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4 H); 13C NMR (CDC1,) 6 129.61 (d), 106.34 (s), 77.69 (s), 76.76 
(s), 52.56 (d), 51.56 (q), 51.09 (q), 49.33 (d), and 36.50 (d); MS, 
m/e (relative intensity) 370 (9), 368 (161, 366 (15) [M+], 337 (21), 
335 (38), 333 (94), 331 (100). 

Anal. Calcd for C15H14C1402: C, 48.92; H, 3.83; C1, 38.54. 
Found: C, 48.84; H, 3.84; C1, 38.37. 

5,5-Dimethoxyhexacyclo[ 5.5.1.02~6.03~'0.04~8.09J3]tridec- 1 1-ene 
(6). Into a 100-mL reaction flask were placed, in order, compound 
5 (3.0 g, 0.008 mol), dry tetrahydrofuran (60 mL), tert-butyl alcohol 
(6.0 g, 0.008 mol), and sodium (5.4 g, 0.235 g-atom) chopped into 
5-mm cubes. The mixture was vigorously stirred and refluxed 
under a nitrogen atmosphere for 36 h, then cooled to room tem- 
perature, and filtered to remove unreacted sodium. The filtrate 
was poured into ice water (20 mL) and extracted with ether (2 
X 30 mL). The organic phase was washed with brine (30 mL), 
dried, and concentrated. The resulting pale brown residue was 
purified via flash chromatography on silica gel (1:20 ethyl ace- 
tate-hexane eluent) and recrystallization from the same system 
of solvents to furnish pure 6 (1.4 g, 74%) as a colorless crystalline 
solid: mp 74-75 "C; IR (KBr) 3015 (w), 1615 (w), 1060 cm-' (5); 
'H NMR (CDCl,, 300 MHz) 6 6.22 (center of an ABX-like system, 
J = 4.9 and 3.1 Hz, 2 H), 3.30 (s, 3 H), 3.23 (s, 3 H), 2.84 (m, 2 
H), 2.64 (m, 2 H), 2.30 (m, 2 H), 2.26 (m, 2 H), and 2.20 (m, 2 
H); 13C NMR (CDCl,) 6 130.53 (d), 117.77 (s), 50.89 (q), 50.79 (q), 
46.54 (d), 45.94 (d), 40.66 (d), 40.49 (d), and 40.39 (d); MS, m/e 
(relative intensity) 230 (100) [M'], 199 (37) [M' - OCH,], 152 
(32), 121 (26), 74 (31). 

Anal. Calcd for C1$1802: C, 78.22; H, 7.88. Found: C, 78.33; 
H,  7.87. 
Hexacyclo[5.5.1.02~6.03~10.04~8.09~'3]tridec-l 1-en-5-one (7). To 

a solution of acetal 6 (1.0 g, 0.0043 mol) in tetrahydrofuran (30 
mL) containing water (20 mL) was added a catalytic amount of 
p-toluenesulfonic acid. The reaction mixture was refluxed ov- 
ernight and then extracted with ether (2 X 25 mL). The extracts 
were washed with water (20 mL) and brine (20 mL) prior to drying 
and filtration. Concentration and flash chromatography on silica 
gel (1:8 ethyl acetate-hexane eluent) of the resulting residue 
afforded pure ketone 7 (0.74 g, 92%), which was crystallized from 
ethyl acetate-hexane as a colorless crystalline solid: mp 103-104 
"C; IR (KBr) 3015 (w), 1760 (s), 1735 cm-' (sh); 'H NMR (CDCl,, 
300 MHz) 6 6.29 (center of an ABX-like system, J = 4.9 and 3.2 
Hz, 2 H),  3.09 (m, 2 H), 2.78 (m, 2 H), 2.46 (m, 2 H), 2.31 (m, 2 
H), and 2.11 (m, 2 H); 13C NMR (CDCl,) 6 215.06 (s), 129.97 (d), 
46.47 (d), 42.78 (d), 42.25 (d), 41.39 (d), and 36.84 (d); MS, m/e 
(relative intensity) 184 (100) [M'], 156 (18) [M' - CO], 141 (41, 
106 (6), 91 (7), 78 (74). 

Anal. Calcd for C13H120: C, 84.74; H, 6.57. Found: C, 84.83; 
H, 6.61. 

