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Summary: Treatment of I-bromo-2-methyl-2-prn~l ether derivatives of alcohols with BusSnH(D) re.sults in 1.5- 
Hydrogen abstraction reactions: the system is applied to the inversion of an a- to B-mannoside and to the fotmation of 
nuclecside C4’ radicals. 

Intramolecular hydrogen atom abstraction through six-membered cyclic transition states (8 or 1,5-H 

abstraction) by means of aminium radical cations or alkoxy radicals has a long and venerable histoty.1~~3 1.5 

H abstraction by vinyl and aryl radicals has been introduced by Curran, who has designed a series of protecting 

groups for alcohols carrying precursors to such radicals which enable ftmctionalization. by hydrogen atom 

abstraction, of the derivatized alc0ho1.~ Here, we present the application of lJ-hydrogen atom abstraction to the 

long standing problem of the formation of p-0-mannopyranosidic linkages,5 as found for example in the 

common core pentaaaccharide of the N-linked glycoproteins, 6 and to the formation of nucleoside C-4 radicals 

relevant to the mode of action of numerous antitumor antibiotics.7 

I-Alkoxy-1-glycosyl radicals are selectively quenched along the axial direction by thiols and stannanes to 

give equatorial glycosides.8 Therefore, we evisaged the process for the inversion of a- to &mannopyranosides 

depicted in Scheme 1 whcrc X is a suitable tether that may bc readily appended onto O-2 of an a-manno- 

pymnoside and which serves to position the electrophilic radical Y* for lJ-hydrogen atom abstraction from the 

anomcric site The so-formed, equatorial, pyramidal, o-type anomeric radical9 would then invert to the more 

stable axial configuration followed by quenching to give the P-mannoside. 

OR OR 

Scheme 1 
Numerous systems in which Y* was a either an spa-hybridized carbon or a heteroatom centered radical, 

and X various tethers, were assayed to no avail. However. Nonish type II photochemistry of 0-phenacyl 

te-trabenzyl-a-mannopyranoside led cleanly to tetrabenzyl-1,5mannoIactone, and at tbe same rate as the 

cormsponding P-0-phenacyl derivative of glucose gave tetrabenzylgluconolactone, indicating that there was no 

fundamental impediment to the abstraction of the equatorial anomeric hydrogen in a-mannopyranosidca.*u 
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Rather, it appeared that the problem lay in the well known susceptibility1 of 1 J-hydrogen atom abstractions to 

subtle conformational effects, and that the XY combinations tried did not permit attainment of the required 

transition state for hydrogen atom abstraction. Thus, attention was directed at less rigid combinations of XY* 

with no sp2 hybridized atoms other than a x-type radical Y* in which the required, distorted, chair-like cyclic 

transition stateI might be more readily attained. 

Treatment of l,l* as a mixture of two diastereomers, in benzene at reflux with tributyltin hydride and 

ArSN dropwise over 5 h gave a complex reaction mixture, which after stirring with moist silica gel yielded 30% 

of the desired P-mannoside 2b, together with approximately 34% of 3b, 22% of the 2-ketone 4, and 8% of the 

a-glucoside 5b (Table, entry 1). Clearly, this particular tether permits the required 1,5-H abstraction from the 

anomeric site resulting in the formation of 2a, and thence of 2b. 13 The a-mannoside 3b (from deproteetion of 

3a) is the product of simple reduction of the initial radical by the stannane. 13J4 Replacement of Bu$!inH by the 

catalytic MegSnCl / NaBH3CN couple in tBuOH at reflux gave grossly similar results. It should be possible to 

improve the 2b:3b ratio by the use of the poorer hydrogen donor (Me$i)$iHlS but we have yet to explore this 

possibility. The main competing reaction is 1,4-H- abstraction from C2 16 followed by either expulsion of 2- 

methoxy-2-propyl radical giving 4,13 or quenching by the stannane giving Sa and so 5b13 after deprotection. In 

the accompanying manuscript Professor Cur-tan describes a parallel solution to this problem, developed in his 

laboratory, using a 1,6-hydrogen atom abstraction process17 

OMe H 
H 0Me 

Vl.l” 

1 28: X = C(OMe)Me2 3a: X E C(OMe)Mes 4 
2b:X=H 3b:X=H 

Application to the less conformationally rigid systems 6a and 7a was, predictably, more successful as 

evidenced by the relatively high levels of deuterium incorporation on treatment with BugSnD (Table, entries 2 

and 3). No evidence for 1,4-H abstraction was found in these systems. The CS-radical derived from 7a was 

quenched with a modest axial selectivity of - 3: 1, with the minor, inverted, product adopting the 5St 

conformation. The minor product 9 arising from 7a (Table, entry 3) is apparently the result of 1,5-H abstraction 

followed by acetoxy migration and eventual elimination of acetic acid.lg.19 

5a: X = C(OMe)Mea 8a:X=H,Y=Br 
8b:X=D.Y=H 7a:X=H,Y=Br 8 

ch.Y_U 
_.,.-I# 

6c:X=H;Y=D 7b:X=D,Y=H 
6d: X = allyl, Y = H 7e:X=H,Y=D 

The system was also suitable for generation of nucleoside C4’ radicals as evidenced by the treatment of 

