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Abstract: Varloua D-furanose wnosaccharider were synthceleed as poesible inhlbitorr 

of the gluconeogenic enzyme fructooc 1,6-bi8phoep~taee. These included nulfaaate, 

phosphoraaidate, and epoxy analogues of the natural subrtrate, fructors 1,6- 

d~phoaphate (1). and arabinose and riboee analogaes of a natural iabibltor, fructose 

2.6-dlphoephate (2). NkR studies uere conducted to establish the stereochemirtry of 

phoapbate displacement at Cl In the oyntherlr of arabinose I-phoephate derlvative#. 

FRIboee I,b-diphosphate (S5b) ma prepared with >@5t otereoeelectfvlty. 

III the absence of oxogenoue glucose, the life of anlaalr and aan is tightly ltnked to 

the maintenance of blood sugar through glucose bfosyntheefa from noncnrbohydrate precuraom. 

This process of “gluconeogenesls” is a aafor factor contributing to the increased glucose out- 

put in diabetes. ’ Consequently. apeclflc inhibitors of gluconeogenecria could afford hypo- 

glycemic agents useful for the treataent of thle direase.2 Of the four enzyme (pyruvate 

carboxylase. phosphoenolpyruvate carboxykinase. fructose 1,6-bisphosphataas (PBPaae), and 

glucone 6-phosphatasef that are unique to this pathway, compared to the giycolytfc pathway.3 

PBPase (SC 3.1.3.11) particularly attracted our interest.’ Thue. in 1078 ne fnltintcd a 

program to ftnd inhlbftors of thi8 enzyme bared on l onosaccharlde derivatives, In collabora- 

tion with Prop. Stephen Renkovfc’ of The Pennsylvania State UoiVerelty and Prof. S1aon Pllkls 

of Vanderbllt Unlverslty.’ Various papere on chemical and biological results fraa our car- 

bohydrate project have already been pubitshed.7 In thlci paper, we discuss our undisclosed 

work on (1) the ayntheela of eubetrate analoguea of D-fructose 1,6-dlphosphate, 1. containing 

sulfamate, phospl~ora~ldate, and epoxy groups and (2) the syntheafs of arablnoae and rlbose 

phoophatek related to (3-D-fructoar 2.6-diphoephatc!.7a*b 2, a potent aodulator of YBPaae nnd 6- 

phosphofructo-1-kinase3 {PPKase. EC 2.7.1.11). 

la R-CZ+~H,.R-OH 4a R-H,R=cH$F0$i, 

lb R-Oti.R-CH#f&H2 4b R-Cl$Cf9.,H2.R’-H 

2 R~OFOeH~R’=CH$M 34r R-H-R’-OPO$$ 

3a R-Ui2~H2.R’-CMe 34b R~Oi’U&Ff-H 

3b R-OMs,A=CH,OPO@, 

RemIts aad Dieou8oion 

Compoands Related to L. At the outset. we sought to synthesize substrate anaioguo8 of 

fructore 1,6-bfaphoaphate (1) a# porsiblc inhibitora. Rtnkovlc et aI, had reported that S and 

4 are competitive inhibitors at concentration8 < 1 RM by ocoupatlon of the active site,* which 

t Dedlcatsd to Profeasor gduard C. Taylor on the occasion of hfs 66th birthday. 
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indicated a tolerance for Olle and H In the place of OH at the anowzric position and a possible 

cataiytlc role for the C2 hydroxyl In the native 8ubrtrats, Additlonaiiy, they iuggertsd that 

PBPase inhibition was dependent on the furanose fom of the ougar and on having OH groupm at 

C3 and C4. Thla enzyme was al8o found to prefer the a form of ths rubtJt.rate (C2 u OH ortenta- 

tfon and 8 CH20W3-2; la), reflecting anoaoric speclffcity.9~10 Thus, we ffrrt examined sub- 

stltution of the Cl phosphate group of 1 by a aulfaMtb (0802NN2) or phoaphoraAidstc aolety. 

preferably in the orientation prsrent In the natural l ubatrate (viz. la). Then, WC prspared 

potential Jrreverslble inhibitors analogous to la. but bearing an oxirane functlonaiity. 

Dtacetone fructote 6 was reacted with suifaaoyi chloride to gtve sulfarate 6, topfr- 

mate. which ia undergoing cllnlcal trlalr QS an antlconvuirant agent (Scheme I).7g Treatment 

of 6 rlth msthanoiIc HCl afforded a rlxture of methyl glycosides corprlsed of 7% ?b, &. and 

6b in a 49:32:11:8 ratlo. ‘g The presence of 8ome pyranose foma did not pose a problem slnct 

phoephorylation of the prkary hydroxyl wae perfomed selectively. Unfortunately, varIou8 at- 

tempts to append a phoaphoryl group to the oxygen at C6 in Ta/Tb faiied,12 probably becauea of 

Interference by the rulfa*ate NN2 group (vide infra). A mixture of l&J-diaethylsulfa~ate 

dtrfvatlve8. 68:@b * 57:$3 {no pyranose 10 was detected in the l ethanoiysate). was I)UCcesO- 

fully converted to correapondlng phosphate dlestsr 11 rfth diphitnyi chloropho8phate and pyri- 

dine. ruggestlng that the S02NH2 fs Incompatible uIth the phosphoryiatlon procedures. Target 

12 was then generated by hydrogenolyeis (N2/?t02). 

Schsms I 

?a, 8a R=CH$%&M+, R-We 

7b, 6b R = We. R’ = CH@S&N& 

Se, 1Oa R-iY-$XX&NM42,R’=OM4 

9b, lob R - Ok, R ’ - CH20SQNMe2 

148, f5a R-CH20SO&.ff =OMe 

14b, 15b R = Ohle. R’= CH$SO$‘J, 
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Glven this outcome, ne considered porrlble latent functlonalitles for the NH2 emit, and 

choose to Investigate the azldo group. Azido sulfate 13 was syntherirsd by reacting 6 ulth 

aulfuryl chloride and pyridine. followed by sodium aaide.7g Acid-catalyzed methanoiysfs of 13 

afforded a mixture of methyl glycosldee (14a:llb:i&:ldb - 67:27:0:6), Welch war treated with 

diphenyl cl~lorophorphate/pyrldins to give lb. Compound 16 uas deprotected by hydrogenolysls 

to give target 17. 

Known nitrile 18 (1Oa:lgb _ 1:s ratio)” was reduced to aline 19 with Ilthlum aluminum 

hydride (Scheae II). Desired amine 19 was reacted with phenyl dichlorophonphate in the pre- 

sence of pyrldfnc, and treated with methanol to form PO. The benzyl groups were removed by 

transfer hydrogenation (cyclohexene and 10% Pd/C)14 and the pbenyl ester uaa hydrolyzed with 

calciua hydroxide to give aonophoephoramldate 21 (Ila:2lb - 1:SJ.l’ Although 21 is formally 

an analogue of fructose l-phosphate (and not fructose 1,6-diphorphate). it could be a sub- 

strnte for hexokinars In vlvo, and thereby be transformed into the &phosphate derivative. 