Hexacyclo[6.5.1.02~7.03~11.04~9.010~14]tetradec-12-en-5-one (8). 
An ethereal solution (30 mL) of ketone 7 (670 mg, 3.6 mmol) was 
saturated with freshly generated diazomethane at 0 OC. The 
mixture was then allowed to stand in the dark in a refrigerator 
(ca. 4 "C) for 2 days. The pale yellow color of the solution 
disappeared almost completely at  this point. The solution was 
concentrated to leave an off-white solid, which was purified via 
flash chromatography on silica gel (1:8 ethyl acetate-hexane 
eluent) to afford pure enone 8 (690 mg, 96%). Recrystallization 
from ethyl acetate-hexane gave an analytical sample as a colorless 
crystalline solid: mp 90-91 "C; IR (KBr) 3035 (w), 1735 (s), 1625 
cm-' (w); 'H NMR (CDCl,, 300 MHz) 6 6.26 (m, 2 H), 2.93 (m, 
1 H), 2.69 (m, 2 H), 2.62 (m, 1 H), 2.45 (m, 1 H), 2.36 (m, 2 H), 
2.22 (m, 2 H), 2.12 (m, 2 H), and 1.92 (m, 1 H); 13C NMR (CDClJ 
6 216.89 (s), 131.44 (d), 129.48 (d), 50.71 (d), 42.54 (d), 40.82 (d), 
40.54 (d), 40.34 (d), 39.89 (d), 39.62 (d), 38.73 (d), 37.34 (t), 36.78 
(d), and 35.92 (d); MS, m/e (relative intensity) 198 (100) [M'], 

Anal. Calcd for C14H140: C, 84.80; H, 7.12. Found: C, 84.65; 
H, 7.18. 

Hexacyclo[ 6.5.1.02~7.03~11.04~9.0'0~14]tetradec-12-en-5-ol (9). To 
a stirred solution of 8 (500 mg, 2.5 mmol) in methanol (25 mL) 
was added sodium borohydride (500 mg, 12.5 mmol) in three 
portions in a period of 3 min. The reaction mixture was stirred 
at room temperature, and the progress of the reaction was 
monitored by TLC analysis. When ketone 8 had disappeared (ca. 
10 min), a solution of 10% HC1 (10 mL) was added. The bulk 
of the methanol was removed under reduced pressure, and the 

156 (31) [M' - H&=C=O], 154 (69), 131 (30), 118 (14), 78 (30). 
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product was extracted into ether. The ethereal solution was 
washed with 5% sodium bicarbonate solution and brine, dried, 
and evaporated to leave crude 9 (510 mg) as a colorless solid. Flash 
chromatography on silica gel (1: lO ethyl acetakhexane as eluent) 
furnished a 1:l mixture of epimeric alcohols 9 (490 mg, 97%), 
which was recrystallized from the same system of solvents to give 
an analytical sample as a colorless crystalline solid: mp 80-82 
"C; IR (KBr) 3270 (s, br), 3020 (w), 1625 (w), 1100 (s), 1050 cm-' 
(5); 'H NMR (CDCl,, 300 MHz) 6 6.26 (m, 4 H, olefinic protons), 
4.22 (m, 1 H, HCO), 3.95 (m, 1 H, HCO), 2.79 (m, 1 H), 2.52 (m, 
6 H), 2.45 (m, 1 H), 2.24 (m, 4 H), 1.96 (m, 2 H), and 1.82-1.28 
(m, 12 H); 13C NMR (CDCl,) 6 131.21 (d), 130.94 (d), 130.63 (d), 
130.44 (d), 65.59 (d), 65.37 (d), 41.47 (d), 41.27 (d), 41.21 (d), 40.96 
(d), 40.77 (d), 40.58 (d, 2 C), 40.34 (d), 40.32 (d), 39.93 (d), 39.79 
(d), 39.70 (d), 39.18 (d), 37.40 (d), 36.92 (d), 36.71 (d), 35.56 (d), 
33.54 (d), 33.24 (d), 32.32 (d), 31.17 (t), 30.73 (t); MS, m/e (relative 
intensity) 200 (100) [M+], 182 (33) [M+ - H20], 167 (81, 156 (19), 
141 (9), 133 (7), 104 (ll), 91 (15), 80 (23), 78 (12). 

Anal. Calcd for C14H160: C, 83.95; H, 8.06. Found: C, 83.85; 
H, 8.17. 

