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Abstract:  The synthesis ofNL[(1S, 3R)-3-(hydroxymethyl)cyclopent-l-yl]inosine (11) 

via a cyclocondensation route is reported. Regioselective bisphosphorylation of the 

primary 5'-hydroxyl groups leads to a carbocyclic, inosine analogue ofseco adenosine 5'- 

diphosphate ribose (3). © 1997 Elsevier Science Ltd. 

Cyclic adenosine 5'-diphosphate ribose (cADPR, Fig.l ,  1), a naturally occurring metabolite of nicotin- 

amide adenine dinucleotide (NAD*), is a candidate second messenger that mobilises Ca 2÷ from non- 

mitochondrial stores in a variety of mammalian and invertebrate tissues. 1 The compound is not only of 

pharmacological interest, being more effective than, and working independently of inositol trisphosphate in 

mobilising internal stores of Ca 2+ in sea urchin eggs, but is also of chemical interest since it provides the first 

example of an unusual and new cyclic nucleotide. 2 A recent report has demonstrated that cADPR plays an 

important role in the Ca 2+ entry process in T-lymphocytes) The N6-ribosylated cyclic structure first proposed 4 

has been corrected to N1 on the basis of  UV spectroscopic s results and X-ray crystallography. 6 
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The NAD + cyclising enzyme, cADPR cyclase, is isolable 7 and has fairly loose substntte specificity so that 

structurally modified analogues of cADPR have been obtained by chemo=enzymatic synthesis involving 

preparation ofNAD + modified in the purine ring and enzyme mediated internal ribosylation at the Nl-position. s 
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Such analogues have provided valuable pharmacological tools for probing the mechanism of cADPR modulated 

Ca 2+ signalling pathways. 9 The chemical conversion ofNAD + to cADPR by treatment with sodium bromide in 

DMSO has also been reported but offers no advantage over the enzyme mediated cyclisation and has not yet 

found application to the synthesis of  cADPR analogues. ~° Other synthetic approaches to cADPR rely on the 

early, direct ribosylation of adenosine base moiety under either enzyme mediated II or phase transfer conditions n 

but are likely to be of  limited value for the preparation of base modified cADPR analogues due to the need to 

individually develop and establish the correct regio- and stereoselectivity. This kind of problem is notably 

illustrated by the enzymatic or chemical conversion ofNGD + to a product ofribosylation at the N7-positi0n 13. 

Since the nitrogen-carbon bond (at N1) in these types of  compounds is also the site of  a rapid, in vivo, 

enzymatic degradation that limits the pharmacological value of these analogues t4 we sought a synthesis of the 

carbocyclic analogue of cADPR (Fig.l, 2) as the first step in establishing a general, total, regio- and 

stereoselective chemical synthesis of  compounds of this type. A different, carbocyclic analogue, in which the 

sugar in the lower part of  the molecule is changed, has been derived from chemo-enzymatic manipulation of 

aristeromycin in this laboratory and has shown encouraging results as a long lived partial agonist in sea urchin 

eggs. ~ Condensation type reactions used for the synthesis of  a variety of nucleosides and in particular for the 

preparation of Nl-alkylated adenosines and inosines xs not only offer control over the site and stereochemistry of 

alkylation by incorporation of amine into purina ring synthesis but can also provide the multigram amounts of 

material needed in order to tackle the central synthetic challenge of phosphorylation and cyclisation. Herein we 

report our initial results concerning the preparation and phosphorylation of a Nl-(carbocycle)alkylated inosine 

(11) TM leading to an inosine analogue ofseco ADPR (Fig.l, 3). 

A carbocyclic amine of defined stereochemistry was derived by manipulation of (1R, 4S)-2-aza- 

bicyclo[2.2, l]hept-5-en-3-one (4, Scheme I). tv 
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Scheme 1 

Optically pure methyl (IS, 4R)-4-acetamido-~clopent-2-ene-l-carboxylate (5), a precursor to the allylic 

aminoalcohol used in the preparation of aristeromycin, was obtained by transformations first used by V'mce et 

al.~' and later by Roberts et al.~9 The selective reduction of the ester group to homoallylic alcohol is known but, 

after inserting an alcohol protection step (as benzyl ether), we, unlike these authors, found that the continued 

presence of the double bond led to complications in the hydrolysis of  the amide group for the large scale 

isolation of allylic amine. Our best reaction conditions employed aqueous trifluoroacetic acid in THF at reflux 

and although this facilitated the isolation of the amine ~, epimerisation at the adjacent carbon centre also occured. 

Thus a modified reaction sequence (5 through 7) involving the early removal of  the carbocyclic double bond by 

hydrogenation was employed. 
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The preparation of various N-[5-amino- 1 -(13-D-ribofuranosyi)imidazole-4-carbonyl]amino acids from 5(4)- 

amino.4(5)-imidazolecmboxamide (AICAR) reported by Srivastava et al.zt provides the basis of  a route to NI-  

alkyleted ino~'aes by substitution of amino acid for 1 ° amine and ring closure to purine by reaction with triethyl 

orthoformate (Scheme 2). Thus, manipulation of AICAR led to a key mixed hydroxamic acid anhydride (8) 

whose treatment with carbocyclic amine (7) in dichloromethane led rapidly to the 1 ° amide (9). Cyclisation to 

Nt-[(1S, 3R)-3-(benzyloxymethyl)cyclopentan-l-yl]inosine 2 ' , Y , 5 ' - O - ~ e  (10) required the forcing 

conditions of triethyl orthoformate in DMF at reflux but proceeded in good yield (71%). (The more usual 

conditions of triethyl orthoformate in acetic anhydride at reflux led only to the formimino ether). The 

stereochamical integrity of  the cyclised material was established by tH NMR, 111 and UV spectroscopy as well as 

by supercritical liquid chromatography in comparison with the stereoisomers derived from the eyclisation using 

epimerised allylic amine. Deprotection of the alcohol protecting groups was performed in a two step process 

involving first hydrogenolysis of the benzyl group on palladium-carbon (88%) and then hydrolysis of acetate by 

ammonia in methanol (90%) and gave the novel NI-[(IS, 3R)-3-(bydroxymetbyl)cyclopent-l-yl]inosine (11). 
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The selective bisphosphorylation by phosphoryl chloride of  1 ° hydroxyl in the tetraol (11) was achieved by 

the method of Sowa and Ouchi 22 which was particularly successfid for this purpose. The bisphosphate (3), which 

was isolated as the triethylammonium salt after ion-exchange chromatography (65%, Sepharose Q) and 

converted to the free acid by Dowex 50X (H ~ form), is characterisad by two triplets in the 31P-tH coupled N'MR 

spectrum. There was no evidence for in s/tu ring closure to pyrophosphate under these reaction conditions or 

those of Yoshikawa 23 as determined by high field 31p NMR of the crude reaction mixture. 

In conclusion, therefore, we have estabfished a synthesis of gram quantities of  a seco bisphosphate related 

to cADPR and can now address the difficult problem offing closure by pyrophosphate bond formation. 24 Studies 

directed towards this end are in progress in this laboratory and will be reported in due course. The eventual 

modification of the carbocycle to include cis-bydroxyl functionality ~ and the substitution of carbocyclic amine by 
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the inherently more sensitive ribosylamine or other sugar amine is also envisaged. Such structurally more faithful 

enalogues should serve to throw further light on the presently unknown nature of  the receptor for cADPR and 

those that exhibit greater hydrolytic stability than cADPR are likely to be of  significant pharmacological value. 
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