Epoxyfructosldc 22 (22a:ltb = 3:1), obtained by dehydration of 2S with trlphenylpbos- 

phlrte and diethyi azodlcarboxyAate,16 was birphosphorylated with dlphehyl chlorophosphate in 

uyrldine and hydrogenolyzed over pIatinw to furnish target 24 (24a:24b - 3:l; Scheme 111). 

Reversal of the chemical sequence, I.e.. phosphorylatlon of 29 followed by the dehydration 

procedure, was unsuccessful. 

The synthaein of Spiro-epoxide 26 wan aore involved (Scheme IV). Dlacetone fructose 

267g uas oxidized to ketone 27 with oxalyl chloride and DMSO (85% yield. purifled).17 To ob- 

tain the desired p oxlrane, 29. olefln 30 was prepared by treatment of 27 with the llthiun 

Scheme II 

19r R-H,R’=CN 

18b R-CN,R’-H 

l9r R-H, R’-CHflb 

19b R=Cl-$M+,,FT=H 

20r R-H, R - Ct-l#JHP(O)(Ohk)(OPh) 

20b R = CH.$HP(O)(OMe)(OPh). R’ - H 

21 a R - H, R’ - C&NHP(O)(OH)OMe 

21 b R - CH~HP(O)(Cti)OMe, R = H 

42r RIH,R’-OK&& 

42b A-OPO&+R-H 

Scheme Ill 

23r R-CH$tl,R-OMe 22a R=CH&W,R’-OMa 

23b R-OMe,R’-hOtI 22b R=CMe,R=Cl+$3l 

24r R-C~OPO&,R-Olule 

24b R - OMe, R” - (&OPOaH, 
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bromide adduct of ~thylsnetriphsnylpbo,phorans. Uac of “malt-free” yllde, generated with 

radium be~thy~di8ila~~de. rsaulted in destruction of t&a Organic rubstrata and little for- 

mation c+f SO, peretbly bacaurs of an anolixatlon-allmination procexx Involving loss of the 

I,S-acatonide rotety from 27 and l ubxeqaent fragmentation-l8 I&oxidation of 80 with I(cPIu 

procesdtd with exclusfve (MS~) 8 facial wlectivity, an anticipated from the rtweocherirtry 

of ketone-additfon reaction8,19 to give %%. The 8tereochemlcal ae8ign88nt wa8 tested by 

nucleophllic 88thYiene tran8fer t0 kttons 97 by 8ulfur ylide reagent8. Under kJnetlc control, 

we expected that addition rould occur primarily froa the 19 face of the molecule to afford the 

undcsfred a 8tePtochemi8try for the C3 ~rygcn.~~ Reaction of 37 with dfmtthytsuifonfum meth- 

ylide29 in DE?0 provided (in poor yield. preeumably due to competing enollzation-tlimtnationf 

a 8Lngle splro-oxlraaa. ar8fgned rtructure 26 (>QSX addltfan to the @ face). By contrast. 

reaction of 27 with dtratbyl8ulfoxoolu8 methyllds,2o 8 reagent known to favor themodymsmfc 

control in addition reactions, furnlrhsd 8 rlxture of 28 and 19 in a 312 ratio (40% yield). 

Since the epoxide functionality would be benrltive to bubrsquent cheuistry. ub tern- 

porarlly masked it a8 bromhydrln 31 by Sg2 ring-opening with LiBr in the presence of brow 

tri~ethy~aii~t. 8r~ohydrIo $1 use methanolyzsd’and the resulting mixture of methyl plyco- 

ride8 (32a and Nib) Ha8 bi89hox~horYlated in the usual way to eupply 38, which wa8 greatly en- 

riched In 9%. The four phenyl groups were then removed by hydrogenatian over platinum. and 

the spoxidt ua8 regenerated with aodium carbonate to fUrnl8h 2Sa.21y22 

&hems IV 

2% 

2& 2% + 2% 3o MC_ 

1 

32eR=W@-i,R’-CMe 

32b R = OMe, R’ = CH&H 

31 2% 
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CoqacrQ rnlrtd to a. In 1980, P ma8 recognized a8 8 potent endogenou+ inhibitor of 

PBParb and activator of P?Ka8e.‘evb Since thlr profile of activity wee preclrsly the one that 

we deaired, enaloguee of thie agsat were prepared. The tertiary awmeric phoaphetm of 8 18 

very hydrolytically2S and enqm8ttcally unatablc.7a*b*1* AD an tnlttal structu&U wdlfZca- 

tion, ~8 rought to repl8oe the Cl$Oli group with II and a88ay the biologic@1 activitg. We ryn- 

the8lzsd arabioo8e7a (84; Scheme VI and riboee l,&dipho*phat88 (88; Scheme VI), and a phon- 

phonate 18o8tare of 8-D-•rablnome 1,5-dlpboephete (S4b).‘c*d*24 

Highly rtereo8alectlve routea to the l rablnora derivative8 (U) orfgiluted with 8tarting 

8aterlal 36 (Scheme V).7a There were two key arpect8 in the8e rynthersr : (1) blgh sterso- 

control in pho8wte dleplacenent at the enowric center and (2) the judlclou8 choice of pro- 

tactlng groupa and their removal in a l fngle 8tep by Li-amomia redaction. alloutng the rensi- 

tive product8 to be iaolatcd from the crude reaction l ixturt8 wlthout rerort to chromatogra- 

phy. Specific8 of the rynthssi8 of S4a and ub have b88n publi8hed,‘a but we have mm invea- 

tlgated the rtereocberical cour8e of the reaction 8equence In detail by MO-MHz ‘fl NIR 

analy8ir of the fntermtdiate8. 

In the ryntheair of arablnorc I,&dfphorphata (34). the uwmeric phorphate group Wa8 fn- 

traduced by dibenzyl phoephate di8place8tnt of an anoreric belide,a3b and l tereocontrol wan 

dsterelned by the nature of the protective group on C2.7a In the preparation of S4b (34a:Slb 

= 8:92). acetate S(I (3)l)a:SOb - 80:20) ram converted in two rtepr to acetate 37 (97a:37b > 

SS:llf, which u&e transforaed into bromide 38 uIth HBr in eethylene chloride [5lk:S8b - 82:18; 

360~HHz Iti NMR (CgD6) d 3.90-4.55 (B. WI). 6.21 (d. 0.1811, HI of Sib, J = 3.3 Hr). 6.39 (br 8, 

Scheme V 

a RIH,R-Bf 

b RI&R-H 

a R=H.R-OP{O,(oR& u c 3;1 

b R - Ol’(O)(Oaa),. R - H N~ 

#.. &I 37r:37b w 95.5 33a:3#b - 82:18 39w39b - l&M 3&:3# -892 

U-AC 4DcIOb = 9090 4lr:lib + 955 43r:43b -ND 34a:34b = 86;14 
I 

a R-H,R=OAc 

b R-C&R-H 

l R - H, R - OF’(O)(OE@, 
L _ 42 

b A - bpfOf(OE& R’ - H 

31a:3%b - 5020 44e:44b - 87~13 4Sc45b = 19.81 42a:42b - 14:s 
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Sch8me VI 

