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Abstract- A carbon-linked analog of cytidine monophospho-N-acetylneuraminic 

acid (CMP-NANA) was synthesized as the degradation resistant inhibitor for 

~ial~ltransferases. The compound is the first example of synthetic CMP-NANA 

analog that exhibited inhibitoly effects on the activity of GM3 and GD3 synthases. 

des are the family of si; dylated glycosphingolipids that are especially abundant on neuronal cell 

surfaces, and their biological roles have become increasingly appreciated, particularly in regard to cell 

growth, intercellular adhesion, and transmembrane signaling (reviewed in ref. I). Sialyltransferases 

catalyze the transfer of sialic acids which are the characteristic component of gangliosides. The cDNA 

cloning of sialyltransferases has been recognized to be a major subject of glycobiology, and an important 

member of these enzymes in the ganglioside biosynthesis, GD3 synthase, has been cloned very recently. 2 

The study of site-specific mutagenesis suggested that the conserved region between sialyltransferases, the 

sialyl-motif, appears to participate in binding of the common donor substrate CMP-sialic acid.3 Therefore, 

the analogs mimicking the structure of donor substrate cytidine 5'-monophospho-N-acetylneuraminic acid 

(CMP-NANA) (1) is obviously useful for the development of bioactive compounds which potentially 

regulate the biological pathway of ganglioside synthesis. In this paper, we describe the synthesis and 

characterization of a novel carbon-linked CMP-NANA analog (2). 
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RESULTS AND DISCUSSION 

Synthesis. By deleting the biologically labile phosphate bond, the truncated analogs of CMP-NANA 

were already reported as synthetic inhibitors for s ia~~ltransferases.~ 5 We designed a cytidine derivative 

modified at 5'-position where a two carbon unit is constructed in place of the phosphate linkage of cytidine 

6 monophosphate. This compound (5) was synthesized from the 5'-aldehyde (3) as shown in Scheme 1. 

The Wittig reaction of 3 with carboethoxymethlenephosphorane gave an olefinic ester (4) in 94 % yield. 

After hydrogenation of 4 with PdIC (93 %), the deprotection of N-acetyl group (79 %) followed by 

I reduction of the ester with LiAIH4 (88 %) and the selective reprotection of amino group afforded the 

desired nucleoside (5) in 63 % yield.8 This compound was subjected to the selective P-glycosylation with 

9 a dibromide (6) to give a cytidine-NANA conjugate (7) (43 %). From an empirical rule based on the J- 

value between H"-7 proton and HV-8 proton (J = 2.0 Hz) and the difference of chemical shifts between two 

H"-9 protons (0.91 ppm) of the sialic acid moiety,1° the introduced glycosidic linkage of 7 was determined 

as P-configuration. The reductive debromination of 7 gave 8 (93 %) which was sequentially deprotected to 

result the carbon-linked CMP-NANA analog (2) in 42 % yield. 8 

Scheme 1 NHAc Ny i) Hz-Pd/C, EtOH, 
room temperarure ,12 h '""3 i i )  NaOEGEtOH, 

Ph3P=CHCOzEt room temperarure, 1 h 
CH2C12, room temperamre iii) LiAIH4-THF, 

0 0 
room temperarure, 3 h 

k0 3 
NHAc 

A iv) Ac20, DMSO - H 2 0 ,  60°C. 2 h A 5 

AcO Br 6 
D 

AgOTf, toluene-MeN02, 
room temperarure. 3 h 

'3 i) 90% TFA - CH2C12, 
room temperarure, 3 h 

i i )  KOMe,MeOH -THF, 
AcNH room temperarure, 1 h 

AcO R 0 0 iii)  0.2 M aq. NaHC03, 
A room temperarure, 2 h 

7 :  R = Br -J (n-Eu)3SnH, 
8: R = H benzene, reflux, 0.5 h 

Sialyltransferase assay. GM3 synthase and GD3 synthase catalyze different type of sialyltransfer, 

2,3- and 2,8-sialylation, respectively, and are recognized to be potential candidate as a key regulatory 
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enzyme in the step of ganglioside biosynthesis.ll Thus, the inhibitory activity of 2 for these typical 

sialyltransferases was examined with rat liver Golgi.12 Lactosyl ceramide and GM3 were used as acceptor 

substrates (0.3 mM) for GM3 and GD3 synthases, respectively. The competition between CMP- 

[ ~ H I N A N A  (0.35 mM) and 2 (21 mM or 35 mM) was determined and the results are listed in Table 1. The 

inhibition of GM3 and GD3 synthases with 2 was evident at near 10 mM concentrations and these values 

are higher in magnitude than well known inhibitors CMP, CDP, or CTP.I3 The phosphate bond deleted 

CMP-NANA analog4 also reported to show low inhibitory activity for sialyltransferases.14 but its 

resistivity against biological degradation is obviously useful.15 

Table 1. Competitive inhibition of sialyltransfer to lactosyl ceramide and GM3 

Acceptor glycolipid Inhibition of sialylation (%) 

[CMP-NANA] : [2] = 1 : 60 [CMP-NANA] : [2] = 1 : 100 

Lactosyl ceramide 2 2 2 6 %  3 5 + 2 %  

GM3 3 0 + 5 %  3 5 + 2 %  

In conclusion, the compound (2) is the first example of synthetic CMP-NANA analog that exhibited 

inhibitory activities for GM3 and GD3 synthases, and the inhibition was more effective to GD3 synthase 

than to GM3 synthase. Because of this selective nature of inhibition and the potential resistivity of carbon- 

linkage to degradation, 2 should be a useful tool to investigate the biological functions of gangliosides. 
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