1Oa with Ru3SnD giving lob and 11 in an - 1.6: 1 ratio, together with the reduction product 10~ (Table, entry 

4). Interestingly, treatment of 12*O with Bu3SnH gave only 13. resulting from the relatively slow vinyl 

migration, and none of the expected H-abstraction followed by cyclization (Table, entry 5). This observation 
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could indicate that the methoxy group is important in achieving the correct conformation for 1,5-H abstraction 

(through an anomeric effect) or simply that abstraction is less rapid than the closure of substituted homoallylic 

radical to the corresponding cyclopmpyhnethyl radical (ld - lfl4 s-t)21 Carbon-carbon bond formation could 

be achieved by substitution of BugSnH@) by allyltributyhin as indicated in entry 6 of the Table. 

AC 

9 

Me OMe 

10xX-H.Y=Br 
lObX=D,Y=H 
lOc:X=H,Y=D 

Me 

11 12 

The system is very susceptible to minor changes in geometry of the tether. Thus, the a-glucoside 14 

gave only reduction and 1,4-H abstraction (Table, entry 7) whilst the two bromomethylsilanes 15a and 16a 

gave only reduction (Table, entries 8 and 9). 

0Me 

1 

6a 

7a 

1Oa 

12 

6a 

14 

15a 

16a 

BugSnHa 

BugSnD 

BugSnD 

Bu$ZnD 

Bu3S nH 

Bu$nCH2CH=CH2 

BugSnH 

BugSnH 

Bu3SnD 
a) Followed by brief treatment with Sio2/CH2C12. 

13 
15a:X=Br lQa:X=Br 
15b: X = H l6b: X = D 

&j&@s (96 Yield) 

2b (30), 3b (34), 4 (22). 5b (8) 

6b + 6c (- 100, ratio 8614) 

7b + 7c (61, ratio SS:4S), 8 (1 l), 9 (14) 

lob + 10~ (61, ratio 70~30). 11 (26) 

13 (>95) 

6d (29) 

5b (-30),4 (-70) 

15b (>9S) 

16b(>9S) 

Further studies on the optimization of this convenient l,S-H abstraction system are currently underway, 

as is the application to the synthesis of complex P-mannopyranosides and to the study of nucleotide C4 radicals. 

Progress in these directions will be reported in due course. 

Acknowledgements: We are grateful to Professor Dennis Curran for a preprint of his closely related work 

(accompanying paper) and to the NSF and the donors of the Petroleum Research Fund, administered by the 

American Chemical Society, for support of this work. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 
15. 
16. 

:;: 

19. 

20. 
21. 

References 
For reviews on the Hoffmann-Loeffler-Freitag reaction see: a) Wolff, M. E. Chem. Rev., 1963.63. 
&I.J) Neale, R. S. Synthesis, 1971, 1. c) Mackiewicz, P.; Furstoss, R. Tetrahedron, 1978,3f, 

For reviews on the Barton reaction and modifications thereof see: a) Nussbaum, A. L.; Robinson, C. H. 
Tetrahedron, 1962.17, 35. b) Akhtar, M. Adv. Photochemistry, 1%4,2, 263. c) Barton, D. H. R. 
Pare Appl. Chem., 1968,16, 1. d) Hesse, R. H. Adv. Free Radical Chem., 1964,3,83. e) 
Mihailovic, M. L.;‘Gojkovic, S.; Konstantinovic, S. Tetrahedron, 1973.29. 3675. 
For applications in carbohydrate chemistry see: Lopez, J. C.: Alonso, R.; Fraser-Reid, B. J. Am. Chem. 
Sot., 1989,111, 6471. 
a) Curran. D. P.; Kim, D.; Liu, H. T.; Shen, W. J. Am. Chem. Sot., 1988,110,5900. b) Curran, 
D. P.; Somayajula, K. V.; Yu, H. Terrahedron L&r., 1992,33,2295. c) Curran, D. P.; Shen, W. J. 
Am. Chem. Sot., 1993,l IS, 6051. Also see: d) Parsons, P. J.; Pinto, I. J. Chem. Sot., Chem. 
Co-n., 1988, 81. e) Denenmark, D.; Winkler, T.; Waldner, A.; De Mesmaeker, A. Tetrahedron 
Left., 1992,33, 3613.f) Brown, C.D.S.; Simpkins, N.S.; Clinch, K.Terruhedron Lett., 1993,34, 127 

