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Fluonnared carbohydrates have atmacred conslderabie Interest in recent >esr~. 

mamly due to the fact that the muoduction of a Ruonne atom onto the carbohydrate 
nng can result m a dramatic change ITI blologrcal actrvlty’.’ UnllJe the naturalI) 
occumng. fluoro-sugar, nucleoslde-anrlbrotx nucleocldln’. which Inhibits protein 

synthesis by the pre\entlon of peptlde elongarlon’, the maJority of synthrrlcally 
prepared fluoro-sugar nucleosrdes are mhlbltors of DNA and RNA synthesis’ b. 
These compounds are potenhal antlwral and antltumour agents. and III some cases 
bn\e >hoMn a marhed growth-lnhtbltory effect on evperrmental turnours’ 

In a previous paper’, tie described the use of tiRuoro(fluorouy)methsne ior 
the stereospec.lEc mtroductlon of Buorlne at the branching point. of branched-cham 
sugars, and we now report the synthesis of p_ynmldrne nucleosldes from these sugars 

We also descnbe the use oftbe elegant reactton scheme developed by Relcbman et al ’ 
LO transform the 3-fluoro-glucofuranose den\atwe 9’ Inlo rhe 2-Euoro-arablno- 
iuranose denvatwe 14. Our interest !n the synthesis of compounds such as 14 stems 
from the observation that I-(2-deoxb f-2-fluoro-j3-D-arabrnofuranos~I)c_ytos~neq rnh!bIls 
the growth of L-1210 lymphold ieukemla In mice 

Aceiolysls of the fluoro sugar 1’ ittth aceuc anhydride-acetx acrd-sulphurrc 
acid gabe an anomenc ml\ture oi rhe acetates 2 and 3 llus ml\turz behaved as a 
srn_gle compound on t l.c., but the anomzrs were separated by fracrmnal cqstalllzat~on 
and ldentlfied by n.m r spectroscopy. For compound 2, H-l appeared as a doublet 

(J I ,2 5 Hz) zt T 3 SO; for 3. H-l appeared at much higher Eeld (T 3 90) as a singlet 
4sslgnment of the anomcnc confi,wations for 2 and 3 was based on the observa- 
tion ‘O.’ ’ that, fcr a pair of anomers. H-l resonates at loner field when rhe I,?- 

‘For nammg these sugars tihlch bear unequal gemIn substltur’nts the subdltuenr habin:. the 
htghesr pnonty accordmg 10 the Sequence Rule IS regarded as r~ploc~ng the h>dro\yl group at the 
cruhon atom concerned 
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substituenrs are CB than when they are ~rans. The very small J, 2 value obsened for 3 

also estabhsbed ’ a that the I,?-substlruents of3 ar: tram 

4 ml<ture of2 and 3 \\a~ used for the preparatloo of a mixture of the protected 

Q- and /?-nucleosrdes 4 and S by the modified HJlbert-Johnson procedurei The 

mlvture of nuckosldes was fractionated by chromatography on slllca gel, and each 
anomer was ldeirtlfied from Its n m r speckurn For the n-nucleosldc 4. H-l ’ appeared 

as a doublet (J, 2 6 Iiz) at T 3.76, whereas H-i ’ of the B-aucleosrde 5 also resonated 

as a doublet (J, .I 3 Hz) but at higher iield (T 3 93) These anomerlc as$gnments 

\vere supported by the observation, first nottced for oynmldme nucleosldes by Cushle~ 

er ol ” that. due to tte shleldlng effect of the 5.6double bond. two of the 0-acetyl . 
slgnals of the l’.Z’- CIS nucleoslde 4 are shghhtly upfield In comparison with the O- 

acetyl signals of the I ‘,2’-rra~~ nucleoslde 5. 

The unprotected nucleosldes 6 and 7 were prepared from 4 and 5, respectl\el> 

by hydrolqsls with sodmm methoxlde m methanol Compounds 6 ard 7 showed the 

tvpected dlffercoce betr.een the chenucal shifts of their anomertc protons, and in 

addlt,on, the o r d spectrum of 6 exhIbIted a negative Cotton effect characterrstlc of 

the Z-D configuraticn of furanosylpynmidmes’ ‘, wherea the spectrum of 7 exhibited 

a posruve Cotton efiect cor.%tenL with the #&D configuration 

To effect the !ransformatlon of the 3-deouy-3-fluoro-compound 8 into the 

2-deaxy-Muoro-compound 14. the hydroxvmethyl group of 8 was protected b) 

acetylailon and the X6-0-lsopropylldene group leas then selectively removed b) 

