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Abstract: 0-(2,3,4-Tri-O-acetyl-a-L-fucopyranosyl)-~chloroacetimidate 1 fur- 
nished with acetyl protected UMP, AMP, and GMP derivatives 3a-c directly a$ 
anomeric mixtures of the corresponding nucleoside monophosphate fucopyranoses. 
Immediate deacetylation led to the unprotected target molecules 4adp-4cdfi. The 
anomeric mixtures of Iba/fl and 4ca/p were separable by preparative HPLC: thus. 
the desired GMP-g-fucose (4cj3) was obtained in pure form. 

An important direct nucleophilic substitution reaction carried out in nature is 0- and N-glycoside bond for- 

mation at the anomeric carbon atom of sugars 2.3). At this activated position as leaving groups phosphates, pyro- 

phosphates and their nucleoside and lipid monoester derivatives are utilized 2-4). For instance, for aldoses gene- 

rally nucleoside diphosphate and for 3-deoxy-2-glyculosonates (KDO, NeuAc) nucleoside monophosphate deri- 

vatives, respectively, are encountered as glycosyldonors in glycosyltransferase reactions. It remains to be shown, 

if the different leaving groups are means for accommodating the reactivity of the glycosyl donor to other para- 

meters, for instance, acceptor reactivity, medium, and/or active site of the glycosyl transfemse. Therefore, 

nucleoside monophosphate derivatives of aldoses are interesting target molecules. The recent interest in enzyma- 

tic fucosylationss6) where g-linked GDP-fucose is the fucosyl donor 6~~1 was reason to concentrate on the synthesis 

of the corresponding GMP-P-fucose; however, anomerisation to the more stable a-anomer at any intermediate 

stage of the synthesis had to be taken into consideration in this case. 
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The ease and stereoselectivity in direct glycosyl phosphate formation from O-glycosyl-trichloroacetimida- 

tes and phosphorous acid derivatives (as shown for the a-trichloroacetimidate of glucose in Scheme 1) adds to 

their usefulness as widely applicable glycosyl donors 3.7-g). Therefore, this method was chosen for obtaining the 

target molecules. Depending on the anomeric configuration of the trichloroacetimidate moiety both anomers can 

be often obtained by inversion of configuration (Scheme 1, R = Bn); also neighboring group participation of pro- 

tective groups in 2position leads to anomeric stereocontrol 6.9) (Scheme 1, R = AC). Therefore, 0-acetyl protected 

0-a-fucosyl-trichloroacetimidate 1 was required as starting material which was readily obtained from L-fucose in 

a three step procedure7) (Scheme 2). 

Nucleoside monophosphates are commercially available as disodium salts (2). However, according to 

Scheme 1 the acid of 2 soluble in dry aprotic solvents is required for this reactiong*tc). To this end, a so- 

dium/proton exchange was carried out in compounds 2a-c and acetylation with acetic anhydride in pyridine led to 

the required protected derivatives 3a-cl’). These compounds could be isolated practically pure and in high yields 

(3a: 91%; 3b: 91%; 3c: 84%)t*). Reaction of trichloroacetimidate 1 with UMP derivative 3a in dry THF at room 

temperature furnished directly the desired 0-acetyl protected UMP-fucose; however, due to the long reaction 

times needed for completion of the reaction (- 24h) partial anomerisation of the firstly formed p-product to the a- 

anomer occurred. Thus, after subsequent base catalyzed removal of the acetyl protective groups with trie- 

thylamine in methanol/water a 1:1-mixture of UMP-fucose 4aa and 4ap (60% yield) was obtained as triethyl- 

ammonium salts by preparative HPLC (Merck, LiChrospher 100, RP 18; eluent: 0.05 M TEAB in H,O/CH,CN = 

99: 1). Reaction of O,N-acetyl protected AMP derivative 3b with trichloroacetimidate 1 under the same conditions 

led even to faster anometisation thus providing AMP-a- and -p-fucose (4ba/P) in a 2:l ratio (yield: 45%); the 

anomers could be separated by preparative HPLC with the system described above. Because the p-anomer of 

GMP-fucose 4cfi was the desired product for biological testing the reaction time for the reaction of O,N-acetyl 

protected GMP derivative 3c with 1 was reduced to 2 h; this resulted in a lower yield of 4co# (34%), however, in 

a more favorable a$-ratio (2:5). Compounds 4ca and 4cl3 were again readily separable by preparative HPLC as 

described above, thus furnishing the desired GMP-P-fucose 4cj3 in pure form. The structures of the final products 

were assigned by NMR and mass spectral datatz). 

