70 
22.07 
39.75 

86.23 
34.28 
25.37 
63.00 
15.51 
24.02 

219.42 
33.07 
96.11 

-50 

39.02 

68.55 

73.58 

70.09 

18.27 

3O.4Ob 
27.06' 
73.70 
30.83b 
37.19 
26.64 
21.13 
40.98 
36.25 
35.76 
21.98 
42.08 

86.02 
32.29 
27.34' 
57.12 
16.61 
24.06 
71.83 
23.24 
96.14 

-50 

39.08 

68.60 

73.61 

70.12 

18.29 

30.41b 
17.10( 
74.28 
30.65b 
36.80 
27.W 
22.02 
40.62 
35.87 
35.66 
21.32 
39.73 

86.20 
34.27 
25.36 
63.00 
15.50 
23.86 

219.39 
33.03 

101.87 

- 50 

75.03 

77.29 

70.99 

76.69 

62.33 

30.22* 
2'7.16' 
72.63 
30Mb 
37.25 
27.04' 
22.05 
40.61 
35.82 
35.73 
21.34 
39.71 

86.17 
34.28 
25.36 
62.98 
15.51 
24.10 

219.40 
33.08 
98.81 

5 50 

71.95d 

72.02" 

73.46 

69.06 

17.68 

20.22b 
27.04' 
72.70 
30.9ab 
37.32 
26.66' 
21.09 
40.91 
36.14 
35.75 
21.92 
41.99 

85.93 
32.26 
27.3oC 
57.01 
16.69 
24.12 
71.81 
23.22 
98.79 

-50 

71.95d 

72.Oad 

73.45 

69.05 

17.67 

For solutions in CDC13/CD30D (1:l) (Me,Si internal standard). bJdOverlap within a column. 
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12: R I j3-D-glucceide 
15: R I a-L-rhamnoside 

Ill 111 v i i i  
16 - 10; 16 - 13:22 - 23 

aRagenta: i, 08/MeOH/CH&; ii, Zn/HOAc; iii, bromcgluume 
tstrancetate or bromorhamnoee triacetats/AgsC08; iv, Bu,NF/ 
T H F  v, PDC/CH,CI,/DMF vi, EhN/MeOH/H,O; vii, LTBA/ 
THF; viii, KOH/MrOH. 
16 is 9 times more potent than monodigitoxoside 6. A 
similar relationship with respect to the C-17 substituent 

Table 111. [3H]Ouabain Radioligand Assay Potency of 
Cardenolides and 14-H~drox~-58,14B-~re~nane8~ 

3/3-substituent 
trisdigitoxoside 
bisdigitoxoside 
monodigitoxoside 
g-Pglucoaide 
a-L-rhamnoside 
3g-hydroxyl 
3-desoxv 

(compd no.) ICw, nM 
17-y- 20g- 

lactoneb 20-ketonec alcohol' 

(1) 8 (2) 1000 (3) 650 
(4) 8 (a) 800 (6) 650 
(7) 9 (8) 1300 (9) 650 

(10) 7 (11) 500 (12) 400 
(13) 3 (14) 150 (la) 75 
(16) 20 (17) 2oooO (18) 6400 
(19) 70 (20) >200000 (21) 24000 

a ICw represents the concentration that inhibita binding of 
[SH]-ouabain by 50%. bC-17 substituent. '(2-20 substituent. 

is present in the corresponding genins (16 and 18) and the 
C-3 desoxy derivatives (N-21). 