0 

46 
46 R-W.R’-H 50s R=H,R’-Br 

49 R -OAc,R=H 50b R-Br.R’*H 

0.82H, HI of 36iktj. The bra&de had cleerly equilibrated to a 8fxture of anomers enriched In 

the 8 i8018er.25 D~spiaceRent by dfbenzyl phosphate proceeded with inversion of confi~ration 

at Cl to give a 18~84 ratio of 3sa:SRb (360-MHz IfI NUB (C&) d 6.14 (dd, 0.84H, Hf in SSb, J 

1 4.0 Hz. JpH = 5.7 Hz). B.le (d. o.lm, Nl Jn 39~. JpH = 4.7 Hz)]. indicating that the 

stereochemistry of 39 had been established at the 8tage of bromide 38. The extent of bromide 

equlllbratlon could irpart variability to the final product ratios In synthetic prsparatlonr, 

which wa8 probably experienced when we obtained the 8:92 ratio of 34r:94b.7a The eyntheeia of 

Ma (Slr:S4b = 86:14) started with 40. also prepared from 36.7a Tetraacetate 40 (4Oa:IOb = 

90:10) Wa8 converted into brorlde II [4la:42b = >85:5; 380-M& +I Ml?? (C6D6) d 6.10 (d. O.O2H, 

Hf In Ilb, J - ea. 3 Hz), 6.18 (8. O.SStf, Hl in 41a)]. We relied on particjpation of the C2 

acyl group to direct the phosphate dlsplace8ent to the o face of the molecule (opposite to the 

& awl group at C2). In a siailsr vein, Khorana had prepared arabinose l-phosphate (42) by 

treat8ent of 2,3,5-trl-Q-benzoyl-D-arabinofuranosyl broaide with trlethylaamonium dibenzyl 

phosphate, followed by hydrogenolysiu and saponiCfcation.23b These reoearchers had similarly 

sxpected a phosphate addition due to anchiwric aseiatance of the C2 acyl group and, although 

they suspected the presence of notie @ ie~rer,~~~ they assigned their product 18 901; or better 

42a. Later work by Aepinall and co-workers , 26 fn whfch 42a was prepared by tha phosphoric 

acid fualon method, brought the reported high level of 8tereocontrol into question. Both of 

the8e earlier efforts relied heavily on optical rotation reaeureaents to deterainr? 

8tereochs~i8try,25b~26 whereaa we have used 13C and IB NHR to arrive at unamb&wua faoaer aa- 

stgnment and quantftatlon. Only a 43:57 ratio of Sla:S4b was obtained on treatment of 41 with 

dlbenzyl phosphate fto give 4§), followed by deprotection with Lf-ammonia.‘a However, when 41 

was treated with sflver tetrafluoroborate prior to phosphate dfaplacement. an 80: 14 ratio of 

34a : S4b was obtained. ~lthuugh we were un8~cce~~f~~ In l onito~~ng the silver-asslated phas- 

phate displacement by UH??, it Is clear that sqae retentlon of conffguration occurred in the 

reactions that produce 84a. aa 41 waa almost exclueively the a isomer (41a): rore retentlon 

wan reallted in the silver-aPsisted dlsplaceaent reaction. The inability of the C2 acyl group 

to induct more backside attack in the absence of silver ion is surprising. but the result 

agree8 with Aspinall’e observationa in the preparation of 42. 
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We also invcmtigated the analogoue Conversion of RR to 42 by 360~MHz ‘Ii NMR. looking at 

the mtereocheaimtry of each Intermediate In the eynthemle. Acetate 36 ~8 converted into 

bronlde 44 (44m:44b - 87:13), which uem then displaced rith dibenzyl phomphate to give 46 

(4Sa:lbb = 19:31). The nearly corrempondent but oppomite ratio of the l tereolmonrm of 44 and 

45 argues for inverrlon of oanflguration at Cl in the phomphate dimplacement, in the mMt 8an- 

ner am for 30 (above). A l mall amount of unreacted 44 reraining had an unchanged ratio of 

89:ll (44a:44b). ‘MB muggemtm that the bromide imomerm were not being equilibrated and me- 

lectlvcly slphoned off durlng the reaction courme. Deprotectloo of 46 with Ll-auonia gener- 

ated 42 (42a:42b - 14:66). 

Wlbome 1.5dlphomphate (S6) war prepared to examine the effect of varying the conflgura- 

tlon of the C2 hydroxyl on the blologlcal activity (Scheme VI). Khocana reported the prepara- 

tion of a-rlboet l,S..diphomphate (S6a),27 in which the key step ram the dlbenzyl phoephate 

displacement of bromide 46 to give mainly the a isomer atter deprotectlon. Preparation of a- 

riboae l.S-dlphomphate orlginated rlth 2.3-Q-bentylldtne-D-rlbome (41). The primary bydroxyl 

group warn phoephorylated yielding 48, and the anomerlc hydroxyl uaa converted to the acetate 

(IQ). Acetate 49 wab trnnsformed into broaidt 50 (undetermined stereochemistry), reacted with 

dlbenzyl phosphate. and deprotected with Li-ammonia to give a n lxture of 3Sa:36b In a 3:i 

ratlo. Al though the beneylldene group on C2 warn not expected to participate In the react Ion 

in the l anner of en acyl group,2g m conmldersble amount of 33b warn formed. We muppome that 

the 2,3-benzylidttre group impomed a conformtlonal conmtralnt on bromide SO to Influence the 

stereochealmtry.30 

fi-Rlbome l,S-dlphomphete (35b) uum prepared mtartlng froa readily obtained 5-Q-trityl-D- 

ribore (51) .31 Compound I1 wan peracttylated. the trityl group was removed, and the remultlng 

free hydroxyi was phomphorylated to give 82. which was then converted to bromide 53 am betore. 

Treatment of 13 with sliver tetrafluoroboratt followed by dlbenzyl phosphate dimplacement and 

Ll-auonia deprotsctlon gave 33b. No 33e could be detected in thla preparation by 360~MHz ‘li 

and 15. l-MHz 13C NM, mhowlny the etficlency of the mllver-assisted phomphorylatlon method ln 

promoting anchlmcrlc asmlatance of the C2 acyl group. 

Biological Ramaltm. The phorphates and phomphate imomterts described here uere temted 

for their blologlcal actlvlty In In vitro ammaym. Compound6 12. 17, and 21 did not lnhiblt 

PBPase (Kr > 1 ml4). although 12 warn a weak inhibitor mhouing 25% inhibition at 1.5 ti, in the 

premence of 0.2 mR of fructose 1.6-dlphomphatt (1). The potential irreversible inhibltora 24 

and 26 were incubated In the presence of Hg’2, HII+~, or Zn’2 and PBPame for up to one hour 

prior to the addltlon of the substrate (1): howmwr. no lnhlbltion was obtained above thtrt 

seen wlthln two rinutea after addition of the inhibltor to a running syatee. Compound 24 In- 

hlblted PBPame with approximately 50% activity at a concentration of 5.9 x lo-’ M. In the 

presence of 1.4 to 3,s x 10ms n of 1. Both imomerm of 34 were nctlve in inhibiting PEPare and 

activating PPKase, am haa been reported.7a*b Thay almo inhlblted 2,&IJlPame/PPKame, the 

blfunctional enzyaell that controls the levels of 2 in vlvo. At a concentration of 2 and in- 

organlc phosphate of 20 l I(. 34a (2 mH) inhibited 2,6-PBPame 28% and 34b (2.5 MU) Inhibited the 

enzyme 65%. At a concentration of fructose 6-phomphate of 0.2 I(. 34a (2.0 31) inhlblted 2.6- 