treatment wth 759/o aqueous acetic acid. to gwe the d!ol 10 III hrgh 1 told. The 

selectIre benzoylaLlon of ihs primary hydroxyl group of 10 H’BS conducted at IOW 

temperature to a&xd compound 11. and the l.2-0-rsopropyhdene grcup of 11 W~A 

then removed by treatmenr Hlth Amberllte IR-!20(M’) resin to give 12, which was 

oxldued ~w.h sodmm meraperlodate to &ve tie _- 7 Euoro-orabmofuranose 13 Without 

further punficstron, 13 was acztylated to give 14 as a I 3 mlvture of the CY and /I 

anomers, respecrwely The pure anomerj Here separated by chromatography and 

Identified by use of Hudson’s lsorotatlon stiles” 

It could be seen from the n.m r spectra of 9. IO, and 11 (and by Inspection of 

Dreldmg models) that Lhe bulky I ,2-0-lsopropl bdene group caused restrIction of 
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rotation of the branched charo around the C-3-C-l ’ bond, iendmg to non-equlxaiencc 

of H- I ’ and H-l” For all three compounds, couplmg constants J, ,,,gauc/lc = I I3 Hz 

and J,, .F rruns = 34 Hz \\ere observed These values Here similar to those obtained ’ T 

ior JH,F tram and J H,F grvche of i,2,2-tnchioro-I-ffuoroelhnne (37 Hz and c I3 Hz, 

rrspectl\ei~). A vlcmai J, F of 30.6 Hz has also been reported ‘* for 74uoroetEanol 

The nucleosrde 7 showed no actlvrty agzlnst L-1210 ijmphold ieuhemla In mice 

As the rea_gc;lt trlfluoro(fluoroxy)methane IS no longer commerclaity ntallable. 

He have not been able to prepare enoueb of the 2-deoul-2-fluoro-derlvatlWe 14 for 

use In nucieoslde synthesis The use of bases such as qtoslne and chioropunne for 

Lhe synthesis of cjther potentlaliy mterestin g nucieosldes from compounds 2 and 3 has 

also not been posstble due to lack of rca_gent. 

EU’ERtXlENTAL 

Ge~reruf r~r/lolFr - All solvent extracts Here diied (Na,SO,), filtered, and 

etxporatcd below 50” m t’acuo T I c and column chromato_eraphy Nere performed 

on sllrcagel (Merck GFzs4) [ loclg of siilca gel per g of residue for column separatlons] ’ 

h1.p s. Here determined on a hot-stage apparatus I r spec~n Here measured \tlth a 

Perkm-Elmer 237 spectrophotometer for solutions m chloroform unless othcn\lse 

stated. Optxsl rotations uere measured for soiutlons rn chloroform w~t.i~ a Ecndlr- 

NPL automatic polanmeter type I13 (c I G 5-0 3) b \ spetra were recorded on a 

Unlcam S.P SO0 Instrument. and o r.d spectra on a Jasco J-20 automatic recording 

specctropolanmeter hlass spectra were determlned w~rh an A E I ?.lS9 spectrometer, 

by direct lnserhon and tivlth an ronlrm g voltage of 70eV. lu m r bpectra were 

recorded on a Vanan HA-100 Instrument for solutions tn CDCI,, with tetramethyl- 

stlane as tntcmai standard, unless otherwIse stated. For byrupa, mlcroanaibtlcni 

tigurcs are only @ven linen a syrup could be dtsttlled under high xxuum by use of 

a KugelrBhr. For unstable syrups, accurate mass measurements nere made on rhr 

deIecr.abie Ions of hlghesc mass 

3-C-Acers.~~~~~~erlr~l-l,2,5-m-O-ace~ r~l-S-dt~o.rJ,-3-~~~oro-a-D-x? fofiratws~ (3 1 and 

rts /I anomer 3 - A solution of 1 ( I. I2 g) tn a rnlW,tre of giacral acetic acta (45 ml) and 

acetic anhydride (5 ml) was stirred rn an Ice-bath, and cont. sulphurlc acid (I 5 ml) 

was added dropibise. The ice-bath was removra, and the mIxIure was kept at 20’ for 

-IS h and then poured Into Ice-wster (500 ml) 7%~ mixture was made aikalme h> the 
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(3 x 100 ml) The combtned extracts irere successrvely washed Hrth saturated 

aqueous sodrum hydrogen carbonate ( ICI0 ml) and Nater (100 ml), and the solvent 

wx removed to g~ec 11 as a chromatographtcally homogeneous syrup (3 M g, 92?6), 

[ZlA’ +33;, 1;;:‘s 3150 (OH) and 1740cm-’ (ester) hlass spectrum m/c 383 

(bl’ - 15) h m r. data r 1 9-l-2 71 (m. 5 H, aromatrc protons), 4.09 (d. 1 H. J, z 
3 8 Hz, H-I). 5 !6 (q. I H. J, I 13, J, F I4 Hz, H-I’), 536 (q, I H, J,,, IO Hz, 