The strong receptor binding of 3-desoxydigitoxigenin 
(19) clearly shows the importance of the lactone. In con- 
trast, in the absence of the lactone, similar binding is 
achieved on the addition of an a-L-rhamnoside (15). 
Significantly, receptor activity is retained in the absence 
of the C-3 glycoeide or the lactone. These reaulta Show that 
independent binding exists for the C-17 substituent and 
the C-3 glycoside which are to some extent additive and 
optimized, because when both the lactone and a+ 
rhamnoside are present (see 13) potency is increased by 
a factor of 25. In accordance with its binding potency 
3-desoxydigitoxigenin (19) exerta a cardiotonic action6 and 

(6) Takeda, K.; Shigei, T.; Imai, S. Experientia 1970, 16, 687. 
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inhibits Na+,K+-ATPase from guinea pig muscle.' 
Yoda et  al.8 concluded from dissociation rate constant 

measurements with Na+,K+-ATPase complexes with di- 
gitoxin (l), bis- and monodigitoxosides 4 and 7, or digi- 
toxigenin (16) that whereas the first digitoxose unit in- 
creases activity 10 times with respect to genin, the second 
and third units have little additional effect. This conclu- 
sion agrees with our findings of similar ICw values obtained 
for these digitoxosides in the receptor assay. 

One of the most significant differences between the 
pregnane digitaloids and the cardenolides is that the for- 
mer exert, in addition to inhibition of Na+,K+-ATPase, 
prominent non-Na+,K+-ATPase actions not shared by the 
latter.gJO These novel additional actions are reflected in 
the increased margin of safety of the pregnanes as reported 
by Repke and by Norwich-Eaton Pharmaceuticals (see ref 
9). In this regard, in our laboratory we have revealed a 
potassium-sparing diuresis by the digitaloid pregnanes 
which contrasts markedly with the well-recognized po- 
tassium-losing diuresis by cardenolides.1° Evidence from 
our laboratory and Repke's suggests that an intracellular 
target, both in the cardiac and other cells, mediates these 
extra-Na+,K+-ATPase actions of the pregnanes. 
Experimental Section 

NMR spectra were recorded on a Bruker AM 300 instrument. 
Reactions were monitored by TLC on silica gel (Merck type 60H) 
and plates developed in 25-75% ethyl acetate/hexane (genins) 
or 10% methanol/dichloromethane (glycosides) and visualized 
with a UV lamp where appropriate and by dipping in 8% aqueous 
sulfuric acid followed by heating. Flash chromatography was 
carried out on silica gel (Merck type 60 for column chromatog- 
raphy). Elemental analyses for carbon and hydrogen are within 
f0.3% of theoretical values. Melting points are uncorrected. 
Compounds 12, 16, and 18 were obtained as described in ref 1 
and 17, 19,20, and 21 as in ref 2. 

~ - ( T r i ~ t o x o s y l o x y ) - 1 4 - h y d r o x y - 5 B , 1 n e  
(2). Digitoxin (1) (1.0 g, 1.31 mmol) in methanol (100 mL) was 
treated with ozone at -70 "C and after evaporation of the solvent 
the residue was shaken vigorously with zinc (72 g, 1.1 mol) and 
acetic acid (300 mL) for 20 h as described previouslya to give 2 
(750 mg, 78%), mp 225-228 "C from chloroform/acetone (lit.2 
mp 233-235 "C). 
38-(Trisdigitoxosyloxy)-14J0B-dihydro.y-58,148-p~ane 

(3). A solution of 2 (500 mg, 0.690 mmol) and LTBA (2 g, 7.87 
mmol) in THF (50 mL) was allowed to stand at mom temperature 
for 1 h. Saturated NaHC03 was added and the mixture extracted 
with dichloromethane to give 3 (405 mg, 81%), mp 232-234 "C 
from chloroform/acetone; three further crystallizations gave mp 
238-241 OC. Anal. (CNHMOl2) C, H. 

Digitoxigen Bisdigitoxoside (4). Digitoxin (1) (3.0 g, 3.92 
mmol) was treated with NaIO,, LTBA, and 0.05 M HCl/MeOH 
as described by Satoh and Aoyama? except LTBA in THF was 
used instead of NaBH, to reduce the dialdehyde, to give 4 (2.1 
g, &I%), mp 228-231 OC (litas mp 228-230 "C). 