REFERENCES AND FOOTNOTES 

1. This work was supported by the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen In- 
dustrie.- Glycosylimidates, Part 53. Fort Part 52, see D. Qiu, R.R. Schmidt, Liebigs Ann. Chem., sub- 
mitted for publication. 

2. M. L. Sinnott in Enzyme Mechanisms (Eds. MI. Page and A. Williams), The Royal Society of Che- 
mistry, London 1987, p. 259-297; F. M. Westheimer, Science 235 (1987) 1173. 

3. R. R. Schmidt in Carbohydrates - Synthetic Methods and Application in Medicinal Chemistry (Eds. A. 
Hasegawa, H. Ogura, T. Suami), Kodanasha Scientific Ltd., in print. 

4. Transglycosidation is another means for biological glycoside bond formation, see for instance, J. W. M. 
Heemskerk, T. Storz, R. R. Schmidt, E. Heinz, Plant Physiol. 93 (1990) 1286. 

5. S.-i. Hakomori, Ann. Rev. Biochem. 50 (1981) 733; Cancer Res. 45 (1985) 2405; Chem. Phys. Lipids 42 
(1986) 209; E. V. Dyatlovitskaya, L. D. Bergelson, Biochim. Biophys. Actu 907 (1987) 125. 

6. U. B. Gokhale, 0. Hindsgaul, M. M. Palcic, Can. J. Chem. 68 (1990) 1063. 

7. R. R. Schmidt, B. Wegmann, K.-H. Jung, Liebigs Ann. Chem. 1991, 121. 

8. R. R. Schmidt, Angew. Chem. 98 (1986) 213; Angew. Chem. Znt. Ed. Engl. 25 (1986) 212. 



1588 

9. R. R. Schmidt, M. Stumpp, J. Michel, Tetrahedron Lett. 23 (1982) 405; R. R. Schmidt, M. Stumpp, Lie- 
bigs Ann. Chem. 1984, 680; R. R. Schmidt, H. Gaden, H. Jatzke, Tetrahedron Lert. 31 (1990) 327; and 
references therein. 

10. M. Stumpp, Dissertation, Univ. Konstanz, 1985. 

11. Acetylated nucleoside salts have been already prepared: M. Marian, Microchem. J. 29 (1984) 219; D. H. 
Rammler, H. G. Khorana, J. Amer. Chem. Sot. 84 (1962) 3112. 

12. Values of $+ (250 MHz), and L&I (161,7 MHz, 85% HsPO, external standard) were measured for solu- 
tion in D20. 

3a: S, = 7.71 (d, J5,6 = 7.5 Hz, H-6), 5.97 (d, J,:, = 4.1 Hz, H-l’), 5.75 (d, J5,h = 7.3 Hz, H-5), 5.24-5.31 

(m, H-2’, H-3’). 4.26-4.35 (m, H-4’), 3.88-4.04 (m, H-5’,, H-5’,), 1.92, 1.98 (2s, 6 H, CH,CO); 3b: 8.58 

(s, H-X), 8.51 (s, H-2), 6.32 (d, J1’,2’ = 5.8 Hz, H-l’), 5.63-5.70 (m. H-2’), 5.52-5.55 (m, H-3’), 4.49-4.52 

(m, H-4’), 4.00-4.11 (m, H-5’,, H-5’,), 1.93,2.09, 2.22 (3s, 9 H, CH,CO); 3c: 8.05 (s, H-8), 6.06 (d, J1q,2 

= 6.2 Hz, H-l’), 5.78 (dd, J1’,T = 6.2, J2’,3. = 5.5 Hz, H-2’), 5.50 (dd, J2’,3’ = 5.5, J,:,. = 3.5 Hz, H-3’), 4.39 