Hexacyclo[6.5.1.02~7.03~'1.04~9.010~14]tetradeca-5,l2-diene (1). 
A catalytic amount of p-toluenesulfonic acid was added to a 
solution of 9 (100 mg, 0.5 mmol) in dry benzene (30 mL), and the 
reaction mixture was heated at  reflux temperature in an atmo- 
sphere of nitrogen for 3 days under a Dean-Stark trap. Most of 
the benzene was then removed in vacuo, and the residue was 
purified via flash chromatography on silica gel (hexane eluent) 
to afford diene 1 (73 mg, 80%) as a colorless liquid: IR (film) 
3030 (m), 1620 (m), 1380 (m), 1320 (m), 830 (m), 685 cm-' (m); 
'H NMR (CDCl,, 300 MHz) 6 6.27 (center of an ABX-like system, 
J = 4.8 and 3.2 Hz, 4 H, olefinic protons), 2.53 (br s, 4 H, allylic 
bridgehead protons), 2.28 (m, 4 H, cyclobutane methine protons), 
and 1.60 (m, 2 H, bridgehead methine protons); 13C NMR (CDCl,) 
6 131.72 (d), 44.10 (d), 39.22 (d), and 38.79 (d); MS, m/e (relative 
intensity) 182 (100) [M'], 167 ( l l ) ,  154 (4), 141 (5 ) ,  104 (60), 91 
(30). 
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Reductive deoxygenation of a vicinal diols moiety of a 
nucleoside is an attractive synthetic route to 2',3'-di- 
deoxynucleosides, which are physiologically important' and 
play an important role in protecting cells against the cy- 
topathic effect of HIVa2 In fact, the syntheses of di- 
deoxynucleosides from ribonucleosides have been studied 
extensively. For example, 2'-O-acetyl-3'-bromo-3'-deoxy- 
nucleoside derivatives have been used as precursors of 

(1) Recently, 2',3'-dideoxynucleosides, such as 2',3'-dideoxycytidine, 
2',3'-dideoxyadenosine, and 2',3'-dideoxyinosine, were found to be effec- 
tive against AIDS (acquired immune deficiency syndrome). (a) Mitsuya, 
H.; Weinhold, K. J.; Ufrmann, P. A.; St. Clair, M. H.; Lehrman, S. N.; 
Gallo, R. C.; Bolognesi, D.; Barry, D. W.; Broder, S. Proc. Nutl. Acud. Sci. 
U.S.A. 1985,82, 7096. (b) Mitsuya, H.; Broder, S. Ibid. 1986, 83, 1911. 
(c) Kim, C.; Marquez, V. E.; Broder, S.; Mitsuya, H.; Driscoll, J. S. J. Med. 
Chem. 1987, 30, 862. (d) Herdewijn, P.; Balzarini, J.; Clercq, E. D.; 
Pawels, R.; Baba, M.; Broder, S. Ibid. 1987, 30, 1270. 

(2) Human immunodeficiency virus, which causes AIDS. For instnace: 
(a) Provic, M.; Sarngadharan, M. G.; Read, E.; Gallo, R. C. Science 
(Washington, D.C.) 1984,224,497. (b) Broder, S.; Gallo, R. C. Annu. Reu. 
Immunol. 1985,3,321. (c) Wong-Staal, F.; Gallo, R. C. Nature (London) 
1985, 317, 395. 
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Table I. Transformation of 2’,3’-0-(Methoxymethylene)uridine into Olefins 
reaction condition 

starting nucleoside solventa cat. (equiv) temp, “C time, hb product % yieldC 
A c ~ O  132-128 
AczO 100 
AczO 132 
AczO PY (0.1) 132 

A c ~ O  BHaNEtB (0.1) 132 

A c ~ O  PhCOOH (1.0) 132 
A c ~ O  BH3NEt3 (0.1) 132 

A c ~ O  BHSNEtB (0.1) 132-125 

PY 

Concentration of reaction mixture are 10 g/dL (starting nucleoside/AczO). 
yields. CYields are determined by HPLC analysis of reaction mixture. 

deoxy- or dideoxynucleosides by hydrogenation with 
palladium ~ a t a l y s t ~ ~ ~ ~  or zinc.3b In addition, tributyltin 
radical initiated reduction of thiocarbonates in the syn- 
thesis of deoxy- or dideoxycytidine4Jc and the selective 
photosensitized deoxygenation of adenosine via a tri- 
benzoate5 are also known. Recently, an elegant method 
for the preparation of 2’,3’-dideoxynucleoside from L- 
glutamic acid has been reported.6 However, many diffi- 
culties are envisioned in adapting these methods for 
large-scale production of 2’,3’-dideoxynucleosides, because 
they require many steps, need expensive reagents, or have 
the problem of stereospecificity. 

Thus we turned our attention to an alternative indirect 
route for reductive deoxygenation, which consists of 
transformation of the vicinal diols into the olefin followed 
by hydrogenation of the resulting olefin.’ Several methods 
are known for the conversion of vicinal diols into olefins.8 
Corey-Winter reactiong of 5’-trityluridine 2’,3’-0-thiono- 
carbonate was attempted for preparation of 2‘,3‘-di- 
dehydro-2’,3‘-dideoxy-5‘-O-trityluridine, but resulted in a 
very low yield of the desired olefin because of the con- 
comitant methylation at N3 by trimethyl phosphite.& Here 
we report a simple and convenient route to 1-(2,3-di- 
deoxy-~-~-glycero-pent-2-enofuranosyl)uracil (4), from 
uridine (1) by using the Eastwood olefination reactionlo 
of vicinal diols (Scheme I). 2’,3’-Dideoxyuridine (5) could 
then be easily obtained from 4 by a known method.’l 

