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NUCLEOSIDES & NUCLEOTIDES, 6(1&2), 233-237 (1987) 

Hichael Bodenteich, K u r t  Faber, Gerhard Penn and Herfried Griengl- 

In s t i t u t e  of Organic Chemistry, Technical University Graz, 
Stremayrgasse 16, A-8010 Graz, Austria. 

Abstrad: Sta r t ing  from (+)-ende5-norbornen-2-yl acetate  (1) 
(- 1- 1 4  (1 R,3R,4K,-3-hydroxy-4-hydroxymethylcyclopentyll- 1 H,3Epyrimidine- 
2,4-dione ( 7 )  was synthesized in  a 6-step sequence. 

Carbocpclic analogues of nucleosides have been the  topic  of a var ie ty  
of investigations’-5 i n  the  last years.  The majority of compounds synthe- 

sized w e r e  racemic and only a few enantiomerically pure carbocyclic 
nucleoside analogues have been obtained e i t h e r  by chemoenzymatic approach2, 
by multistep synthesiss o r  by enzymatic resolution of t h e  monophosphate of 
racemic arlsteromycinA. As expected, i n  t h e  case of aristeromycin only the  
(-)-enantiomer, mimicking the natural  configuration of adenosine, showed 

a n t i v i r a l  a c t i v i t y  while t he  corresponding (+I-enantiomer was completely 

inactive.  
Making use of our recently published enzymatic resolution of 

racemic l7 we developed a shor t  and e f f i c i en t  synthesis  leading t o  

carbocyclic nucleoside analogues of (- 1-conf iguration, being equivalent t o  
the  natural  occuring nucleosides. The syn the t i c  sequence as shown i n  scheme 

1 was published f o r  the racemic compound i n  a preliminary communication’. 
We want t o  r epor t  here the  application of t h i s  approach t o  the  

synthesis  of (- ) - 1-1 (1 R,3R,4 R) -3-hydroxy-4-hydroxymethylcyclopenty ll- 1 H,3 H- 
pyrimidine-2,4-dione ( 7 ) :  Ozonolysis of (+)-17 (enantiomeric puri ty  82%) 

followed by reductive workup’ using LiAlH4 furnished t r i o 1  2 i n  912 yield.  
Selective protection via t ransacetal isat ion with benzaldehyde dimethyl- 
acetal/HBF.’O gave quant i ta t ively the  benzylidene acetal 3. Oxidation of 

t h i s  material using pyridinium dichromate (PDC) i n  DMF” led t o  the  
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ENANTIOMERICALLY PURE CARBOCYCLIC NUCLEOSIDES 235 

carboxylic acid 4 as a sirup (yield >90%). A neat sample of this acid 

crystallized spontaneously after some days of storage showing an enhanced 
optical rotation, which corresponds t o  >98% optical purity. Tramformation 

of the sirupy material (82% e.e.) t o  the urea derivative 5 was achieved by 

successive treatment with ethyl chloroformate and Ballo, followed by Curtius 

rearrangement in benzene and trapping of the intermediate isocyanate by 

addition of gaseous Mia. Acylation of 5 wlth ethoxyacryloyl chlor1del2 led 

t o  intermediate 6. Finally, cyclisatioa under acidic conditions and 

simultaneous removal of the protective group frmiahed ? ([alD20 -55O, 82% 

e.e.1 which could be obtained optically pure by a rmgle recrystall isation 

( [aloZo -67O). 

Experimental Section 

Brltinp points uerr drtrrminrd on a Toltoli rpprratur (Biichi) and arr uncorrected, 
dnalytical TLC uos performed on flrrck 60 F2S4 silica gf l  plates, Bedium pressure column 
ChrOlatOgr8phy uas carried out on silica g t l  Rrltk 68, 230-400 mesh, 'H-NflR (90 flHz) and 
"C-NflR (23 flHz) spectra were recorded on a Brvkrf YH-96 spectromrtrr with TflS as internal 
standard, chrrical shifts ( 4 )  ara reported in ppIFi U$lirrl rotation values were determined 
on a Prrkin-Elmer 141 polarimeter, 111 solvents weiU 6ti.d fnd distilled before use, 

( - ) - (  1 R, 3R,ib-4-Hydroxyeycloprntane-l,3-dimethanol (2). 