(m, H-4’), 4.00 (m, H-S, H-5’,), 1.19, 2.04, 2.10 (3s, 9 H, COCH,); 4aa,J3: S, = 7.74-7.80 (m, 1 H, H- 

6a, H-6!3), 5.77-5.81 (m, H-5, H-l’), 5.30 (dd, 510D,2” = 3.5, J,.,P = 6.6 Hz, 0.5 H, H-l’a), 4.62 (br.s, HOD, 

H-I’D), 4.15-4.25 (m, H-2’, H-3’), 3.95-4.10 (m, H-4’, H-5’,, H-5’,), 3.27-3.75 (m, H-2”, H-3”, H-4”, H- 

5”), 3.03 (q, J = 7.3 Hz, NCH2CH3), 1.02-1.17 (m, H-6”, NCH2C&); aP = -0.92, -1.11; 4ba: S, = 8.26 

(s, H-8), 8.02 (s, H-2), 5.91 (d, J,s,T = 5.9 Hz, H-l’), 5.21 (br.d, JIfsP = 6.8 Hz, H-l”), 4.71 (dd, J,u,T = 

5.9, J2’,3’ = 5.0 Hz, H-2’), 4.36 (dd, J2’,3+ = 5.0, J,:,+ = 3.1 Hz, H-3’), 3.87-3.92 (m, H-5’,, H-5’,), 3.26-3.51 

(m, H-2”, H-3”, H-4”, H-5”), 3.00 (q, J = 7.3 Hz, NCH&H,), 1.07 (t, J = 7.3 HZ, NCH$X,), 0.75 (d, 

J5,,,6” = 6.5 Hz, H-6”); aP = -0.80; 4bp: s, = 8.30 (s, H-8), 8.02 (s, H-2), 5.93 (d, J1’,2’ = 5.9 Hz, H-l’), 

4.63 (br.s, HOD, H-2’), 4.54 (dd, J,.,,, = J,,,,, = 7.7 Hz, H-l”), 4.34 (dd, J2’,3e = 4.5, J,,,,. = 3.2 Hz, H-3’), 

4.18-4.23 (m, H-4’), 3.92-4.00 (m, H-5’,, H-5’,), 3.20-3.50 (m, H-2”, H-3”, H-4”, H-5”), 3.01 (q, J = 7.3 

Hz, NCH@$), 1.08 (t, J = 7.3 Hz, NCH@,), 0.81 (d, J 5”,6” = 6.3 Hz, H-6”); aP = -1.07; 4~: S, = 

7.95 (s, H-8), 5.79 (d, JY,r = 6.1 Hz, H-l’); 5.29 (dd, J,<n,z. = 2.9, J,ssg = 7.1 Hz, H-l”), 4.75 (dd, J,:2 = 

6.1, J2’,3’ = 4.8 Hz, H-2’), 4.40 (dd, J2’,3’ = 4.8, J3’,4’ = 3.3 Hz, H-3’), 4.19 (m, H-4’), 3.95-3.98 (m, H-5’,, 

H-5’& 3.43-3.73 (m, H-2”, H-3”, H-4”, H-5”), 3.06 (q, J = 7.3 Hz, NCH,CH,), 1.14 (t, J = 7.3 Hz, 

NCl$CH3), 0.86 (d, JYT6” = 6.5 Hz, H-6”); 6, = -0.77; 4cp: $, = 8.01 (s, H-8), 5.81 (d, J1’,? = 6.5 Hz, H- 

l’), 4.57-4.73 (m, HOD, H-2’, H-l”), 4.38 (dd, JTsY = 5.2, JY,J = 3.2 Hz, H-3’), 4.21 (m, H-4’), 4.01 (m, 

H-5’,. H-5’& 3.30-3.60 (m, H-2”, H-3”, H-4”, H-5”), 3.07 (q, J = 7.2 Hz, NCX~CH3), 1.1 (t, J = 7.2 Hz, 

NU-Q&), 0.94 (d, JY,#n = 6.4 Hz, H-6”); s, = -0.77. 

(Received in Germany 21 November 1991) 