Uridine (1) was converted into 2’,3’-O-methoxy- 
methyleneuridine (2) almost quantitatively upon treatment 
with trimethyl orthoformate and a catalytic amount of 
p-toluenesulfonic acid monohydrate.12 A solution of 2 in 

(3) (a) Hydrogenation with palladium catalyst provides the mixture 
of 2’,3’-dideoxyadenosine and deoxyadenoeine. Russel, A. F.; Greenberg, 
S.; Moffatt, J. G. J. Am. Chem. SOC. 1973, 95, 4025. (b) Using Zn-Cu, 
2’,3’-didehydr0-2’,3’-dideoxyadenosine was obtained. Robins, M. J.; 
Hansske, F.; Low, N. H.; Park, J. I. Tetrahedron Lett. 1984,25,367. (c) 
3’,5’-Di-O-acetyl-2’-bromo-2’-deoxyuridine was converted to 2’-deoxy- 
uridine by hydrogenation with palladium. Marumoto, R.; Honjo, M. 
Chem. Pharm. Bull. 1974,22, 128. 

(4) Barton, D. H. R.; Subramanian, R. J. Chem. SOC., Perkin Trans. 
I ,  1977, 1718. 

(5) Saito, I.; Ikehara, H.; Kasatani, R.; Watanabe, M.; Matsuura, T. 
J. Am. Chem. SOC. 1986, 108, 3115. 

(6) Farina, V.; Benigni, D. A. Tetrahedron Lett. 1988, 29, 1239. 
(7) Review: Block, E. Org. React. (N.Y.) 1984,30, 458-565. 
(8) (a) Ruyle, W. V.; Shen, T. Y.; Patchett, A. A. J. Org. Chem. 1965, 

30, 4353. (b) Box, J. J.; Wempen, 1. Tetrahedron Lett .  1965, 643. (c) 
Anzai, K.; Matsui, M. Agric. B i d .  Chem. 1973,37,345. (d) Tong, G. L.; 
Lee, W. W.; Goodman, L. J. Org. Chem. 1965, 30, 2854. 

(9) (a) Corey, E. J.; Winter, R. A. E. J. Am. Chem. SOC. 1963,85,2677. 
(b) Corey, E. J.; Carey, F. A.; Winter, R. A. E. J. Am. Chem. SOC. 1965, 
87, 934. 

(10) Crank, G.; Eastwood, F. W. Aust. J. Chem. 1964, 17, 1392. 
(11) (a) Horwitz, J. P.; Chua, J.; Rooge, M. A. D.; Noel, M.; Klundt, 

I. L. J. Org. Chem. 1966, 31, 205. (b) McCarthy, J. K.; Robins, M. J.; 
Townsend, L. B.; Robins, R. K. J. Am. Chem. SOC. 1966,88, 1549. 

(12) We modified this method to get the highest yield of the olefina- 
tion. Griffin, B. E.; Jarman, M.; Reese, C. B.; Sulston, J. E. Tetrahedron 
1967,23, 2301. 

3 4a 53 
1 3 99 
4 4a 46 
3 4a 50 
1 4a 56 
1.5 4a 56 

3 4a 47 
1.5 4a 49 

*The indicated reaction times are those a t  the maximum 
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acetic anhydride was heated at  130 “C for 3 h to give 
1-(5-0-acetyl-2,3-dideoxy-~-~-glycero-pent-2-eno- 
furanosyl)uracil(4a). However, the reaction at  100 “C for 
1 h gave only 3. 

Table I shows the results of the transformation of 2 or 
3 into 4a under various conditions. In the reaction of 2, 
acetic acid was produced first by acetylation of 5’-alcohol 
of 2 to give 3. The formation of 4a from 3 was catalyzed 
by this acetic acid according to the mechanism assumed 
by Eastwood.lo Meanwhile, it was reported that heating 
a solution of 2-methoxy-1,3-dioxolanes in refluxing acetic 
anhydride without acetic acid produced the corresponding 
olefins in high yields.13 As expected, 3 formed in the 

(13) Ando, M.; Ohhara, H.; Takase, K. Chem. Lett .  1986, 879. 
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are reported as ppm values downfield from Me4Si. Fast atom 
bombardment mass spectra were obtained on a JEOL D-300 
instrument. HPLC was carried out on a 15 cm YMC A-312 
column with a Hitachi 655 system equipped with a Shimadzu 
C-R4A integrator and a Hitachi variable wavelength UV monitor 
set at 260 nm. The mobile phase was 10% CH3CN/0.1 N Na- 
H2P04. 
2',3'-0-(Methoxymethy1ene)uridine (2). To a solution of 