For recent work on P-mannopyranosides see: a) Barresi, F.; Hindsgaul, 0. J. Am. Chem. Sot., 1991, 
113,9376. b) Stork, G.; Kim, G. J. Am. Chem. Sot., 1992,114, 1087. c) Gunther, W.; Kunz, H. 
Angew. Chem. Int. Ed. Engl., 1990.29, 1050. d) Rathmore, H.; From, A. H. L.; Ahmed, K.; 
Fullerton, D. S. J. Med. Chem., 1986,29, 1945. d) Liu, K. K. C.; Danishefsky, S. J. J. Org. 
Chem., 1994,59, 1892 and references therein. 
See: a) Kunz, H. Angew. Chem. Int. Ed. Engl., 1987,26, 1395. b) Paulsen, H. Angew. Chem. Int. 
Ed. En&. 1990.29, 823 and references therein. 
See: a) Giese, B.; Erdmann, P.; Giraud, L.; Gbbel, T.; Petretta, M.; Schafer, T.; von Raumer, M. 
Tetrahedron Left., 1994,35,2684. b) Crich, D.; Yao, Q. J. Am, Chem. Sot., 1994,116, 2631 and 
references therein. 
a) Crich, D.; Ritchie, T. J. J. Chem. Sot., Chem. Common., 1988, 1461. b) Crich, D.; Ritchie, T. J. 
J. Chem. Sot.. Perkin Trans. I. 1990. 945. c) Crich, D.; Hermann, F. Tetrahedron Left., U&3,34, 
3385. d) Kahne, D.;Yang, D.;Lim, J.J.; Miller, R.; Paguaga, E. J. Am. Chem. Sot., 1988,110, 8716. 
See ref 8 and a) Beckwith, A. L. J.; Easton, C. J.; J. Am. Chem. Sot., 1981, 103, 615. b) Hayday, 
K.; McKelvey, R. D. .I. Org. Chem., 1976,41, 2222. c) Beckwith, A. L. J.; Brumby, S. J. Chem. 
Sot., Perkin Trans. 2, 1987, 1801. d) Malatesta, V.; McKelvey, R. D.; Babcock, B. W.; Ingold, K. 
U. J. Org. Chem., 1979,44, 1872. e) Gregory, A. R.; Malatesta, V. J. Org. Chem., 1980,45, 122. 
a) Brunckova, J.; Crich, D.; Hermann, F. 207th ACS National Meeting, San Diego, ORGN 424, 
1994. b) Descotes, G. Bull. Sot. Chim. Belg.. 1982,91, 973. 
Calculations on transition state for 1,5-hydrogen atom abstraction by alkoxy radicals: Dorigo, A. E.; 
Houk, K. N. J. Org. Chem., 1988,53, 1650. 
All radical precursors in this study were readily prepared by treatment of the precursor alcohol with either 
2-methoxypropene and NBS OT with 1,2-dibromo-2-methoxypropane and PhNMe. 
Pertinent lH-NMR data for 2b, 3b. 4 and 5b. 2b: 6 3.61 (3H, s, OMe), 4.25-4.45 (3H, m, H-2, H-4. 
1 x H-6), 4.64 (lH, d, .fl 2 = 1.03 Hz, H-l), 5.30 (lH, dd, J2.3 = 3.22, J3,4 = 10.2 Hz, H-3). 3b: 
6 3.44 (3H, s, OMe), 4.20-4.40 (3H, m, H-2, H-4, 1 x H-6), 4.79 (lH, d, Jl.2 = 1.49 Hz), 5.56 (lH, 
dd, J2,3 = 3.25, J3,4 = 10.23 Hz, H-3). 4: 8 3.53 (3H, s, OMe), 4.85 (lH, s, H-l), 6.01 (lH, d, 
J3,4 = 10.75 Hz, H-3). 5b: 6 3.53 (lH, s, OMe), 3.70-3.90 (3H, m, H-2, H-4, 1 x H-6), 4.86 (lH, d, 
Jl.2 = 3.82 Hz, H-l), 5.59 (lH, t, J = 9.61 Hz, H-3). 
Confiied by an experiment involving the use of BugSnD. 
Chatgilialoglu, C. Act. Chem. Res., 1992,2.5, 188. 
1,4-Hydrogen atom abstraction is rare but not unknown. See for example: a) Brunton, G.; Griller, D.; 
Barclay, L. R. C.; Ingold, K. U. J. Am. Chem. Sot., 1976,98, 6803. b) Wallace, T. J.; Critter. R. 
J. J. Org. Chem., 1961.26, 5256. c) Joumet. M.: Malacria, M. J. Org. Chem., 1992,57, 3085. 
Yamazaki, N.; Eichenberger, E.; Curran, D. P. Tetrahedron Leff., accompanying paper. 
See: a) ref 7a,b. b) Koch, A.: Lamberth, C.: Wetterlich, F.: Giese, B. J. Org. Chem., 1993.58. 
1083. c) Beckwith, A. L. J.; Duggan, P. J. J. Chem. Sot., Perkin Trans. 2, 1993, 1673 and 
references therein. 
For related abstractions of H-5 in glucose derivatives see: De Mesmaeker, A.; Waldner, A.; Hoffmann, 
P.: Winkler, T. Synlett., 1994, 330 and references therein. 
Prepared from tetrahydrofurfuryl alcohol, isoprene and NBS. 
Newcomb, M. Tetrahedron, 1993,49, 1151 and references therein. 

(Received in USA 28 June 1994; revised 12 July 1994; accepted 20 July 1994) 


