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A&r& The cleavage of the oxmoe nag of 3,Qanhydro-2_deoxy-D-thrco-pentose &ethyl acctal by vmous acebc acld 
dcnvahves - t~tmum(IV) lsopropoxldc combmahons are reported IO detxd The htgh regtoselecttvtty found wth 
tn(rsopropoxy)htuuum acetate serves as the baas for a synthests of 2-deoxy-D-nbose and tts ethyl furanostdcs m high 
yr4s and ophcal punty from non-carbohydrate precursors 
reagents 18 also descnbcd 

The syntbesu of other acyloxy tn(~sopropoxy)htamum 

In 1984, we described a two step synthesis of 2deoxy-D-nbose (3) from 3,4-anhydro-2deoxy-D-rhreo- 

pentose dlethyl acetal (l)la by aqueous alkab oxuane rmg cleavage of 1 and hydrolysis of the resultant acychc acetal 

(2)lb Whde the yield of 2deoxy-D-nbose was high, the opt~ccal purity was cu 54% The loss of opt& punty was 

due to conconutant Isomensatlon, re , Payne rearrangement3, of 1 durmg the oxuane cleavage process which gave 

parbally racermc 2 
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To mmmuze lsomensatlon, we decided mmally to carry out the cleavage of 1 III a non-aqueous medmm with 

a nucleophlhc hydroxide eqmvalent, for example acetoxy ion, m the presence of btamum (IV) lsopropoxlde, a well- 

known promoter of regloselectlve oxnane rmg openmg (Table 1)4 Llthmm acetate afforded the lughest yields that 
IS probably due to its greater solublhty m orgamc media. Smce dmzct NMR-based analyses of the reachon mixtures, 

pnor to workup, were unsmtable because of consnierable srgnal broadenmg m the presence of organoutanmms, the 

analyses were carried out after aqueous workup In all cases, the resultmg nuxture cor~sted of 3-, 4- and S-O-a&y1 

derlvatrves of 2deoxy-D-eryfhro-pentose dlethyl acetal (Zdeoxy-D-trbose dlethyl acetal) (4-6) The formation of 

the lsomenc acetals 1s attnbuted to acetyl rmgrauon that occurred dunng the aqueous sodmm btcarbonate workup of 

the reaction nuxture It IS well known that acetoxy groups on polyols have a prochvlty to nugrate from secondary to 

prnnary hydroxy group m mdd alkalme II&N& 
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Table 1. Ring Cleavage of 3,4_Anhydro3_deoxy_DJlirco_pentose Methyl Acetal(1) 

with lkjetd Acetate - TItanlam (IV) ImprqmW Cambln#hm. 

ltm cw 

xs 

ma bewmc 100 80 is 

ACOL 100 20 60 

ACOLI 50 80 65 

ACONa THE 100 65 20 

Ac0I.J THF 100 20 55 

Ada THF 50 65 58 

1 

J 

However, the posslblhty of an mQal Payne rearrangement of epoxlde (1) as well as a non-stereospeclfic 

nucleoptihc attack could not be excluded Both processes, combmed with the acyl rmgrauon, would result m loss 
of optical punty of the ace&l (6) We isolated the predominant 5-0-acetyl acetal(6) from the rmxture and detemned 

its optlcal punty by the Mosher method 6 It turned out that the conversion of 1 to 6 occms with nummal loss of 

optical punty, as evidenced by the absence of IsomensaUon and nucleophd~ attack at both C-3 and C-4 atoms 

Thus, sequentml reglosele&ve cleavage of the epoxlde (1). hydrolysis of the resultant acetoxy group and the a&al 

function afforded 2deoxy-D-nbose (3) with enanhomenc punty of about 96% 

Because the conversion was modest due to the harsh reaction condiuons qmred by the poor solublhty of the 

acetate salts m orgamc media, nukier conditions were sought. Prompted by the report of Wang that oxnane cleavage 
by tnmethylsdyl acetate IS facdltated m the presence of chrommm (III) reagents7, we decided to study its use m 