uridine (1) (100 g, 410 mmol) in trimethyl orthoformate (250 mL) 
was added p-toluenesulfonic acid monohydrate (3.0 g, 15.8 "01). 
The solution was stirred at room temperature for'l6 h and then 
cooled to 10 "C. Sodium methoxide in methanol (28%, 3.39 g, 
17.6 mmol) and toluene (100 ml) was added, and the resulting 
mixture was stirred for 1 h at 10 "C. The reaction mixture was 
filtered, and the separated crystal was washed with toluene (100 
mL) and dried to yield 2 (113.6 g, 96% yield) as a white crystal 
(single diastereomer): TLC R, (CHCl,/MeOH, 10/1) 0.34; A,, 
(MeOH) 259 nm (e 10950), A- (MeOH) 232 nm (t 4950); 'H NMR 
(MezSO-ds) 6 3.21 (s,3 H), 3.60 (dd, 2 H, J = 5.49,8.79 Hz), 4.06 
(dt, 1 H, J = 8.79, 3.60 Hz), 4.86 (dd, 1 H, J = 3.60, 6.40 Hz), 5.02 
(dd, 1 H, J = 2.57, 6.40 Hz), 5.12 (t, 1 H, J = 5.49 Hz), 5.65 (d, 
1 H, J = 8.06 Hz), 5.80 (d, 1 H, J = 2.57 Hz), 6.10 (9, 1 H), 7.77 
(d, 1 H, J = 8.06 Hz), 11.40 (br s, 1 H); fast atom bombardment 
mass spectrum, m/z 287 (MH'). 
5'-0-Acetyl-2',3'-0-(methoxymethylene)uridine (3). A 

solution of 2 (10 g, 35.0 mmol) in acetic anhydride (100 mL) was 
heated at 100 OC for 1 h. After disappearance of starting material, 
the reaction mixture was evaporated. Addition of methanol (50 
mL) followed by concentration (three times) afforded 3 as a white 
crystal (11.4 g, 99% yield): TLC Rf (CHC13/MeOH, 10/1) 0.50; 
A, (MeOH) 257 nm (e 9920), A- (MeOH) 232 nm (t 4920); 'H 
NMR (MezSO-d,) b 2.05 (s, 3 H), 3.21 (s, 3 H), 4.10-4.40 (m, 3 
H), 4.90 (m, 1 H), 5.12 (m, 1 H), 5.67 (d, 1 H, J = 8.06 Hz), 5.80 
(m, 1 H), 6.14 (9, 1 H), 7.70 (d, 1 H, J = 8.06 Hz), 11.43 (br s, 1 
H); fast atom bombardment mass spectrum, m/z 329 (MH'). 

Olefination of 2 into 1-(5-0 -Acetyl-2,3-dideoxy-j3-~- 
glycero-pent-2-enofuranosy1)uracil (4a). A solution of 2 (5.0 
g, 17.5 mmol) in acetic anhydride (50 mL) was stirred for 3 h at 
132 OC. The reaction mixture was cooled to room temperature 
and evaporated. Chloroform (50 mL) was added, and the mixture 
was washed with aqueous NaHC03 (50 mL). Aqueous layer was 
extracted with CHC13 (50 mL), and the combined organic layers 
were dried over Na2S04, concentrated, and purified by silica gel 
column chromatography (CHC13/MeOH, 10/1) to give 4a (1.87 
g, 7.4 mmol, 42% yield). By recrystallization from EtOH, an 
analytical sample was obtained: mp 128-128.5 "C; A,, (MeOH) 
259 nm ( t  9670), A- (MeOH) 232 nm (t 4200); 'H NMR (CDCl,) 
6 2.08 (s, 3 H), 4.25 (dd, 1 H, J = 3.29, 12.45 Hz), 4.37 (dd, 1 H, 
J = 3.66, 12.45 Hz), 5.07 (m, 1 H), 5.72 (d, 1 H, J = 8.06 Hz), 5.92 
(m, 1 H), 6.30 (d, 1 H, J = 5.86 Hz), 7.01 (d, 1 H, J = 5.86 Hz), 
7.47 (d, 1 H, J = 8.06 Hz), 8.83 (br s, 1 H); fast atom bombardment 
mass spectrum, m/z  253 (MH'). Anal. Calcd for C11H12N205: 
C, 52.38; H, 4.80; N, 11.11. Found: C, 52.32; H, 4.87; N, 10.73. 
N-Acetyluracil (1.0 g, 6.5 mmol, 37% yield), N,N'-diacetyluracil 
(93 mg, 0.5 mmol, 3%), and N-acetylated compound 4a (95 mg, 
0.3 mmol, 2 % )  were also obtained as byproducts whose structures 
were confirmed by 'H NMR spectroscopy. 