PPKase 23% and 34b (2.5 MM) lnhlblted the enzyme 54%. Neither ribore compound, 36b nor the 

preparatlon ot 35 enrlched in 3Sa, Inhibited PBPase, highlighting the importance of the C2 

hydroxy configuration for the biologlcal effect.33 

Co~~undm Me and 34b had many of the characterlmtics that we sought inltlally. They 

Increased glycolyalm by mtiaulatlon of PFKara and inhlbltsd PBPame. Addltlonally, 34b poten- 

tlattd the UP-Induced lnhtbltlon of PBPams.7b and 34b and S4a were not hydrolyzed readily by 

either of the pho8phatame enzyme8 that could degrade them. However, neither theme, nor any of 

the other compouadm prepared herein, were active in blocking glucontogenemim in imolated 

hepmtocytem. Presumably, much compouadm with anionic phosphate group8 arm unable to cromm 

cell membranes and gain acceam to the intracellular milieu. 
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ltxporimt~l sectioa 

Qanoral Proaodurm. Proton HIW spectra uere recorded on a Varian EM-380 (Ml UHc) or 

Bruker AU-380 spectrometer (the latter 80 designated) with CDC13 ae solvent, except as indi- 

cated, and Me,Sl as an internal referenue. Compounds run in D20 were referenced externally to 

dioxane (8 3.63). NMR studies of the iscmerlc ratios of intermediates were conducted in S-u 

MM tubes at 360 UtIz at ambient probe temperature. NMR spectral data on 35 and 42 were ac- 

cumulated In aqueous solutlons containing a trace of added cyclohexylamlne (pH 8) to prevent 

hydrolysis of the anomerlc phosphates. 1% NIR spectra were recorded on a JKOL PX6OQ 

spectrometer In CDC13 at 16.1 )Mz unless indicated otherwise; only proton-decoupled 13C data 

are reported. along with l ult1pllclt1ss. For phosphate ralts. the amount of accoapanylng 

smine was corroborated by RXR integration. Optlcai rotation measurements were conducted on a 

Perkin-flmcr Model 241 polarlmeter. Elemental analysis were performed by Atlantic Mlcrolab. 

Inc., Atlanta, GA, or Galbraith Laborstorjes, Knoxville. TN. TLC analysis was conducted on 

silica gel plates (0.8-p thickness). which were visualized by W, If appropriate. and by H2BD4 

charring. All melting points are corrected. 

Ilmtbyl l-Dimstbylsolfamoyl-D-fructofursnosids (8). The dlmethylsulfamoyl analogut of 

6’g (15.0 g. 60 ~01) wae treated uith 7.Q% methanolic hydrogen chloride (900 U) at ambjent 

temperature. After 4 d. the reaction sixture was cooled to 0 l C and treattd ulth lead car- 

bonate unt.11 basic. The mixture was filtered and concentrated In vacua to yield a light tan 

syrup (11.9 g. Se%), [a]D23 +10.8* (c 0.50. water). IW (neat) urnax 1370. 1180 (OS02) cm-‘. 

+I NNR 8 2.85 (II, OH, CH3). 3.32 (8. 1.3H, @OMt), 3.40 (8, 1.7H. a-Oh). 3.8-4.8 (D, 10H). 

13C NMR (D20) 8 40.1 (NHt), 41 .O (NHe, pyr), 5O.Q (One), 51.4 ((Me), 63.5. 64.5, 88.4 (pyr), 

88.8, 89.5, 70.3 (pyr). 70.4 (pyr), 71.1 (pyr). 71.8 (pyr), 78.7, 79.4, 79.7. 82.2, 83.8. 

86.2, 103.6 (a. C2 of Qb). 108.7 (s, C2 of 9s); integration of the C2 signals indicated a 

S7:43 ratio of @a and Ob; only a small amount of 10 was present. Anal, CaJcd for 

CsHlQN08S~0.SH20: C, 34.83; H, 8.60; H20. 2.90. Found: C. 3S.14; H. 8.50: H20. 3.27. 

Nathyl I-Diwthylsulfmwyl-D-fructofm ids O-Dipbenylpbmphmta (11). The prepsratlon 

of 0 above (7.8 g. 2S mmol) was dissolved In 160 mL of pyridlne and treated with a solution of 

dlphenyl chlorophosphate (7.8 g. 28 l mol) in 31 rL of toluene at -20 l C. The mixture was 

stirred at -5 'C for 2 h and then concentrated under vacuum to an oil. which was treated with 

water and extracted Into chloroform. Tht organic extract uaa washed wlth 3% H2S04, 2.5% 

NaHC03. and brine; dried (Na2S04). filtered. and concentrated to give a syrup. This rubstance 

was purified on a dry silica gel colusn (EtOAc/hexane, 4:l) twice to give a pale yellow syrup 

(2.31 g, 17%), [a]o23 +18.S” (c 0.33. HtOH). IR (neat) pmaX 1370. 1280 (P=+O). 1180 (0802), 

980 cm-l. ‘H NMR d 2.85 (a. 6H. Nb), 3.32, (a. 1.4H. @-Me), 3.40 (a, 1.6H. a-DHt), 3.9-4.3 

(a. QH). 7.3 (a. 1OHl. 13C NNR 8 38.S (q, We), 48.9 (q), 49.5 (9). 63.1 (t). 88.4 (t), 68.3 

(dt. C8. Jpc - 5.9 Hz). 75.7 (d), 78.3 (d), 78.8 (d). 79.6 (dl. 79.8 (dl. 84.7 (dd, C5. JPC - 

7.8 HE), 101.8 (s, c2 of lib). 108.1 (s. C2 of lla). 119.9 (d). 120.3 (d). 125.7 (d), 129.9 

(d). lSO.4 (de, 2C, Jpc - 8.8 Hz); integration indicated a mixture of lla and llb in a rat10 

of s3:47. Anal. Calcd for C21H28NOllPS*0.6H20: C, 48.34; H. 5.41: N. 2.S7: H20, 1.99. Found : 

C. 48.M; II, 5.45: N, 2.83; H20. 2.14. 

Methyl l-D1~stbylsulfm8oy1-D-fructofmran0si& B-mpbmtm (12). A l lxture of 11 (2.48 

g. 4.7 msol. o/B - 3:l) in 100 aL of HeOH was ehaken with 2.46 g. of platinum oxide under 40 

ps1g of hydrogen for 18 h. The rolution was filtered and concentrated to glvs 12 as a syrup 

(1.48 g. 83.st). [(r)D23 +28.7’ (c 0.80. HeOH). IH (neat) vmax 1380. 1180 (OSO,) cm-l. ‘H NHR 

(DMBO-d6) 8 2.8 (s. 3H, HMt), 3.25 (I, 1H. fl-Me). 3.30 (8. 2H. a-DHs). 3.5-4.1 (e, 7H). 5.0 

(br 8. IH, OH,). 13C NMR (D,O) 8 38.7 (NHe). 49.7 (q). 50.3 (q). 86.9 (t), 66.3 (t). 88.2 (d). 