Through a solution of (+)-~nd~S-norbornrn-2-yl acrtatr (1) (7,74, 5lrmo1, 82h,r, 1 in 
400 a1 of methanol at - 7 O O  ozonr was bubbltd until thr mixture turned blur (about 2h). 
ExCrss ozone was removed by a strram of dry Na,  Thr solvent was rvaporatrd i n  u C U 0  at 
room ttmperaturi, lest traces wrrr rrmovrd r t  (O,lmbrr, Thr rrmaining foam was dissolvrd 
in THF (100ml) and rdded dropuisr uith stirring I 0  a coolrd (-3OO) SulpOnSiOn of LiAlH. 
(7,7g, 200mmol) in 400111 of THF, Uhrn the rrrcl.iOn rrrsrd thr rlxturr was heated at rrllux 
for Ih, Quenching was accorplirhrd by cautious addition of srturatrd aqurous flgS04- 
solution (29ml) at -loo and stirring was continued f6r 24h, Thr precipitate was filtered 
and extracted with boiling THF for 30ain, Evaporation Of the combined organic phase 
yielded 6,43g of  2 (91x1 as a colorlrsr oil, An analytical rraple war obtained by 
chroratography (CHCldleOH 9:l v/v); [a1020 - 2 6 O  ( c  4.95, fleOHj, 'H-NHR (OHSO-da): 0,9- 
1 I 9(m, 6H, H - l  , H-2, H-3, H-51, 2,94(d, J 4 H z  ,2H, CIAH), 3.11 (dd, J.10 and 4HZ, 2H, C M H )  , 3 3- 
3,9(n,4H,H-iIOH), "C-NflR (DHSO-d.1; 29,9, 38,2, 39,0, 47 ,7 ,  61 ,O, 66,1 ,  71,6, 

(-I-( 1 R, 6 4  8A)-3-Phrnyl-2,4-dioxabic ye loti, 3,Olnonanr-8-methanol (3), 

TO a rolution o f  trio1 3 (6,14, 42rrol) in 70d of  DHF brntaldrhydr dinthylrcrtal (7,40, 
7,3111, 48rrol) and HBF4 (O,3ml, 54X in ether) wrrr added succrssively, The rrrCtiOn was 
monitorid by TLC (toluenr/ethyl acetate 4:l v/v) and qurnchrd aftrr COrplrtiOn (about 2h) 
by addition of NEta [lbl), The solvents wire rvaporatrd and thr rrsidur 18s partitionrd 
betwen r t h e r h t e ? ~  After rrextraction of thr aqurous phase the combined organic phase 
was dried ( N a Z s o d  and takrn to dryness, The rrmrining o i l  *as coevaporatd twice with 
tdU@n@ and last traces of solvent were ,reroved in vacua ((0,Irbar) at SOo to give 9,7g of 
3 (99s) as an oil, An analytical s~rple was obtained by chromatography (tolwwlethyl 
acetate 4:1 v/v), [~1030 -17' (C 6,0,  flrOH), 'H-NIIR (CRls): 1,6-2.2S(r,6H), 2,6(~ 
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236 BODENTEICH ET AL. 

br, lH,OH), 3,6l (d, J=6Hz,2H,H-5), 4,13(s br,2H,CHAH), 4.2-4,35(r, IH,H-l), 5,43(~, lH,H-3), 
7,15-7,4(m,SH,ar-H), 'T-NNR (CDCls): 28,5, 36,5, 39,5, 40,0, 67,2, 67,4, 80,0,  100,9, 
125,4, 126,2, 128,4, 129,0, 138,0, 

( - I - (  1 R, 6 R ,  8R)-3-Phenyl-2,4-dioxrbicyc lot4,3,Olnonane-8-carboxyl ic  acid (41, 

PDC (22,5g, 6 0 ~ 0 1 ,  3,519,) wan added to a solution of 3 (4.09, 17mmol) in 3011 of DNF, 
Af te r  stirring for Sh tnonlterrd by TLC, CHC131MeOH 9:l vlvl the mixture was poured into 
300111 of water and e x t r a t M  repeatedly with ether, The organic phase was dried (NarS04) 
and evaporated t o  give 3,99 of  4 (93%). An analytical sample was prepared by 
chromatography tCHCl3lHeOH 9:) vlv), [aido - loo ( c  4.9, NeOH), 82%e,e, Prolonged StOrDgl 
of the latter led to spontaneous crystallisation yielding material which showed enhanced 
optical rotation t a 1 ~ ~ O  -12,7O, (c 5.4, MeOH), )98%e,e,, mp 1 0 4 - 6 O ,  'H-NHR (DMSO-de): 1 , 9  
2,8(*,6H),  4,l(s brl2H,H-5), 4.3(s br,lH,H-l), S,4(sIlH,H-3), 7,1S~slSH,ar-H~, I 1  ,S(s 
br , 1 ti, COOH 1 ,  