1-( 2,3-Dideoxy-@-~-glycero -pent-2-enofuranosyl) uracil 
(4b). The crude concentrated product from the reaction of 2 as 
described above was treated with 29% NH40H (20 mL) and 
MeOH (20 mL) for 12 h at room temperature. The reaction 
mixture was evaporated, and the resulting residue was chroma- 
tographed on silica gel (CHC13/MeOH, 10/1) to give 4b (1.58 g, 
7.5 mmol, 43% yield): mp 150.0-151.0 O C ;  A,, (MeOH) 260 nm 
( t  9980), Amin (MeOH) 231 nm (e 3980); 'H NMR (MezSO-ds) 6 
3.58 (d, 1 H, J = 5.13 Hz), 3.59 (d, 1 H, J = 5.13 Hz), 4.78 (m, 
1 H), 4.98 (t, 1 H, J = 5.13 Hz), 5.59 (d, 1 H, J = 8.05 Hz), 5.92 
(d, 1 H, J = 5.86 Hz), 6.40 (d, 1 H, J = 5.86 Hz), 6.82 (m, 1 H), 
7.75 (d, 1 H, J = 8.05 Hz), 11.31 (br s, 1 H); fast atom bom- 
bardment mass spectrum, m / z  211 (MH'). Anal. Calcd for 
C9H10N204: C, 51.43; H, 4.80; N, 13.33. Found: C, 51.32; H, 4.81; 
N, 13.31. Uracil (0.77 g, 6.9 mmol, 34% yield) was obtained as 
a byproduct. 

2',3'-Dideoxyuridine (5b). A solution of 4b (1.0 g, 4.8 mmol) 
in methanol (10 mL) containing a catalyst (wet 5% palladium 
on carbon) (400 mg) was stirred in an atmosphere of hydrogen 

5b 

Scheme I11 
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reaction with acetic anhydride at 100 "C gave 4a, but the 
rate was slower and  the yield was slightly lower than  that 
of t h e  reaction of 2 under the same conditions. 

These results suggest that acetic acid promotes the  re- 
action, but produced 4a was unstable under acidic con- 
ditions and a considerable amount of N-acetyluracil was 
produced as a major byproduct (37% yield). Use of an- 
other acid catalyst such as PhCOOH or a base such as 
pyridine in order t o  improve the yield was not successful. 
Addition of Et3N and Na2C03 inhibited the  reaction. 
Among other catalysts, the highest yield of 4a was pro- 
duced within 1.5 h in t h e  presence of a catalytic amount 
of BH3NEt3 while a stoichiometric amount of BH3NEt3 
reduced the  yield of 4a remarkably, although 5a, which 
is assumed t o  be derived from hydroboration of 4a, was 
detected in low yield. The use of B(OEt)3 or BH3Py did 
not  give satisfactory results. 

Hydrogenation of 4 easily provided 2',3'-dideoxyuridines 
(5) in high yields.1° Compounds 4a and 5a were deacylated 
quantitatively with aqueous sodium hydroxide or ammonia 
to yield 4b and 5b, respectively (Scheme 11). Combining 
the two reactions, olefination of vicinal diols (Scheme I) 
and hydrogenation of resulting olefin (Scheme 11), provides 
a simple route t o  5b from 1. 

Attempts to  prepare other dideoxynucleosides such as 
2',3'-dideoxycytidine and  2',3'-dideoxyadenosine by the 
same procedure did not succeed. Purine nucleosides were 
unstable under the acidic conditions to provide free purine. 

Base modification by chemical conversion of 5b to  
2',3'-dideoxycytidine has also been reported.14 However, 
we had already developed a method for transgly~osylation'~ 
by which we were able to  synthesize various kind of nu- 
cleosides. Whether an  enzyme t o  catalyze transdideoxy- 
ribosylation exists has been of great interest, and indeed 
we have found that 5b was a suitable substrate for 
transdideoxyribosylation, and 2',3'-dideoxyadenosine (6) 
or 2',3'-dideoxyinosine (7) was efficiently obtained from 
5b and adenine or, hypoxanthine, respectively, by catalytic 
action of Escherichia coli A J  2595 (Scheme I1I).l6 

In conclusion, a method using a combination of chemical 
and  enzymatic reactions offers a preferable route for 
large-scale preparation of 2',3'-dideoxynucleoside ana- 
logues. 

Experimental Section 
Melting points were measured with a Yamato melting point 

apparatus and are uncorrected. UV spectra were recorded on a 
Hitachi U-3200 spectrometer. 'H NMR spectra were obtained 
on a Varian XL-300 or JEOL JNM-GX400 spectrometers and 

(14) Lin, T.; Chen, M. S.; Mclaren, C.; Gao, Y.; Ghazzouli, I.; Prusoff, 
W. H. J. Med. Chem. 1987, 30, 440. 