384 Bisdigitoxosy1oxy)- 14- hydroxy-SB,14B-pregnan-20-one 
(5). Treatment of 4 (500 mg, 0.788 mmol) with ozone and 
zincacetic acid as described for 1 gave 6 (230 mg, 49%), mp 
234-236 OC from acetone/hexane. Anal. (C3sHM09.0.5H20) C, 
H. 
38-(Bidgitoxosyloxy)-14~0B-dihydroxy-S8,148-pregnane 

(6). (a) From 5. Treatment of 5 (500 mg, 0.841 mmol) with 
LTBA as described for 3 gave 6 (410 mg, 82%), mp 138-141 "C 
from ethyl acetate/hexane. Anal. (CSBHsaO8.0.6Hz0) C, H. 

(7) Zurcher, W.; Web-Berg, E.; Tamm, C. Helv. Chim. Acta 1969, 
52, 2449. 

(6) Yoda, S.; Semiif, A. M.; Yoda, A. Mol. Pharmcol. 1975,11,647. 
(9) LaBella, F. 5.; Templeton, J. F.; Saehi Kumar, V. P.; Bose, D. 

Trends Pharmacol. Sci. 1989, 10, 11. 
(10) Templeton, J. F.; Sashi Kumar, V. P.; Bose, D.; Smyth, D. D.; 

Kim, R. S.; LaBella, F. S. Can. J.  Physiol. Pharmacol. 1988, 
66, 1420. 

(b) From 3. Treatment of 3 (512 mg, 0.704 mmol) by the 
method of Satoh and Aoyama3 as described for 1 gave 6 (372 mg, 
93%), mp 138-141 "C from ether/hexane. 

Digitoxigenin Monodigitoxoside (7). Treatment of 4 (1.0 
g, 1.58 "01) with the degradation method of Satoh and Aoyama* 
as described for 1 gave 7 (600 mg, 75%), mp 196-200 "C (lit? mp 

3/34 Monodigitoxosy1oxy)- 14-hydroxy-S@,l4@-pregnan-20- 
one (8). Treatment of 7 (1.0 g, 2.0 mmol) with ozone and 
zinc/acetic acid as described for 1 gave 8 (560 mg, 61%), mp 
191-193 OC from acetone/hexane. Anal. (CmHu06) C, H. 

38- (Monodigitoxos y loxy ) - 14,20B-dihydroxy-58,148-preg- 
nane (9). (a) From 8. Treatment of 8 (300 mg, 0.646 mmol) 
with LTBA as described for 3 gave 9 (240 mg, SO%), mp 124-128 
"C from methanol/hexane. Anal. (CnHls06.0.5Ha0) c ,  H. 

(b) From 6. Treatment of 6 (422 mg, 0.70 mmol) by the 
method of Satoh and Aoyama3 described for 1 gave 9 (150 mg, 
45%), mp 118-121 "C from dichloromethane/methanol. 

Digitoxigenin 8-D-Glucoside (10). Digitoxigenin (2 g, 5.34 
mmol) was treated with bromoglucose tetraacetate and Fetizons 
reagent as described by Brown et al." to give 8-D-glucoside 10 
(1.94 g, 68%), mp 241-243 OC (lit.12 mp 242-246 OC). 
3~,14-Dihydroxy-3~-(o-~-glucopyranosyloxy)-5~,14~- 

pregnan-20-one (1 1). A stream of ozone was passed through a 
solution of 10 (50 mg, 0.093 mmol) in acetone (5 mL) and di- 
chloromethane (50 d) and the residue was treated with zinc (7.5 
g, 0.12 mol) and acetic acid (5 mL) as described2 to yield B-D- 
glucoside 11 (33 mg, 77%), mp 232-235 "C from acetone/water. 
Anal. (CnHUO7) C, H. 

Digitoxigenin a-L-Rhamnoside (13). Digitoxigenin (1.43 g, 
3.82 mmol) was treated as described for 10 to give a-L-rhamnoside 
13 (1.58 g, 79%), mp 218-220 "C (lit." mp 215-217 "C). 

