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N-glycohydmlases = a large group of enzymes which function by catalyzing the hydrolysis of the C-N 

glycosidic linkage for their respective substrates. This class includes nuboside hydmbues, NAD 

glycohydrolases. ADP-ribosyl hydrolases, DNA glycosylases, and RNA glycosylases, which are known or 

implicated in pyrimidine and purine base salvage, regulation of the NAD pool, cellular regulation, DNA repair, 

and the action of plant toxins such as ricin, respectively.t Mechanistic study of these enzymes and 

c-on of their assccbd biology has lagged behind the ce of 0-glycohydmlases and 

would be facilitated by development of a general route to transition state analogue inhibitors. A cummon 

mechanistic theme for N-glycohydrolases is development of positive charge at the anomeric center in the 

transition state.2 As for some ~glycd~ydrolases,~ c+ionic transition states can be mimicked via exchange of 

nitrogen for the endccyclic ribosyl ring oxygen in the inhibitor. Reviously synthesized glycosylase inhibitors 

have focused on the sugar oxocarbenium moiety as the first order target of transition state mimicry. However, 

transition states for glycosyhtse reactions have to varying degrees, involvement of a depabg aglycon. Our 

mechanistic characterization and transition state analysisrdah of the purine salvage enzyme nucleoside 

hydmlase, lead to a transition state model for inosine hydrolysis in which the ribosyl residue has substantial 

positive charge, yet is experiencing interaction with the departing hypoxanthine ring. Compounds 1 and 2, 
(Scheme 1) utilize both charge and aglycon mimicry and are analogues of this transition ~tate.~ These 
compounds represent entry into a new class of C-nucleoside analog&” and demonstmte that simultaneous 
charge and aglycon mimicry in a glycosylase transition state analogue can provide better inhibition than simple 
analogues which only mimic the sxcharide residue. 
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We sought a convergent mh to 1 and 2 which used C-C bond formation between the hninorihitol 
and aglycon moieties as the key step. One way of achieving this construction is by addition of an orgaoometallic 
aglycon species to an imine, formally derived from damk4deoxy-D-ribose. Imines may be synthesized 
under&tivelymiklconditionsfmmN-haloaminesbybaoscntalyzedelimi~~ WeanticipatedthatK 
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Scheme 1 

(a) t_butyl di-hylgilyt &bride, B@‘J. cH$l2. I@) 10% I’d-C. H&30 psi). EKJH. (c) N- 

chlao9lecmimii pntaac, 30 min. (d) Lithii tummahyl p$aidb, THF, -78 “c, 30 min. (c) 2 4. 

PhMgBr, Et@, -78 “C, 30 min. Q 50% 4. WA, RT 12-16 h. (g) DOWCX 50X8-200 (H+ Finn) 

ch~W@@y. bal pH 7. wash H20, clule 5-1096 4 WOH.. amccnbW,lhcn1N4HCl.(h)n- 

BuLi, TFF. -78 “c, 1 h. then PhSSPh, -78 “C. 2 h. lhen RT. 1 h. (i) n-BuLi. THF. -78 “c, 45 min. (i) 

6. THF, -78 “C. 1 h. (k) Rancy nicW. EIOH, 70 “c. 30 min (I) 2N 4 HQ. 60-70” C. 20 h. 

halogenation of a protected pyrrokiine having the rihose hytixylation pattern,, followed by 
dehydrohalogenation under kinetic conml would regioselectively pnwide the desired imine. The requisite 
pyrrolidine 4 (Scheme I) contains the rcqukd rihose hydroxylatico pattern and can be conveniently prepared in 
multigramquantitiesfromtheknowncanpound3pbythcmthodofFleet.to Conversionof3ato4pmceAed 
in 92% overall yield by pmteckm of the 5-hydroxyl as its TBS ether, followed by removal of the N-benzyl 

protecting group by catalytic hydrogenation.’ 1 
Reaction of 4 with 1.2 equivalents of N-chlorosuccinimide in pentanet2 affokd ckan conversion to the 

N-chloro 5, as evidenced by TLC and NMR analysis of the crude product. Chlomamine 5 was subjected to the 
following two-step one-pot procedure because of the significantly lower yields obtained when the intermediate 
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imine6wassubjecttoqueouswukupaml/orsillcac hromatography. After chkuhration. 5 was idly 
treated with lithium mtmmethylpipuidlde (THF, -78 “c 15-30 mht).t3 The maction tixtum was concentrated, 
and tteated with PhMgBr (2 eq.. BQO, -78 “C, then RT,30 min). After qteous workup and chmmamgqhy 
(silica, 10~1 Hexan&XJAc) 7 was obtahmd in 64% yield, from 4.t4 The I-(S) stemochemistry for 7 was 
established by NMR analysis. ‘Ihe obsenred complementary nGe’s between Hl and H4, and the phenyl group 
andH-2couldonlyarisefromthe(S)epimer. Inasepamteteactkm,imine6wasptuifledbysilica 
chmmamgqhy (7:l HMtane/etoAc) after aqueous wotkup. The regiochemisuy for imine formation was 
established by observation of a doublet (lH, J=l.O) at 8.3 ppm which was assigned to the CH hydrogen of the 
imine double bond; the u&shed imine lacks this hydrogen. Dqmtecdon of7 (50% 4. TPA) provided 1 in 
76%yieldastheHClsalt, Compound2wps~bya~~analogoustothatusedforl,viaadditi~of 
lithiatedls imidaxole 9 (n-B&i. THF -78”) to 6 (THF, -78’ C), providing 10 in 26% yield. Imidaxole 9 was 

synthesized in 84% yield from previously mported 8 16~7 (n-BuLi, -78 Oc; PhSSPh). As for 7, the I-S- 
configuration obtained for 10 was established by di&mnce nGe experiments. Coqxnmd 10 was dqrotected 
by sequential treatment with Raney nickel, 50% aq. TFA, and 2 N HCl. to ptwide inhibitor 2.HCl in 57% yield 
from 10. Both protonated and unprotonated ibnns of 1 and 2 am stable in aqueous solution. Compounds 1 
and 2 show pKa’s of 6.5 and 5.2.8.7(imidaxole, pynolidine).~h 

Compound 1 was a competitive inhibitor of nucleoside hydmlase with a Ki of0.17 pM and it showed a 

slow onset tighter binding phase, with an estimated equililnium dissociation constant of 0.03 pMPb Compound 

2 was also a competitive inhibita, wlth an inhibition constant of 2.5 pMPb Both bind tighter than substrate 

inosine, with a Kd of 380 pM. Id Theimporeanceoftheaglyconfunctionality1*in1and2isundcrscoredby 

the ~atiot#b that the simple iminotibitol derived from compkte dcprotection of 3x10 which lacks aglycon 
functionality has an inhibition constant of 10 pM. Compounds such as 1 and 2 may be useful inhibitors of 

other N-glycohydrolases which proceed via transition states t&ted to that of nucleoside hydmlase. Gther 
applications may include affinity chromatography of N-glycohydrolases. and inoarporation into RNA and DNA 
to effect charge and/or covalent manipulation of the sugar-phosphate backbone. Since the 5’ TBS ether 

protecting group may be selectively mmoved with fluoride, synthesis of novel S-phosphorylated analogues of 1 
and 2 is under investigation. Nucleic acid bases have not been employed in coupling reactions with imine 6, as 
the present deprotection scheme woukl likely be incompatible with the labile pmduct aminal. ‘Ihe stmtegy 
employed in this synthesis for construction of the 1-substituted imino-rlbitols is curmndy being employed for 
synthesis of other new C-nu&oside and C-nucleotide analogues. 
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