74.9 (d). 77.8 (d). 78.2 (d), 80.8 (d), 82.7 (d), 83.2 (d), 102.4 (C2 of lib), 107.3 (C2 of 

12a); lntegratlon of C2 signals gave a 74:26 ratio of 12a:llb. Anal. Calcd for CQH20NO11S* 

1.1H20: C. 27.07: il. S.SS: N, 3.51; H20, 4.Sl. Found: C. 26.95: H. 5.59: N. 3.48: B20. 4.94. 

Methyl D-yructofuranoside 1-Asidosalfate (14). Azide 13 (15.39 g. 42 s~ol) was 
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l etbenolyxed ae dsacrlbed above for the pmparatlon of 0. and the remelting crude nterlal wee 

purlfled on a dry uilice gel colum (8tOAc/ReOH. 4:l) to give a pale yellow oil (6.M g, 44%). 

[arID23 +11.rs* (c 0.40, rater). IR (neat) vmax 2142 (atlde). 1400, 1100 (030,) cm-*. %I m 

(DMSO-d6/CDC13) u 3.2 (8, 0.8H, B-me), 3.3 (e, 2.06, a-m), 3.3-4.2 (II, 7H). 4.4 (br a. 3H). 

1% NWR (D20) d 49.7 (q), 60.1 (q). 62.0 (t), ea.0 (t), 67.4 (t), 60.4 (t), 70.1 (d). 71.4 

(d), 72.1 (d). 75.1.(d) 77.7 (d). 78.4 (d). 81.0 (d), 82.4 (d), 84.7 (d). 101.3 (e. C2 of 

Ma). 103.4 (a,. C2 of Mb), 106.5 (e, C2 of 148): integration of the 13C NWR rignals for C2 

indicated a 87:27:0:6 ratlo of llr:l4b:l6a:Ibb. Mel. Celcd for C7H,.$@88~0.1H20~0.1CH40: C, 

28.85; H, 5.20; H20. 0.54. Found: C, 29.07; H. 4.33: H20. 1.21. 

Netby D-lrrotofuraiamldo 1-A=ldoemlfato O-Dl~lpboephmte (16). The mixture of 14 

and 15 WOII phoephorylatcd in the general wey dercribed above, and the product use purified on 

a dry colum (BtOAc/bexaw. 4:l) to give 16 (3.0 I, 25X), [a]D23 +21.0* (c 0.20, HeOH). IR 

(neat) umex 2143 (wide), 1408. 1274 (FO). 1190 (OSO2). 968 C.-I. %I NgR 8 3.3 (br e. 3H. 

OUe). 3.5-4.6 (m. 7H). 7.3 (m, IOH). Anal. Calcd for C19H22N,011PS*0.1t120*0.1CH30H: C. 42.77; 

H. 4.26: IL& 0.34. Pound: C. 43.16; H, 4.40; H20, 0.95. 

llethyl 1-8Pifuolrl-Dflllctor~ano~i~ 8-Phosphate (17). Cyolobox~luino Salt (2:d). 

Compound 16 (4.30 g:. 8.0 ml) um deprotectsd under the mme condition8 a8 dewAbed for 12. 

to glve a nearly colorleea resin. A solution of this material in deionized water use treated 

ulth cyclohexylamine until the rolatlon wea moderately alkaline (pll 10). Removal of solvent 

by lyophillzation afforded a gum. rhicb ma trlturated aevsrrl time8 with dry ether, filtered, 

and dried for 2 d under vacuua to glve the malt of I7 l o a white foem (3.38 g. 77%). [a]D23 

+6.5* (c 0.07, water). IR (neat) Vmax 3360 (NH2), 1360. 1160 (OS02) cm-i. lH NWI (wO-d6) d 

1.0-2.0 (a. 17H). 2.8. (br a, l.TH), 3.2 (br a, 3H, ONa). 3.5-4.1 (m. 7H). 6.4 (br a, 9.4H). 

The resonance at d 8.4 disappeared on exchange with D20. 13C RMR (D20) 6 24.7 (t), 25.2 (t). 

31.2 (t), 49.6 (q), 50.3 (q), 51.2 (d), 66.7 (t). 67.9 (t), 75.3 (d). 77.7 (d). 78.1 (d), 81.7 

(d), 102.2 (a, C2 of 17b). 107.4 (8, C2 of lT&); integration of the reaonancea at 8 102.2 and 

107.4 gave a 57~43 ratio of 17a to lib. Anal. Calcd for C7H16HU11P6~l .7C6H13N* J .SH20: C. 

37.64; H, 7.56; N, 6.89; H20. 4.93. Found: C. 38.01: Ii. 7.47; N. 6.49; H20, 3.93. 

1-Dmmy-1-[ (Be_ aoqpborpllarll)~~]-3.4.O-trl-~-benr~l-2.6-enh~dro-D-~locito1 

(2Ob). Nltrile 18 wa8 reduced to amine 19 with lithium aluminum hydride in THP at 0 l C the 

normal manner. Amine 19 (9.73 g, 20 uol) dlrsolved in 60 IL of THP warn added dropulee to a 

eolutlon of phony1 dlchlorophorphate in 70 l L of THP at 0 l C under ergun. After 2 h. the 

euspenslon was flltered, 15 mL of HeOH was added, and the mixture wan heated at rtllux for 21 

h. The eolutlon Yam concentrated and redissolved in methylene chloride; the solution war 

weuhed with water, 2.5% H2S04. 2.5% NaHC03, end brine; dried (Na2S04) and concentrated. The 

crude reactlon was purified on a dry rllica gel column (BtOAc/bexane, 4:l) to give pure 20 ae 

a syrup (6.12 g. 60x), [aIDa +14.6’ (c 0.33. MeOH). IR (neat) umex 2950 (NH). 1260 (P-O), 

1048. 1026 cm-l . ‘H NMR d 3.0-3.5 (m, bR), 3.5-3.8 (d, 3H, 3Jcp = 11 Hz). 4.2-4.55 (m. BH). 

7.0-7.3 (m, 20H). 13C NMR d 41.1 (t, Cl of 2Ob). 42.9 (t, Cl of 20a), 53.4 (dq. ORe, JPC = 

5.9 Hz), 70.3 (t), 71.5 (t). 71.7 (t). 73.4 (t), 82.4 (d). 83.0 (d), 83.2 (d), 120.1 (d), 

120.4 (d). 124.7 (d), 127.7 (d), 128.4 (d), 129.6 (d), 137.4 (a), 137.7 (8). 136.0 (a), 149.9 

(9, 4’ of OPh); the ratio of 20a to 20b war determined to he ce. 1 :S by n eaoumment of the 

eignals for Cl. Different batches of product varied in a/B anomeric ratio from 1:2,6 to 1:5. 

prcrumably due to fractlonatlon during chromatography. Anal. Calcd for C34H36N07P.0.1H20: C. 

