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Summary: A short (S-step) synthesis of the oxetanocin A analogues 12a and 12b has been accomplished, with 

very good stereoseleclivity in the key iodocycfization step. Copyright © 1996 Elsevier Science Ltd 

NH2 
Oxetanocin A ( l) ,a  naturally occurring antiviral nucleoside isolated in 1986,1,2 and .N . ' ~ N  

its analogues 3-10 show activity against HIV,4, 5 HBV,6, 7 HSV,5,8, 9 and cytomegalovirus H O ~  ¢~ IIN..,~N/.~I 

(CMV).9,10 Because of its interesting structure as an oxetanose-based nucleoside, 

oxetanocin A (1) has been the target of several published synthetic studies, which use a t ' O  H 
1 

ring contraction from modified ribose 11 or glucose 12 units, an internal SN2 displacement 

of an epoxide 13 or a mesylate, 14 or a [2+2] photocycloaddition 15 in the key step. Our approach was designed to 

use a cationic iodocyclizafion 16 to form the oxetane. 

R. 2 R3 R4 12/NaHC03,, R3 . 4 ~ 0 ~  

2 3 

RI = R2 = H, P~ = P,4 = Me 
RI = R3 = R4= H, R2 = Me 

R3,...~O _R~ 
+ R 4 ~ R 2  

""I 
4 

RI = Et, R2 = R3 = R4 =H 
RI = Bu, R2 = R3 = H, R4=Et 
RI=Et, R2=H, R3=R4=Me 

R1 = R2 = R3 = R4 = H - 1:1 mixture 

$ ¢ h t m  I 

For a homoallylic alcohol 2, iodoetherification (Scheme 1) typically proceeds through a 5-endo-trig pathway 

to produce a 3-iodotewahydrofuran 4.17-22 Formation of the oxetane 3 has been reported to be preferred only for 

substrates in which the double bond is gem-disubstituted (R2 ~ H), 23 or if there are gem-c~alkyl substituents 16,24 

to accelerate the 4-exo-trig mode. For our case, the cyclization substrate would be the homoaUylic alcohol 6 

(Scheme 2). We predicted that the two substituents, the aryl and vinyl groups, (despite not being geminal) would 

be enough to favor oxetane formation. 
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The starting material in each sequence (Scheme 2) is E-5-bromo-l,3-pentadicne (5). 25 In the presence of 

zinc and a catalytic amount (ca. 10 mol%) of aluminum trichloride, 26 the bromide 5 undergoes a Barbier reaction 

with a variety of aldehydes (bcnzaldehyde, m-tolualdehyde, p-anisaldchyde) to form the raoemic dienols 6a-c in 

reasonable yield (53-65%). It was found that ultrasound 27 tends to increase the efficiency of the zinc insertion. 

The key step is the iodocyclization of 6a-c which gives an inseparable mixture of cyclizcd products in overall 

yields of up to 77% with good stereoselcctivities. The ratio of the major isomer, the all trans oxctanes 7a-c, to 

the next most abundant, the trans, trans-2-aryl-3-ethenyl-4-iodotetrahydrofurans 7a'-e ' ,  is at least 3:1, and in 

some cases as high as 10:1. There are also other oxetane products in this mixture: in one case reductive 

deiodination of 7a with lithium aluminum hydride (LAH) showed four different methyl doublets in the 1H NMR 

spectrum, 28 indicating that all of the four possible isomeric oxetanc products had been formed, in a ratio of 10 : 2 : 

1.5 : 1. Thus this iodocyclization allows for establishment of all the relative stcreochemistry, analogous to that of 

oxetanocin A, in one step with good selectivity. The next step, an SN2 displacement of the iodide with 10 

equivalents of potassium acetate, produces the acetates 9a-c along with a small amount of the 5-membered ring 

products 8a-c. At this point the acetates 9a-c are separable from the other products by column chromatography. 

The stereochemistry of the products were assigned by high field proton NMR experiments. Thus a NOESY 

experiment on the iodide 7a indicated that the three groups were all trans since them were correlations of proton a 
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with b and d, proton b with d, proton f with e, e', and the aryl protons, and protons e and e' I ~ ~  

with the aryl protons. A NOESY experiment on the acetate 8a showed that the allylic proton ~ H ~  - ' ~  Hb 

was cis to the aryl ring and the proton ct to the acetate, confirming that this product had the " ~..~ .Hc, Ha" ~'x 
Hc 

assigned structure and thereby establishing the stereochemistry of the iodide 7a'. 7a 

From this point, the success of the reaction sequence depends on the nature of the aryl substituent. 