tltanmm (IV) Isopropoxlde-promoted cleavage reacttons of oxmme (1) Indeed, tmnethylsfiyl acetate - tUnmm (IV) 

lsopropoxlde was effecttve (95% yield) m convertmg 1 to 4 w~thm 15 hr at amblent temperature, but the course of 

the reaction 1s dependent on the order of reagent addmon For example, mlual moung of tmnethylsllyl acetate and 

tltanmm (IV) lsopropoxlde followed by tiuon of epoxlde (1) gave only acetal(4) In contrast, sequenual add&on 

of tltannnn (IV) lsopmpoxnie and tmnethylsilyl acetate to epoxlde (1) afforded two products acetal(4) and epoxlde 

5-0-tnmethylsilyl ether (7) m 1 1 mo 

The results are explamed mechamstlcally as shown in Scheme 1 ting of 1 and t~tanmm (IV) lsopropoxide 

results m the mmal formation of the titamum epoxyalkoxide (8) In the subsequent add&on of tnmethylsdyl acetate, 

an acetoxy group displaces either an epoxyalkoxy (Pathway A) or lsopropoxy group (Pathway B) to form the epoxy 

trunethylsdyl ether (7) or r-propoxytmnethylsdane, respec~vely Accordmg to thus scheme, epoxide cleavage occurs 

VUI mtermedmte (9) which contams both the epoxy alcohol and acetoxy hgands on titamum. c . 
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(1 l)was~~bymeansoft3Cand~iNMR.Spectralmo~ggowedgradualdls~ of tk slhcon 

and carbon resonances for trimethylsilyl acetate and the appeamnce of i-pr~poxyt&nemylsilane~ Tlus mfers the 

form&on of m(isopropoxy)titanium acetate, whrch was not previously used for n~kopbilic oxirane ring opemng9 

It can be obtamed not only as described, but also from acetic acid, acetrc anhydride and ethyl acetate We have 

determmed in all cases (except the latter) that the ut sifu formation of tri(tsopropoxy)tRamum acetate occurs at 

ambient temperature within 0 5 hour 

Thus, the regmselecttve cleavage of 1 wrth an acetoxy group affords an effrcrent enantroselectwe syntbesls of 

Zdeoxy-D-rrbose However, rt was essential that the acetyl group be subsmuted wrth other acyl groups, not mcltned 

to nugrate under mtld alkahne workup condmons For example, the mtgrat~on rate for the benzoyl group IS 30 ttmes 

less than that for the acetyl group4 With tbrs m mu& as well as the use of tire ptoluoyl morety for hydroxy group 

protectron tn nucleosnIe syntheses, we decnled to carry out se oxmme cleavages wnb m(tsopropoxy)t.ttamum p 

tolllate 

Tn(rsopropoxy)tttamum~toluate was obtamed by treatment of trtamum (IV) lsopropoxide wrth enherptolutc 

acid or tnmethylsrlyl p-toluate, as a VISCOUS, moisture senstttve liqmd The cleavage of oxtrane 1 with tn(lsopro- 

poxy)tkumuu p-toluate afforded only 3-O-(p-toluoyl)-2deoxy-D-eryrftro-pentose &ethyl acetal(l0) (96% yield) 

(Scheme 2) Cychzation of acetal(10) led to a m&ore of ethyl foranostdes (11) wbtch were separated by column 

chromatography and characterized by elemental analysts and NMR spectroscopy (Tables 2-4) Treatment of 

furanosldes (11) with p-toluoyl chlonde gave ethyl 3,5dt-O-(p-toluoyl)-2deoxy-D-eryrhro-pentofuranosxIes (12) 

as mtermechates for nucleoatde syntheses Thus, the. acyloxy trr(tsopmpoxy)manmms am excellent magents for 2,3- 

epoxyalcohol cleavages as shown for the synthesis of 2deoxy-D-nbose. 
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General Methods. Thm-layer chromatography was conducted on Stlufol UV254 (Kavaber, Czechoslovaloa) in 

methanol chloroform (1 10) wnh spot detecbon by heat Column chromatography was done on sthca gel Merck 60 