67.45: H, 6.36; N. 2.31; R20, 0.30. Found: C, 67.27: H. 6.41; A. 2.39; H20, 0.64. 

l-De=Y-l-C (W tbow@m~l)rimo]-2.6-8nh~dro-D-~l~cltol (2lb). Nathyluine 

Salt (1:l). A l OlUtiOn of 20 (12.8 g, 20 mol) in 104 IL of cyclohexene end 208 l L of EtOH 

wee treated with lO% PI/C (7.9 g) and retluxod ror 1.5 d, filtered, and concentrated to a 

8yrup. A molutlon of this material In 100 mL of water wea treated with Ca(OH)2 (13 g). and 

the alxturs IIE l tlrred tor 3 d, filtered, end 1yopbllIted to a foam. One mol-equiv of Na2C03 

(20 ~01) wae added to a solutlon of this folu In 150 ML or mter. The eolution wao stirred 

for 15 l in, filtered; the filtrate wn treated with Dewex IOU-X8 reeln untj 1 it beceme acidic. 
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It WMI washed with ether, and tha aqusoua layer was treated with methyl~lne for 30 mfn with 

stirring:. The mixture U~I lyophilyzsd to give a white foam (2.7 g. 43%), [,]D23 +IO.O* (c 

0.30, water). IR (neat) u,~ 3200 (NH2), 1050 IX-~. ‘H NHR (D20) 8 2.8 (II. aH, NIla). 3.2-3.8 

(B, 2H, CH2N). 3.65 (d. 2.2SB. @-Me. 3JPH - 12 Hr). 3.68 (d. 0.7SH. a-OHe, 3JPH - 12 JJx), 

3.9-4.5 (m, ‘ii); a/b - 1:3. 13C NHR (D20) d 22.1 (NM), 36-38 (m. Cl). 49.3 (m. ONe), 59.1 

(1, C6), 73-7’ (complex m), 79-83 (complex l ). Anal. Calcd for C7H16N0,P~CHSN~l.7H20: C, 

30.13; B, 7..71; N, 8.79; Jf20, 9.60. Found: C, 30.40; 8. 7.62; N, 8.41; %O. 6.44. 

Mewi 3.4~Anhydm-D-tagatofuranoride 1.3-Diphorpbata (24). Hathylamim Salt (1:3). 

Compound all* (17.0 g. 0.10 mol. a/B ratio - 2:l) was phoaphorylatsd am in the preparation of 

11. After purification of the resulting tetraphcayl phosphate compound, 8.7 g of it (14 ~01) 

wall ohaken with a mixture of platinum oxide (3.5 g) In BtOH (225 xL) at 42 palg for 3 h. The 

solution uaa filtered, added to an equal volrue of N&H, and treated with methylamine (45 aL). 

The solvent *a8 evaporated to glvs a rosa, which was trlturatsd with cold EtOH. tlltered, and 

dried in vacua for 3 d to give the salt of 24 (2.44 g, 37%) as a white solid, [a]D23 +6.6’ (c 

0.35. water), IR (KB~) umax 1291 (P-O), 883 cm-l. ‘H NNB (D20) I 2.6 (a, 10H. 3.3 NJ&). 3.61 

(8. 2H. a-One). 3.71 (a. 1JJ, B-OWe). 4.0-4.8 (B, 7H): Integration of the methoxy singlets ln- 

dJoated a 2:l ratio of 24a and 24b. Anal. Calcd for C7H14011P2*3.3CHSN~1.SH20: C, 26.57; H. 

7.25; 1. Q.93. Found: C, 26.37; H, 7.51; N. 10.23. 

1.2:4.bBir~(lmthyletbyli&~)-2,~‘-~-3-C_-(~xy~ethyl)-~-D-froctopyranoee 

(29) * To a solution of lithium dliropropylaaide (90.16 g, 0.64 mol) In 450 RL of THF. under 

nitrogen, was added methyltriphenylphorphonIum bromide (316.2 g# 0.90 mol) ulth stlrrlng at 0 

.C. After 45 rin, compound 2718 (105.6 g, 0.41 mol). prepared by Bwern oxldatlon of 20,‘g was 

added, After 30 min. the solution was poured lnto Ice water and the mixture was extracted 

twice with ether. The combined extracts were warhed with 3% H202 (3 x 150 ti). brine, dried 

(N4SD4 1 e filtered, and concentrated to about 50 mL. The precipitated triphcnylpboephine 

oxide was f lltered off and washed with cold ether, and the remaining organic solvent was 

removed. Tq crude syrup 30 (69.7 g. 66%) was added 1.2-dlchloroethane (1 L) and g- 

chloroperbenzoic acid (‘8.3 g. 0.39 mol. 85% asray), and the resulting solution was refluxsd 

for 4.5 h, cooled, and treated with hexane (‘00 aL). After filtration, the filtrate wan 

washed wlth 811 Na2S03 (2 x So0 IL), 5% NaOH (2 x 500 l L). water, and brine. The organic layer 

was dried (Na2SD4), Clltered, and concentrated to give 20 as a white solid (68.7 g. 93%). A 

sample was rigorously puritled on a dry alllca gel coiumn (EtOAc/hexane. 1:3), mp 85-86 l C, 

IalD23 -119. (c 1.41, NeOB). ‘H NMR d 1.3-1.6 (m. 12). 2.9 (a, 2H). 3.8-4.5 (m, 6H). 13c NNR 

6 24.8 (q), 2S.7 (q), 26.1 (q), 26.2 (q), 47.2 (t, oxlrane), 56.2 (a, C3), 63.2 (t, C6). 73.5 

(t. Cl). 73.9 (d), ‘4.3 (d). 102.9 (II. CZ), 110.5 (8). 110.7 (8). Aoal. Calcd for CJ3H2DO6: 

c. 57.34; H. 7.40. Found: C. 57.43: H, 7.29. 

Nethyl 3-&-Bromomethyl-D-fractoturanoalde 1.6-Bir(dipbem3lpho~pte) (33). A solution 

of 29 (11.9 g, 40 uol) In THP (la0 ML) was treated with lithium bromide (34.3 g, 0.39 ml). 

pyridine (11.9 g). and bromotrimethylsilane (2.6 g, 45 uol) at 8 l C.34 After stirring for 2 

h at amblent temperature. ether (100 mL) wa8 added and the solution was washed with 0.1 N HCl 

and concentrated In vacua to give 31 ma a ytIlow syrup: IIS (CI-CH4) m/e 353 (NH+). Thie 

materlal was Iuedlately n ethanolyted. aa in preparation of 9. to give 32 am a yellow aeml- 

rolid: MS (CI-NH3) m/e 287 (ml’); ‘H lllIR indicated one major iaoaer. Compound 32 (11.4 g, 39 

mol) was phoaphorylated in the usual manner to give 33, which was purified on a dry silica 

gel column (EtOAc/hexane, 2:l). This resulted in 19.2 g (66%) of a syrup (S3). [aIU2’ +36.0* 

(c 0.33. UOOH). Ws (CI-CH4) n/e 751 (MH+). IR (KBr) umar 1248 (P-O), 1046, cm-‘. ‘H NHR d 

3.1 (II, lH), 3.2 (br a, 3H), 3.3-4.8 (a, QH), 7.0-7.6 (m, 20H). 13C NM? 8 36.4 It. CHpr). 