(15) (a) Utagawa, T.; Morisawa, H.; Miyoshi, T.; Yoshinaga, F.; Ya- 
mazaki, A.; Mitsugi, K. FEES Lett. 1980, 109, 261. (b) Morisawa, H : 
Utagawa, T.; Miyoshi, T.; Yoshinaga, F.; Yamazaki, A,; Mitsugi, F.. 
Tetrahedron Lett .  1980, 21, 479. 

(16) The details about the enzymatic reaction will be reported. Shirae, 
H.; Kobayashi, K.; Shiragami, H.; hie, Y.; Yasuda, N.; Yokozeki, K., 
submitted for publication in Appl .  Enuiron. Microbiol. 
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for 1 h. The catalyst was removed by filtration, and the filtrate 
was concentrated. The residue was chromatographed on silica 
gel (CHC13/MeOH, 5/1) to  give 5b (0.99 g, 97% yield): mp 
121.2-121.7 "C; A, (MeOH) 262 nm (c 10 560), A- (MeOH) 232 
nm (e 3810); 'H NMR (MezSO-d6) 6 1.74-2.00 (m, 3 H), 2.20-2.35 
(m, 1 H), 3.49-3.55 (m, 1 H), 3.64-3.69 (m, 1 H), 4.00-4.03 (br 
s, 1 H), 5.03 (s, 1 H), 5.58 (d, 1 H, J = 8.06 Hz), 5.95 (m, 1 H), 
7.94 (d, 1 H, J = 8.06 Hz), 11.25 (br s, 1 H); fast atom bom- 
bardment mass spectrum, mlz 213 (MH'). Anal. Calcd for 

N, 13.20. 
5'-0 -Acetyl-2',3'-dideoxyuridine (5a). The compound 4a 

was hydrogenated into 5a in the same way: mp 80.1-80.6 "C; A, 
(MeOH) 262 nm (c l0290), X, (MeOH) 232 nm (e 3850); 'H NMR 
(MepSO-dB) 6 1.75-1.87 (m, 1 H), 1.92-2.06 (m, 2 H), 2.05 (s, 3 
H), 2.20-2.38 (m, 1 H), 4.14-4.26 (m, 3 H), 5.63 (d, 1 H, J = 8.06 
Hz), 5.99 (m, 1 H), 7.66 (d, 1 H, J = 8.06 Hz); fast atom bom- 
bardment mass spectrum, m/z 255 (MH'). Anal. Calcd for 

N, 10.97. 

CgH12Nz04: C, 50.94; H, 5.70; N, 13.20. Found: C, 50.95; H, 5.71; 

CiiHuN206: C, 51.97; H, 5.55; N, 11.02. Found: C, 52.02; H, 5.59; 
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Interest in the synthesis of polyquinanes has gained 
momentum in recent years due, in part, to the isolation 
of natural products whose molecular architecture is com- 
prised of polyfused five-membered rings (e.g. capnallane, 
corriolin, cripnallane).2 Moreover, interest in the synthesis 
of nonnatural products such as triquinacene? peristylane,4 
pagodane,5a and d ~ d e c a h e d r a n e ~ ~  has been stimulated due 
to the unique topology of such systems,2 as well as their 
chemical b e h a ~ i o r . ~ ~ ~  Retrosynthetic analysis of the 
molecules mentioned above, via at least one pathway, will 
ultimately terminate in the structure of a cis-bicyclo- 

(1) This paper was presented in preliminary form. Lannoye, G.; Rao, 
K. S.; Cook, J. M. General Approach t o  the Synthesis of Polyquinenes 
uia the Weiss Reaction; presented at the 9th Rocky Mountain Regional 
American Chemical Society Meeting, Las Vegas, NV, March 27-30,1988; 
Abstract 49. 

(2) For recent reviews in the area of polyquinanes, see: Paquette, L. 
A. Topics in Current Chemistry; Springer-Verlag, 1984; Vol 119. Eaton, 
P. E. Tetrahedron 1979, 35, 2189. Mehta, G. J.  Sci. Ind. Res. 1978,37, 
256. Ramaiah, M. Synthesis 1984,529. Trost, B. M. Chem. SOC. Rev. 
1982,II, 141. 

(3) (a) Woodward, R. B.; Fukunaga, T.; Kelly, R. C. J. Am. Chem. SOC. 
1964,86,3162. Jacobson, T. Ph.D. Thesis, University of Lund, 1973; Acta 
Chem. Scund. 1967, 21, 2235. Mercier, C.; Soucy, P.; Rosen, W.; Des- 
longchamps, P. Synth. Commun. 1973,3,161. Wyvratt, M. J.; Paquette, 
L. A. Tetrahedron Lett .  1974, 2433. De Meijere, A.; Kaufman, D.; 
Schallner, 0. Angew. Chem., Int. Ed. Engl. 1971, 10, 417. De Meijere, 
A. Tetrahedron Lett .  1974, 1845. Carceller, E.; Garcia, M. L.; Moyano, 
A.; Serratosa, F. J .  Chem. Soc.,  Chem. Commun. 1984, 825. (b) Bertz, 
S. H.; Lannoye, G.; Cook, J. M. Tetrahedron Lett .  1985,26, 4695. 