Optical rotabons were determmed with a Eerhm-Etmer spectropohuhueter 141 and NMR spectra were recorded wttb 

a Bruker CXP-200 (200 MHz, tH, 50 MHz, 13~) and AM-360 (360 MHz, lH, 90 MI&, 1%) Enanuomenc punty 

of >95% was found for 2,4-6 and 10 by the procedure of Mosher 6 

Tri(isopropoxy)titanium acetate. Method A A mtxture of chlorotnmetbylsrlane (10 8 g, 0 1 mol), anhydrous 

chloroform (60 ml) and anhydrous sodium acetate (16 0 g. 0 2 mol) was sttrted at ambtent temperature for cu 0 5 

h After Bltratron of the resultmg mixtum. tnanmm (IV) tsopropoxide (28 4 g, 0 1 mol) was added to the filtrate to 

fotm tn(tsopropoxy)tnanmm acetate and sutXctent anbydrous chloroform added to afford a 1M soltion (100 mL) 

Merhod B A solution of tttamum (IV) rsopropoxnk. (2 8 g, 0 01 mol) m anhydrous chloroform (6 ml) was treated 

with acehc anbydnde (1 0 g, 0 01 mol) and suffctent anhydrous chloroform added to afford a IM solutton (10 

mL) 

Method C tifers from method B by the use of acetrc acid (0 6 g, 0 01 mol) mstead of acetic anhydnde 
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3-0-Acetyl-2-deoxy-D-ery:ko-peutoae D&ethyl A&al (4). A solution of 3.4.snhydro-2-deoxy-D-threo- 
pentose &ethyl ace&l (1) (19 g, 0.01 mol), anhydrous chloroform (20 ml) and 1M tr@sopropoxy)titanmm acetate 
m chloroform (15 ml) was sbmd at ambient temperatme for lh The reaction mixtme was quenched with acetone 
(30 ml) and water (10 ml) and the resultant precipitate was separated by ceaWugatxm After drying of the futrate 
wuh auhydrous maguesium sulfate sad concematiou in WCUO, acetal(4) (2.3 g, 95%) was obtaiued as a yellow otl 
(Tables 2-4). [a] g -15 6O (c 2 05, CH3OH) Anal Calcd for Cl lH2206 C, 52 78, H, 8 86. Found C, 52 85, 

H, 8 80 

4-O-Acetyl- aud S-O-Acetyl-2.deoxy-D-erytkro-pentose Dietbyl Acetals (5-6) Au Identical reaction 
rmxture (cf 4) was quenched with acetone (30 ml) and aqueous saturated sodium bicarbonate solution (10 ml) The 
resultmg mottme was stnred for 0.5 h, formmg a precipitate that was easily removed by filt.rat~on through a pad of 
Cehte After drymg of the filtrate with anhydrous magnesmm sulfate and concentration UI vucuu, tbe residue was 
chromatographed with chlorofonamethanol (25.1) elution to give 3-O.acetyl-2-dcoxy-D-crgtkro-peatose 
diethyl a&al (4) (0 3 g, 11%). 4-O.acetyl acefal (5) (0 3 g, 11%) aud 5-O-acetyl acetal (6) (1 7 g, 52%) 
(Tables 2-4) Acetal(6), [a] b -7 go (c 145, CH3OH) Anal. Calcd for CtlH2206 C, 52 78, H, 8 86 Found 

C, 52 69, H, 8 89 

2-Deoxy-D-erytirro-pentose Dietbyl Acetal (2) and 2-Deoxy-D-erytko-pentose(2.Deoxy-D-ribose, 
3) A methanollc solution (10 ml) of the a&al mixture (4-6) (2 0 g, 8 0 mmol) and 0 5 M methanohc sodium 
methoxlde (70 mL) wss sun-cd at amblent temperatme for 4 h After concentration III vucuo, the KS&~ was filtered 
through a pad of s&a gel with &etbyl ether eluhon (Tables 2-4) [A&al (2), [a] g -23 7” (c 126. CH3OH) Anal 