46.9 (q. Me). 61.8 (dt. C6, Jpc - 5.9 Hz), 66.4 (dt. Cl. Jpc - 5.9 Ha), 79.5 (d. C4). 82.6 

(a. C3). 84.6 (dd, CS, JpC = 8.0 Hz), 107.6 (dq. C2 of 33a. JPC - 9.8 M). 119.9 (d). 120.3 

(d), 125.6 (d), 129.9 (d). 150.3 (da. 2C. JPC - 7.6 Hr); only 33a was obaerved (poaelble en- 

rlchment on chromatography). Anal. Calcd for C32H33Br012P2*0.SH20: C, 60.54: H. 4.51: Br. 

10.51; water, 1.18. Found: C, 50.59; H, 4.54; Br, 10.37; water, 0.92. 
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mtJly1 s.3’---3*-( hy&axymthyl)-m-D-fruotofw8aa i& I,+ib~te (tbm), Cy- 

clakqlmim 8mlt (2:s). A 8olution of S3e (6.69 g, 9.0 ~01) in 800 mL of MeOH wee ehaken 

with platinum oxlds (2.0 g) under 40 Palo of hydwen for I6 hs The Bixture ua8 f lltered and 

conctntrattd to give a foam. which wee treated with uattr (20 aL) and Wa2C03 (5.21 g) and 

stirred for 18 h to form a rodium salt of 268.3b Tht solution uu neutralized rith Douex SOW- 

X8 (cation rtrln. pH 7). filttrtd through Amberllte IR-46 (anion rtrin. PH 8-10) and con- 

centrated. This foam uam di88olved in WeOH, treated with Dortx SOW-X8 resin in tbt 

cyclohtxylaminc form. lilttrtd, and cOnC8ntrattd. Thin l atsrial war prtclpltettd twice from 

HeOH with BtOAc to give a uhlte powder (3.w g. 58%). [olDa +13.1* (c 0.79. water). IR (KBr) 

u8ax 1236. 1063 m-l. ‘Ii NMR (D,O) d 0.0-1.7 (m, 27H), 2.8 (m, Z.W), 3.1 (a. 3H, One), 3.2 

(a, 2H). 3.7-4.0 (1. 6H). 13C NNR (D20) & 23.6, 24.1. 30.1, 50.1 (cyclohtxylamine); 45.0 

(t, oxlrane). 48.1 (q. OHa). 58.1 (d. CS). 63.6 (pair of t. Cl and C6). 78.1 (d. CI), 81.4 (8. 

C3). 84.0 (d. C5). 108.5 (da. C2. JPc r 8.8 Ha): only 26g uas obstrved. Calcd for 

C6H16012P2~2.SC6H13N*3.0H20~ C, 41.36: H. 8.19: N. 5.24: H20. 8.09. Found: C. 41.14; H. 7.99: 

N. 5.72: H20. 6.49 (Br. 0.65). 

D-Arabinoee l+boephete (42). Cyoiohuyluiae &lt (4:7). Aottate S6 (5.0 g:. 10.8 ~01) 

was converted into bromide 44, which wan reacted with dibenzyl phoephate to give 46, and the 

resulting materlal wae deprotected with Ll-amonia by the procedure we dercribed earlier.7” 

This gavt tht cyclohtxylamine ealt of 42 (0.26 g, 5.4%) ae a rhitt powder. IR (Kk) p,aX 

2940, 1644. 1633, 1450. 1393, 1080 c.-l. 360~MIz ‘II NHR (D20) 6 0.8-1.8 (m. 19.5H). 2.82-2.86 

(m, 1.8H), 3.3-3.95 (m. 5H). 5.19 (d, ca. 0. lSH, Hl Of 42a, J - 7 Hz). 6.22 (t. ca. 0.8bH. Hl 

of 42b. J = 3 Hz). 13C NMR (D20) d 23.7, 24.2, 30.3, 50.2 (cyclohtxylamint); 57.3 (CS of 

42a) : 61.6 (CS of 42b): 13.5 (C3 of 42b): 76.4 (C2 of 42b); 77.2 (C3 of 42a): 81.6. 81.9 (C4 

0r 42b, c-2 0r real: 84.0 (C4 of Ita); 95.9 (d, Jcp - 4.89 Rx, Cl of 4Rb1, 102.5 (d, Jcp - 

3.91 Hz. Cl of Ita): integration of the peaks for 42a and 42b rtvtaled a I:5 ratio. Anal. 

Caicd for C5Hl108P~l.8C6H13N*H20: C. 44.48; H. 8.60; N. 5.91; P, 7.26: H20. 4.22. Found: C. 

44.51; H. 8.92; N. 5.60: P, 6.Q8; H20. 4.29. 

8-D-Ribo8t l.S-Dlpho8phat8 (Sba). cpolobeqhmirw 6dt (1:I). 2,3-g-EItnzylldent-8-D- 

rIbofurano8e 1118 prepared from D-ribore, benzaldtbyde. and frerhly fured zinc chloride accord- 

ing to the literature.” except that only 1.5 mol-equiv of benraldehydt wa8 employed. The 

yield of flrat-laolated product was 55% (BP 108-110 ‘C). [A ruplt of 47 wan recryetal lized 

from RtOAc/btxane: mp 123-124 l C (lit.36a rp 133-124 ‘C); (a]D23 -26.6. (o 0.94. HeOH).] 

Phosphorylation of 47 (6.4 g. 0.027 ~011 in the urual way gavt crude 48.a sample of which wax 

chro8atographsd on a dry column of ellica gel to yield en off-white powder (4.1 g. 33%); mp 

go-D5 ‘C; [a&)23 0.0. (c 0.23, HeOH). ‘H RHlf d 3.6-4.0 (br 8. 1H. OH). 4.2-4.8 (8. SH), 5.5 

(s, 1H). 5.8 (m. 1H). 7.1-7.6 (a, 15H). A rolutlon of unchromatographed material (28 g, 0.06 

ml) in pyrldlne (150 mL) was treated with acetic anhydride (12.2 g. 0.12 mol). The mixture 

was stirred for 3.5 h. poured into ice-rater. and extracted with ethyl acetate twice. The 

combined extract8 were washed with 1N HCl, 2.5% NaHC03, and brine, than dried and concentrated 

In vacua to a rolfd. Recryetallization from ethyl acetate/htxane furnished a white 8Olid (49, 

17.5 g. 56%). mp 94-96 l C, [a)D23 -19.9’ (c 0.48, MeOH). IR (KBr 1 vmM 1757 (C-O), 1298 (P-O) 
-1 cm . ‘H NMR 8 2.0 (8, 3H, Me), 4.3 (m. 2H1, 4.6 It. 1H). 4.8 (2 d. 2H), 5.8 (a. 1H. &HI). 

6.4 (8. lH), 7.2-7.5 (a, 1SH). 13C NHR d 21.0 ((I), 67.6 (t). 68.0 (t), 81.7 (d), 64.9 (d). 

85.6 (d), 101.4 (d, B-Cl), 106.6 (d). 119.8 (d), 120.2 (d). 125.5. (d). 126.6 (d), 128.4 (d). 