Ozonolysis of 9a followed by sodium borohydride reduction 29 gives a mixture of the alcohol l l a  and the 

unreduced diastereomeric ozonides 10a. However, both of these products can be taken to the final 2,3- 

oxetanedimethanol 12a, using ammonia in methanol to deprotect the acetate l l a  or LAH to fully reduce the 

ozonide 10a. The alkene 9a could also be convened, albeit in poorer yield, directly to 12a in a one-pot sequence 

of ozonolysis followed by LAH reduction. Similar treatment of compound 9b affords both the ozonide 10b, 

which on reduction produces 12b as expected, and the monoacetate l i b ,  which was converted with methanolic 

ammonia into the final product 12b. The one-pot conversion of 9b into 12b proceeded in 21% yield. 

However the olefin 9e, containing an electron-donating p-methoxyphenyl group, could not be carried 

further in this synthesis because of its propensity to rearrange under the acidic conditions required in the workup 

of the ozonide reduction. The alkene itself also rearranges in acid. Thus treatment of 9c with 1M HC1 in THF 

produces (Scheme 3) both the diol 13 (with a 3:1 ratio of isomers at C-4) and the ring-enlarged alcohol 14. 30 

Both the proton chemical shifts and the coupling constants of the alcohol 14 matched those of 8a (except for the 

protons ~t to the alcohol and acetate respectively), thereby ensuring the correctness of the structural assignment. 31 

OMe OMe 

AcO 1M HCI Ac 
THF " ": + 

% t L ~ J ~ o  M e 

13, ,54% 
90 14, 3% 

Scheme 3 

In summary, a short sequence of 5 stens has led to the synthesis of two racemic oxetanocin A analogues, 

12a and 12b, in 21% and 9% overall yield, respectively. Since the alcohol stereocenter in 6 determines the 

stereochemistry of the other two stereocenters in 7 (and thus in 12), if one carried out an enantioselective addition 

to the aromatic aldehyde to produce this center asymmetrically, then one could effect an enantioselective synthesis 

of these oxetanocin analogues. Also, if the aryl group in 12 were replaced by appropriate functionality, it could 

possibly be converted to oxetanocin A. Preliminary investigations in this area are underway. 



7670 

Acknowledgments: We thank the National Institutes of Health (GM 47228) for financial support. C. J. N. 

was supported by the Natural Sciences and Engineering Research Council (NSERC) of Canada. 

1. Shimada, N.; Hasegawa, S.; Harada, T.; Tomisawa, T.; Fujii, A.; Takita, T. J. Antibiotics 1986, 39, 
1623. 

2. Nakamura, H.; Hasegawa, S.; Shimada, N.; Fujii, A.; Takita, T.; Iitaka, Y. J. Antibiotics 1986, 39, 
1626. 

3. Hosono, F.; Nishiyama, S.; Yamamura, S.; Izawa, T.; Kato, K.; Terada, Y. Tetrahedron 1994, 50, 
13335. 

4. Hoshino, H.; Shimizu, N.; Shimada, N.; Takita, T.; Takeuchi, T. J. Antibiotics 1987, 40, 1077. 
5. Maruyama, T.; Hanai, Y.; Sato, Y.; Snoeck, R.; Andrei, G.; Hosoya, M.; Balzarini, J.; De Clercq, E. 

Chem. Pharm. Bull. 1993, 41, 516. 
6. Ueda, K.; Tsurimoto, T.; Nagahata, T.; Chisaka, O.; Matsubara, K. Virology 1989, 169, 213. 
7. Nagahata, T.; Kitagawa, M.; Matsubara, IC Antimicrob. Agents Chemother. 1994, 38, 707. 
8. Alder, J.; Mitten, M.; Norbeck, D.; Marsh, K.; Kern, E. R.; Clement, J. Antiviral Res. 1994, 23, 93. 
9. Nishiyama, Y.; Yamanoto, N.; Yamada, Y.; Fujioka, H.: Shimada, N.; Takahashi, K. J. Antibiotics 

1989, 42, 1308. 
10. Nishiyama, Y.; Yamamoto, N.; Takahashi, K.; Shimada, N. Antimicrob. Agents Chemother. 1988, 32, 

1053. 
1 I. Wilson, F. X.; Fleet, G. W. J.; Vogt, K.; Wang, Y.; Witty, D. R.; Choi, S.; Storer, R.; Myers, P. L.; 