(4) Eaton, P. E.; Srikrishna, A.; Uggeri, F. J .  Org. Chem. 1984,49,1728. 
(5) (a) Fessner, W. D.; Sedelmeier, G.; Spun, P. R.; Rilis, G.; Prinzbach, 

H. J .  Am. Chem. SOC. 1987,109,4626. (b) Paquette, L. A.; Teransky, R. 
I.; Balogh, D. W.; Kentgen, G. J. Am. Chem. SOC. 1983, 105, 5446. 
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[3.3.0]octane unit. This versatile building block, repre- 
sented in the present paper as cis-bicyclo[3.3.0]octane- 
3,7-dione (l), is available on large scale from the Weiss 
rea~t ion .~~ '  Numerous attempts to differentiate between 
the two five-membered rings of 1 have been reported8 due 
to the activity of carboprostacyclines z9 and to the use of 
1 in the synthesis of other polyquinanes.lOJ1 Previous 

o a o  H H O - - - Y R  

1 OH 

CH3 

3 
attempts to monofunctionalize the symmetrical bicyclo- 
octanedione unit 1 have employed multistep synthesis,2 
protection-deprotection sequences accompanied by several 
recycle p a ~ s e s , ~ J ~  or alkylation reactions, the yields of 
which have been only moderate.13J4 In order to surmount 
this problem we have recently developed a new approach 
to the monoalkylation of 1, which ultimately resulted in 
the synthesis of centrosubstituted triquinacenes such as 
3. 

Initially, a number of obvious methods to monoalkylate 
1 were attempted but met with little success.14 However, 
the versatility of the Weiss reaction could be exploited a t  
this juncture. When glyoxal 5a was stirred with di-tert- 
butyl /3-ketoglutarate 4b in alkaline solution, a 93% yield 
of tetra-tert-butyl-3,7-dihydroxy-cis-bicyclo[3.3.0] octane- 
tetracarboxylate (6b) was realized. This tetraester was 
converted into the requisite bisenol ether 7b on stirring 
with diazomethane (Scheme I). Although various reaction 
conditions were studied, it was found that monoalkylation 
of the glyoxal-derived tetra-tert-butyl ester 7b could best 
be achieved a t  low temperatures (-30 to  -60 "C), as il- 
lustrated in Table I. When the temperature rose above 
this, dialkylation began to compete in the process. Hy- 
drolysis and decarboxylation of the monoalkylated tetra- 
esters represented by 8 gave the corresponding mono- 
alkylated cis-bicyclo[3.3.0]octane-3,7-diones 9. Conditions 
for this alkylation reaction were developed earlier during 

(6) Weiss, U.; Edwards, J. M. Tetrahedron Lett .  1968, 4885. 
(7) Bertz, S. H.; Cook, J. M.; Gawish, A.; Weiss, U. Org. Synth. 1986, 

64, 27. 
(8) Bertz, S. H. Tetrahedron Lett. 1983,24,5577 and references cited 

therein. 
(9) Nicolaou, K. C.; Sipio, W. J.; Magolda, R. L.; Seitz, S.; Barnette, 

W. E. J.  Chem. SOC., Chem. Commun. 1979, 1067. 
(10) Demuth, M.; Schaffner, K. Angew. Chem., Int. Ed. Engl. 1982, 

21, 820. Serratosa, F.; Moyano, A.; Carceller, E. Tetrahedron Lett. 1984, 
25, 2031. 

(11) For related work, see: Coates, R. M.; Shah, S. K.; Mason, R. W. 
J. Am. Chem. SOC. 1982, 104, 2198. Han, Y. K.; Paquette, L. A. J. Am. 
Chem. SOC. 1981,103,1831. Welch, S. C.; Chayabunjonglard, S. J .  Am. 
Chem. SOC. 1979,101,6768. Welch, S. C.; Chayabunjonglard, S.; Prakasa 
Rao, A. S. C. J. Org. Chem. 1980, 45, 4086. Smith, A. B. 111; Poder, B.; 
Branca, S.; Dieter, R. J. Am. Chem. SOC. 1981,103, 1996. 

(12) Lok, R.; Coward, J. K. J .  Org. Chem. 1974, 39, 2377. Paquette, 
L. A.; Lan, J. C. Synth. Commun. 1984, 14(12), 1081. 

(13) Belletire, J. L.; Adams, K. G. Tetrahedron Lett .  1983, 24, 5575. 
(14) Lannoye, G. L. Ph.D. Thesis, University of Wisconsin-Milwaukee, 

Milwaukee, WI, 1987. 
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