129.0 (d), 136.3 (6). 150.0 (8), 150.5 (8). 16Q. 2 (e, C-O) ; the compound appeared to be >QS% 

B-furanose. &ml. Calcd for C26H25OgP: C. 60.91: H, 4.@2. Pound: C. 61.13; H, 4.86. 

Acetate 49 (4.22 g. 8.0 mol) warn converted to the bromldt at 0 l C in 500 l L of 

8ethyltnt chloride that 1118 8aturattd with El&. The brOmid8 wea reacted with dibearyl pho8- 

Mats (2.51 g. 8.0 mol) and triethylulne (0.91 g, 9.0 WI). than lithium (1.0 g) and u- 

nonla (200 mL1 in THP (100 mL) at -78 l C, In,tbe u8ual fa8hion. After 15 l in, the dtep blue 

8OlUtiOn 1118 qutnchtd ulth cru8hed ice until the blat color no longer remained. The rolvent 

me blown Off by a stream of nitrogen and the rerldue wa8 taktn up into dirtflled water. The 
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mixture wan filtered, treated with a wrldinium-Douex bqw-X8 rsrln (to pH 7). filtered, and 

treated with l aturated aq?moue barium hydroxide (to pH 10). The preclpitatc use collected and 

dried to give 4.21 g of gummy glare. This was diesalved In water end treated with pyridlniu 

reein (pH > 7). and converted in the oeual wey to the cyclohexyleelne l elt,7a isolated as a 

white poudor (1.38, 23.4%), l p 1S4-119 l C; [O]D~~ +12.7* (c 0.12, mater). IR (Ulr) urnaX 1241. 

1071 cn-1, ‘11 NRR (D20) 6 0.9-1.9 (m. 40!!). 2.9 (m, 4H), 3.6-4.1 (m. JR). S.l-S.4 (m. I!.!). 

13C !UIJt (D20) 6 23.7, 24.2, 30.3. 56-1 (cyclohexylulne): 63.6 (t, o-CB. JPC - 3.9 Hz), 6S.4 

(t, 8-C6, JPC - 4.9 Rz), 69-7s (complex B), 81-82 (I), 83.6 (dt, a-C4, JPC - 8.8 Hz), ST.! 

(dd. o-Cl, JPC = 3.9 Hr), 101.9 (dd, B-Cl. JPC - 2.9 Hz); the a/B ratio was 3:l from integra- 

tlon of the Cl reeonancee. Anal. Calcd iOr CSg!2O,lP2’4.6C6!!13N*!.6!!2D: C. 47.35: H. 9.21: N, 

7.62: P, 8.42: H20. 3.92. Found: C. 48.42: H. 9.08: N, 7.30; P, 7.85; H20, 3.59. 

1.2.3-Tri-P-•cetyl-a-D-rlbofuranoeo b-Di~lpbo~te (6g). To a solution of S-O- 

trityl-D-r!borea2 (II; 16.9 g. 43.1 -01) In pyridlne (SO I[r) was added 50 mL of acetic an- 

hydride. and the l xture was heated at 95 l C for 1.S h under nitrogen. The solvent wee evapo- 

rated, end the residue was dissolved in ether and raehed with water (3 tlaee), dried (Rg304). 

t lltered, and concentrated to give a foam. this material was treated with LSO mL of 80% aque- 

ous HDAc and heated at OS l C for 1-S h. After cooling. 110 mL of weter was added to the eolu- 

tion and trlphenyleethanol wae flltered off. The filtrate wee treated wlth ca. 10 g of NaCl 

and the mixture wab extracted with CHC13 (4 tlmee). The combined extracts were dried (Ng80,), 

flltered. and concentrated to yield a pale yellow 011 (7.7 g. 6S%). Thle meterlal was dle- 

solved in SO mL of pyridlne and treated with dlphenyl chlorophoephate (S.93 l L, 28.8 nol) at 

0 ‘C. Cooling wae ceeeed and the reactlon wee stirred at amblent temperature tar 2 h. Water 

wae added and the mixture was extracted with ether, dried (!tg304). filtered. and concentrated. 

The crude product was purlfled by HPLC (Waters Prep 500; EtOAc/hexane, 3S:66) to give 62, pure 

by TLC (S.OS g. 233 from 51). IR (neat) veax 1759, 1481, 1221, l!SO CB-~. ‘H NNR 6 0.98 (0. 

3H), 1.04 (8, 3H), 1.12 (I, 3H), 4.4 (B. 3H). 5.36 (m. 2H). 6.12 (8. 1H). 7.2 (a. iOH). 13C 

NlIR 6 20.3 (q. 2C), 20.8 (q), 67.3 (dt. Jcp - 5.0 Hz), 70.0 (d), 74.0 id). 70.9 (d). 07.9 (d. 

Cl), 119.9 (d. PC), 120.1 (d, 2C). 125.4 (d. 2C). 129.3 (d, IC), 150.2 (de, Jcp - 6.8 Hz). 

189.0 (e), 169.3 (e), 16S.S (e). Only the a Isomer could be detected by 13C ?JRR. Anal. Calcd 

for C23H2sOl!P: C. 54.34; H. 4.96; P, 0.00. Found: C, 54.54; H, S.lO; P, 6.17. 

b_D-Riboee l.Wip~!~p&mte (ssb), Cyoloh&~~lalne Salt (3:lO). Acetate 82 (6.0 I, 10.1 

mol) war converted into 3Sb by the same procedure as described for the preparation of W,7a 

with the addition of ellver tetrafluoroborate to 63 prior to the addition of dlbenzyl phoz- 

phate, Thie ylslded the cyclohexylaeine salt of Sbb as a white powder (0.60 g. 8.8%). IR 

(K8r) urax 2SS0, 1629, 1621. 1564. lSS4. 1453. 1276. 1246 c.-!. 360~Rl!z ‘11 NMR (D20) 6 0.8- 

0.9 (m, 3.5 H). 0.9-1.1 (m, 13.SH). 1.27-1.38 (m, 3.SH). 1.4-1.5 (e, 6.9H), 1.60-1.72 (a. 

6.OH). 2.7S-2.9 (1. 3.38). 3.81-3.86 (m. 3A, III and H5), 3.87 (d. 1H. Ha. J2,3 - 4.7 Hz). 4.56 

(dd, lH, H2. J2,3 - 4.6 HZ, Jcp - 7.2 Hz). S.20 (d. lH, Hl. JPH - 6.6 HZ). 13C NNR (D2D) 6 

23.7, 24.2, 30.2. SO.! (cyclohsxylaelne); 6S.4 (d. CS, Jcp - 4.9 Hz): 70.5 (C3); 75.1 (d. JCP 

- S.9 Hz); 81.3 (d. C4, Jcp - 6.8 Hz); 102.0 (d, Cl, JcP - 3.0 Hz). Anal. Calcd for 

~~H~~0!!P~~3.3C~!$3N~2,4~~0: c. 43.77; H, 8.84; N. 6.7S; P. 9.10; H20. 6.35. Found: C. 43.92: 

H, 8.67; N, 6.89; P, 0.92: H20, 6.64. 
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