( -  1-N- L ( 1 R, 6 R,8Rl-3-Phenyl-2,4-dioxrbi c y t  lo[ 4,3,Olnon-8-y 1 1  urea (5), 

To a stirred solution o f  4 (3,779, \$ati@l) in acetone (80nl) was added NEt3 (2,34m1, 
18rrol) and ethyl chlorofornrtr (1,69h1, 18mmo1) at -70° successively, The mixture was 
alloued to reach -40° whrre it vbB kept for 30min and then treated with saturated aqueous 
NaN3 solution (la4g, 24wol) bt -loo for forin, It wan then poured into cold brine and 
extracted uith CHaCla, the organic layer was dried (Na2S0.) and evaporated to give an Oily 
residue uhich wan dissolved in benzene and heated at reflux for 30nin followed by 
treatment with gaseous NH3, Column chromatography (CHCIJINeOH 9: 1 v/v) furnished 2,3g Of 
the crystalline urea derivative 5 (Sex), Attempts to enhance the optical purity by 
recrystallisation fror 2-propanol were unturcersful, ap 166-8OI taloao -lSa ( c  4 , 2 ,  
MeOH), 'H-NMR (acetone-d.1: 1 ,2-2, Urn, SH) , 3 ,8 -4 ,3 (mI  4H,H-1, H-5 ,H-8),  6,25( s br I 2H, NHa) , 
5,3541,l H, H-31, 6,84(d, J.8, SHz , IH, NH) I 7,1-7,4(r,SH, ar-HI , 
(-)-3-Ethoxy-N-(N'-t( 1 R,6R,8A)-3-phrnyl-2,I-dioxbblcycloI~,3,Olnon-8-yll-c~rbaroyl~ 
propenamide (61, 

To a stirred suspension of urea 
ethoxyacryloyl chloride" (0,929, 6 , 9 ~ o l )  was rdded and stirring wan continued for 24h, 
A f  ter partitioning betuem CHAlz/rater the organic phase urs dried (Nr2S01) and taken t o  
dryness. The residue uas purif ied by colurn chromatography (toluenrlethyl acetate 1 : 1 VlV) 
to give 1 , 3 4  (821) of 6 as a foar,  tdDao - ] , a 0  ( c  2.9, CHaCld, 'H-NNR (OMSO-dd: 

5,5O(d, J.1 3H2, 1 H, CD-CbCH-1 I 7,1-7,6(r,SHl rr-H) I 7,60(d, Jm13Hz I 1 HI  CO-CH*CH.), 
8,8 ( d, J=8Hz , 1 H , NH 1 I 1 0 , O( s I 1 H , NH 1 I 

( \  ,2gl 4.6arol) In pyridine (311) and C H C h  (10~1) 

1 ,25( t, J m Z ,  3H , CH3), I 45-2,6( B, 5H) I 3,85-4, 5(~,6H ,O-CHICHs ,H-l , H-5 ,H-B), 6 4S(r I IHtH-3) 

(-1-1 -t  ( 1 R, 3R, 4 R)-3-Hydroxy-4-hydroxynrChyl tyc lopentyll-1H, 3Hpyr iridine-2, 4-dime ('7) I 

A suspension o f  6 (0,329, 0,Snrol) in 1011 of 21VW2S0. uas heated a t  80-5O f o t  2,Sh, The 
PH of  the resulting solution WM adjusted near 7 by addition of dil, NrOH and Me Solvent 
was removed i n  vacoo, The -8ollU residue was extracted tuice uith hot ethanol (2081 each) 
followed by column chromatography (CHC13/kOH 6:l v/v) yielding 0,ISg (74%) of 7 ,  IQID'~ 
-55' (c=l,4, k O H )  e,r,=821, A single recrystrllisation from 2-propanol raised thr optical 
rotation to [aloao -67O (c 0.7, MbOH) e.e,)98%. mp 183-5O [IitG; 155-7O (raceric)I, 'H-NM 

5 ,  I (n ,  IH, H-1 I 1, 5,65(d, J=8Hz, 1 H ,  H-5) , 7,3(r, 1 H I OH 1,  7,98(d, J=8Hz, 1 H, H-61, 
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