H-Z), 5 15 (q, I H, J,,, 8. J,,, 25 Hz. H-4), 5 71 (q. 1 H, J,. , 13. .I,,.,, 34 Hz, 

H-l”), 5 65-6 I5 fm, 3 H. H-5,6,6’). 6 87 is. I H. OH), 7.90 (s, 3 H, OAc), S 53 

and 8.66 (‘5, 6 H, 2 Me) 

1r1al 4cc mass talc for C,aHzoFOs (hl’- 15) 383.1 14 Found 353.113. 

3-C- 4 WIO ~1 nre~h~~1-6-O-bt~n~o~~l-3-deo r}.-3~ilroro-D-gilrcofuranos~ (12). - Com- 

pound II (2.20 g) was dtsjol\ed III a mrrture of p-drouane-water (I 1, 80 ml) 
Amberlrte IR-120(H’) resin (16 p) was added and rhe mixture was heated wrth 

sttrrtn9 at 80’ for U h. The mtxture \cas filtered and the filtrate was evaporated to 

leave an 011 ( I .S g), which \\a~ chromatographed wtth ethanol-chloroform (1.4) to 

gi\e 12 (I 17 g, S9Ob) as a I I mruture OF anomcrs, Yang 3300 (OH) and 1700 cm- ’ 

(bcnzoa!e and acetate). N m r data (Me,SO-rl,). T S 02 (d, 0 3 H, J, ,z 8.0 Hz. 

zH-I). 5.14 (s. 0 5 H. BH-I). hlass spxtrum m/e 285 (MT-CH,OAc) 

Arral Chic for C,.H,gFO,: C, 53.6, H. S 3. Found C. 53.3. H. 5 3 

I,?- DI-O-accr~l-5-O-ben~o~i-~-deox~- ~-~noro-3-O-fbrr~_~i-u-D-arahlnof~rr~o~e 
($4~) and its p anomer (l4fi). - To ;f solutton of 12 (500 mg. 1.4 mmol) III methanol 

(30 ml). a solution of sodium metapenodate (347 m_e. I 6 mmol) rn water (30 ml) was 

added and the mtxture ~a:, sttrred at room temperature for Z h. A drop of ernylenc 

glycol was added and the solbent was evaporated The resrdue \%as taken up tn chloro- 

form (50 ml), the solution Has filtered through Cehte, and the solvent was removed 

to gtlre syrupy 13 as a mtxture of anomers (484 mg) Without furrher punticatton, the 

syrup was drssolved In a rrutture of pyndtne (8 ml) and acetic anhydrrde (-I ml) The 

mL\ture was bept at room temperature for 16 h and \\as then sorked-up In the usual 

manner ta gwr: 3 rtuklure of 14~ and 1148 Chromatographlc separation of the anomera 
was achrered on SIIGI gel. wrth ethyl acetate-beuane ( I I). to gave 14~~ (I 34 mS, 74%) 

and 14g (365 mg, 660,:) 

The I anomer I& was obtarned as an 011, [zj;a - I4 9’. m/e 339 

(tvt * -CH,GX2) N.m r data r I 90 (s. I H. CHO), I W-2.70 (m. 5 H, aromatic 

protons). 3.6-t (s, I H, H-l), 4.29 (q, I H, JJ 4 5 5. J3,F I6 Hz, H-3), S 02-5 SS 

(m, 5 H. H-l’.l”.-1,&j’), 7 94 (s. 6 H, 2 OAc). 

rinol 4cc. mass talc. Tar C,,H,,FO, (M’ -CH,CO,) 3390SS. Found 

339 092 

The /I anomer I-t/l WBS also obtamed as an 011, [a]? -38.2”, m/e 339 
(M’ -CH,CO,) N m.t data T 1.90-2.70 (m, -5 H, aromatic protons), 1 92 (s, 1 H, 

CHO). 3 56 (d. ! H. J, F IO Hz. H-l), 465 (q, I H, J3,4 3, JJmF 21 Hi, H-3). 5 30- 

5.65 (m. 5 H. H-1’.1”.1.5.5’). 7 86 and 7.87 (3 s, 6 H, 2 OAc) 

-Ina/ Act mass talc for C,,H,,FO, (M’ -CH,CO,) 339OSS Found 

339 092 
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