14-Hydroxy-38-( a-~-rhamnopyranosyloxy)-5~,14~-preg- 
nan-20-one (14). (a) From 23. To a stirred solution of the 
(triacetylrhamnosy1)oxy 208-alcohol (420 mg, 0.690 mmol) (pre- 
pared as described for 15 below) in dichloromethane (40 mL) and 
DMF (15 mL) was added pyridinium dichromate (5.0 g, 23 mmol). 
After 1 h water was added and the mixture extracted with ether. 
The organic layer was washed with water, dilute HCl, water, and 
saturated NaHCOS to give a residue one-half of which was dis- 
solved in methanol (40 mL), triethylamine (20 d), and water 
(2 mL). After 72 h at room temperature under argon, the solvents 
were evaporated, and the residue was chromatographed over silica 
gel as described for 15 to give an elution with 3-14% metha- 
nol/dichloromethane fractions (102 mg) of a-L-rhamnoside 14 (65 
mg, 14%), mp 247-250 OC from methanol/acetone/water. Anal. 

(b) From 13. Digitoxigenin a-L-rhamnoside 13 (50 mg, 0.096 
mmol) in methanol (5 mL) and dichloromethane (50 mL) was 
treated with ozone and zinc-acetic acid as described for 1. 
Chromatography gave, after washing with cyclohexane and di- 
chloromethane, on elution with 2-12% methanol/dichloro- 
methane, fractions (30 mg, 65%) which yielded 14, mp 246-250 
"C from chloroform/methanol. 

14,200-Dihydroxy-38- (a-~-rhamnopyranosyloxy)-58,148- 
pregnane (15). (a) From 23. To a stirred solution of 23 (420 
mg, 0.932 mmol) in dichloromethane (60 mL) were added Fetizons 
reagent (10 g) and, dropwise over 10 min, a solution of bromo- 
rhamnose triacetate (2.55 g, 7.22 mmol) in dichloromethane (30 
mL). After 3 h the reaction mixture was washed thoroughly with 
NaHCOS and water, dried, and evaporated. The residue in THF 
(50 mL), was treated with tetra-n-butylammonium fluoride (352 
mg, 3.9 mmol) for 16 h as described by Grey  and Venkateawarlula 
and extracted with ether to give (triacetylrhamnosy1)oxy 208- 
alcohol which was dissolved in methanol (40 mL), triethylamine 
(20 mL), and water (2 mL) and allowed to stand for 72 h under 
argon. The reaction mixture was evaporated to dryness and the 
residue dissolved in methanol and chromatographed by using the 
method of Kihara et al.la The silica gel waa washed with hexane 

(11) Brown, L.; Boutagy, T.; Thomas, R. Arzneh-Forsch. 1981,31, 

(12) Kihara, M.; Yoehioka, K.; Deffo, T.; Fullerton, D. S.; Rohrer, 

(13) Corey, E. J.; Venkateewarlu, A. J. Am. Chem. SOC. 1972,94, 

197-200 "C). 

(C2,HU07*0.5H*O) C, H. 

1069. 

D. C. Tetrahedron 1984,40, 1121. 

6190. 
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and dichloromethane to give on elution with 8-101 metha- 
nol/dichloromethane a-L-rhamnoside 15 (170 mg) recrystallized 
from methanol/water (81 me. 18%). mD 243-246 "C. Anal. 

J. Med. Chem. 1991,34, 2782-2786 

for 1 h and diluted with water, concentrated, neutralized, and 
extracted with ether to give 23 (4.0 g, 82%), mp 170-172 'C from 
dichloromethane/acetone (1it.l mp 171-173 "C). -. .. - 

(CnHuO,.0.5H;O) C, H. 
(b) From 14. Compound 14 (22 mg, 0.046) was treated with 

LTBA as described for 3 to give 15 (7 mg, 32%), mp 238-244 "C 
from methanol/water. 