Wallis, C. J. Tetrahedron Lett. 1990, 31,6931. 
12. Norbeek, D. W.; Kramer, J. B. J. Ant Chem. Soc. 1988, 110, 7217. 
13. Niitsuma, S.; Ichikawa, Y.-i.; Kato, K.; Takita, T. Tetrahedron Len. 1987, 28, 3967. 
14. Nishiyama, S.; Yamamura, S.; Kato, K.; Takita, T. Tetrahedron Lett. 1988, 29, 4739. 
15. Hambalek, R.; Just, G. Tetrahedron Lett. 1990, 31, 5445. 
16. Evans, R. D.; Magee, J. W.; Schauble, J. H. Synthesis 1988, 862. 
17. Bennett, F.; Bedford, S. B.; Bell, K. E.; Fenton, G.; Knight, D. W.; Shaw, D. Tetrahedron Lett. 1992, 

33, 6507. 
18. Bedford, S. B.; Bell, K. E.; Fenton, G.; Hayes, C. J.; Knight, D. W.; Shaw, D. Tetrahedron Lett. 

1992, 33, 6511. 
19. Barks, J. M.; Knight, D. W.; Seaman, C. J.; Weingartan, G. G. Tetrahedron Lett. 1994, 35, 7259. 
20. Galatsis, P.; Millan, S. D.; Nechala, P.; Ferguson, G. J. Org. Chem. 1994, 59, 6643. 
21. Lipshutz, B. H.; Tirado, R. J. Org. Cher~ 1994, 59, 8307. 
22. Galatsis, P.; Manwell, J. J. Tetrahedron Lett. 1995, 36, 8179. 
23. Galatsis, P.; Parks, D. J. Tetrahedron Lett. 1994, 35, 6611. 
24. Jung, M.E. Synlett 1990, 186. 
25. Pr~vost, C.; Miginiac, P.; Miginiac-Groizeleau, L. Bull. Soc. Chira. Fr. 1964, 2485. 
26. Haeda, H.; Shono, K.; Ohmori, H. Chem. Pharnt Bull. 1994, 42, 1808. 
27. Einhom, C.; Einhom, J.; Luche, J.-L. Synthesis 1989, 787. 
28. Partial 1H NMR (CDCI3, 400 MI-Iz) 8: 1.57(d,J=6.1Hz) , l .48(d ,J=6.1Hz) , l .46(d ,J=6.5Hz) ,  

1.33 (d, J = 6.5 Hz) in a ratio of 2 : 10 : 1.5 : 1. 
29. Sousa, J. A.; Bluhm, A. L. J. Org. Chem. 1960, 25, 108. 
30. Slightly different reaction conditions produce a different mixture of the products 13 and 14, in which 

more of the cyclic compound is formed. 
31. Proton NMR data: 7a: 7.40 (5H, m);6.12 (IH, ddd, J =  17.1, 10.4,7.9 Hz),5.36(1H, d , J=7 .2Hz) ,  

5.23 (1H, dt, J = 17.1, 1.2 Hz), 5.20 (1H, ddd, J = 10.4, 1.3, 0.8 Hz), 4.70 (1H, ddd, J = 8.0, 6.9, 6.0 
Hz), 3.47 (1H, dd, J = 9.8, 5.9 Hz), 3.39 (IH, dd, J = 9.8, 8.0 Hz), 3.09 (1H, qt, J = 7.3, 1.0 Hz). 
8a: 7.28-7.37 (5H, m); 5.83 (1H, ddd, J = 17.3, 10.4, 8.6 Hz), 5.45 (1H, dddd, J = 5.3, 4.4, 1.6, 0.5 
Hz), 5.14 (1H, ddd, J = 10.4, 1.6, 0.6 Hz), 4.97 (IH, ddd, J = 17.3, 1.6, 0.9 Hz), 4.84 (1H, d, J = 
10.0 Hz), 4.41 (1H, ddd, J = 10.6, 4.4, 0.2 Hz), 4.00 (1H, dd, J = 10.6, 1.6 Hz), 2.78 (1H, b td, J = 
9.3, 5.3 Hz), 2.14 (3H, s). 14 :7 .24  (2H, m), 6.86 (2H, m), 5.93 (1H, ddd, J = 17.5, 10.5, 8.1 Hz), 
5.26 (1H, ddd, J = 10.5, 1.6, 0.7 Hz), 5.11 (1H, dt, J = 17.5, 1.3 Hz), 4.85 (1H, d, J = 10.0 Hz), 4.48 
(1H, m), 4.33 (1H, dd, J = 9.9, 4.2 Hz), 3.98 (1H, dd, J = 9.9, 1.5 Hz), 3.80 (3H, s). 2.69 (1H, b td, J 
= 9.0, 4.8 Hz), 1.78 (1H, d, J = 3.2 Hz). 

(Received in USA 3 May 1996; revised 20 August 1996; accepted 21 August 1996) 