2084 tert -Butyldimethylsi1oxy)- 14- hydroxy-S8,14@-preg- 
nane (23). Compound 22 (5.3 g, 10.8 mmol) prepared as de- 
scribed' was refluxed in 0.5 M KOH/MeOH (50 mL) under argon 
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The Synthesis and Antiviral Activity of Some 4'-Thio-%'-deoxy Nucleoside 
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Starting from benzyl 3 ,6 -d i -O-benzy l -2d-deoxy-1 ,4 -d i thr~~nto~~~ ide  (4), the following Y-deoxy nudeaside 
analogues have been synthesized: 4'-thiothymidine (8), 3'-azido-4'-thio-deoxythymidine (lo), and (E)-5-(2- 
bromovinyl)-4'-thio-2'-deoxyuridine (22). The first compound is toxic, the second is not toxic nor has detectable 
biological activity, and the third is not toxic and has significant activity against some herpesviruses. 

Introduction 
(E)-5-(2-Bromovinyl)-2'-deoxyuridine (BVDU, 11, a po- 

tent and selective inhibitor of HSV-1 and VZV, was first 
synthesized in this laboratory several years ago.' Ita high 
therapeutic index (-10000)2 is due to a combination of 
ita efficacy and ita low toxicity because it is only phos- 
phorylated to the 5'-mOnO- and 5'-diphosphates by the 
thymidine (and thymidylate) kinases of HSV-1 and VZV. 
Despite many subsequent attempts to synthesize other 
analogues? no significant improvement in therapeutic in- 
dex has been achieved. However, BVDU is a good sub- 
strate for pyrimidine phosphorylase4 and is thus rapidly 
degraded in vivo into (E)-5-(2-bromovinyl)uracil (BVU) 
and 2-deoxyribose 1-phosphate. We have subsequently 
attempted to reduce this liability by making cytidine de- 
rivative# and changing the halogen for iodo or chloro6 but 
all were equally labile. An attempt to modify the sugar 
moiety by making the 3'-O-methyl ether in the hope of 
making the nucleoside resistant to nucleoside phospho- 
rylase and also to be a chain terminator failed because the 
resultant nucleoside was no longer a substrate for the 
kinase.' 

OH 

1 

OH 
2 

Walker, R. T.; Barr, P. J.; De Clercq, E.; Descamps, J.; Jones, 
A. S.: Serafinowski. P. Nucleic Acids Res.. Svecial Publ. 1978. , .  
4, 5103. 
De Clercq, E.; Descampe, J.; De Somer, P.; Barr, P. J.; Jones, 
A. 5.; Walker, R. T. Proc. Natl. Acad. Sei. U.S.A. 1979, 76, 
2947. 
De Clercq, E.; Walker, R. T. Phormacol. Ther. 1984, 26, 1. 
Deegranges, C.; Razaka, G.; Rabaud, M.; Bricaud, H.; Balzarini, 
J.; De Clercq, E. Biochem. Phormacol. 1983,32,3583. 
Barr, P. J.; Jones, A. S.; Verhelet, G.; Walker, R. T. J .  Chem. 
Soc., Perkin Trans. 1 1981,1665. 
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Scheme Ia 
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0 

HoYh 
Ho y> 

0 6 8 no 
a (a) HgBrp/CdCOa/toluene; (b) BCl8/CHpClP 

We here describe the synthesis of some 4'-thio-2'-deoxy 
nucleosides in the hope that they might be more stable and 
thus bioavailable. 

The only previous synthesis of a 4-thio-2-deoxy-~- 
erythro-pentose derivative (4-thio-2-deoxyrib) involved 
14 steps! and because of the difficulty and the low yield 
obtained, the synthesis of only one 4'-thio-2'-deoxy nu- 
cleoside has been reported in the literature? Thus, Bobek 

(7) Ashwell, M.; Jones, A. S.; Kumar, A.; Sayers, J. R.; Walker, R. 
T.; Sakuma, T.; De Clercq, E. Tetrahedron 1987, 43, 4601. 

(8) Fu, Y.-L.; Bobek, M. J.  Org. Chem. 1976,41, 3831. 
(9) Fu, Y.-L.; Bobek, M. In Nucleic Acid Chemistry; Townsend, 

L., Tipson, R. S., Ede.; John Wiley & Sons: New York, 1978; 
p 317. 
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