Calcd for CgH2oO5 C, 51 90. H, 9 68 Found C. 52 15, H, 9 791 The acetal (2) (2 0 g, 1 2 mmol), ion- 
exchange resm QU-2 (0 2 g) and water (20 ml) was m at ambient temperature for lh, filtered and barmm 
carbonate (0 3 g) was added to the fdtrate After stimng for 0 5 h, fdhi&on and evaporauon UI vacua, the residue 

was crystalhzed from methanokethyl acetate (1 4) to affoti 2-deosy-D-ribose (3) (0 61 g, 86%), mp 89-91°C, 
[a] ; -56 lo (c 2 91, H20) [ht [a] D 20 -57 2’ (c 0 5, HzO)to] Anal Calcd for C5Hto04 C. 44 77, H, 7 52 

Found C, 44 59, H, 7 67 

Tn(iopropoxy)titaaium p-t&ate was obtamed by analogy with tr@opropoxy)btanmm acetate from titannun 
(IV) lsopropoxide and sodmmp-toluate (Method A) orp-tolmc acid (Method C) 

3-0-@Toluoyl)-2-deoxy-D-erythro-pentose Diethyl Acetal (10) A solution of 1 (1 9 g, 001 mol), 
anhydrous chloroform (20 ml) and 1M tn(~opropoxy)Wanhunp-toluate m chloroform (15 mL) was stmed at mom 
temperature for lh The reaction nuxture was quenched with acetone (30 ml) and saturated aqueous sodium 
btcarbonate (10 ml) and sbrmd for 3 h The suspension was fitered through a pad of Celne wrth addnional chloro- 

form elutron and the filtrate drred over anhydrous magnesmm sulfate aud concentrated zn vucuo. Ace&d (10)(2 9 g, 
96%) was obtamed as a yellow or1 (Tables 2-4) [al D 20 -214O (c 3 04, CH30H) Anal Calcd for Ct7H2606 

C, 62 56, H. 8 03 Found C, 62 58, H. 7 99. 

Ethyl 3-0-@-toluoyl)-2-deoxy-a,~-D-erytlrro-pentofuran~ides (lla-b) Au ethsnohc solution (10 ml) 

of acetal(l0) (0 8 g, 2 5 mmol) was treated with 0 1 ml of 1% ethanohc hydrogen chlonde The reactton mixture 
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was stnred at room temperature for 15 h and neutral&d with anhydrous potassmm carbonate (0 1 g) After 
filtratron and concentratron UI vo, the residue was purified by column chromatography with CHC13 CH30H 
(30 1) elution to afford the individual anomers as syrups (Tables 2-4) Etnyl-3~-(p-tol~oyl)-2~~~-~-D- 
erythro-pentofuranoside (118) (0 28 g, 45%); [a] g +75.12O (c 10 4, CH3OH) Anal Calcd for Ct5H2005 
C. 64 27, H, 7 19 Found C. 64 20; H. 7.22 B-anomer (llb) (0 31 g, 50%) [a] g -32 (no (c 10 5. CH30H) 

AnaL Found C, 64 27; H, 7 19 

Ethyl 3,5-di-0-@-tolnoyl)-2-deoxy-ar,~-D-crp~~,ro-pentofnronosides (12) A cold, well s&red (-5 to 
OT) soluuon of p-toluoyl chlorrde (0 63 g, 4 1 mmol) and dry pyndme (5 ml) was treated dropwrse wrth a soluuon 
of furanostdes (11) (0 95 g, 3 4 mmol) m dry dtchloroethane (10 ml) After sturmg at -5 to 0°C for 2 h, the 
drchloroethane was evaporated and the resrdue partrtroned between cold water and chloroform. The combrned 
extract was dned over anbydrous sodmm sulfate and concentrated UI vucnc Residual pyndme was removed by 

through a bed of srlrca gel wrth chloroform eluhon to afford furanos~des (12) (12 g, 89%) (Tables 2d 
Table 2.lH NMR Data (6, p.p.m.) for Compounds 2,4,6, lo-12 [in (CD&$01 

Compound Anomcr E-1 E-2 E-2’ R-3 R-4 E-5 E-5’ 
2 415 159 220 3 6s 344 356 368 
4 4 545 185 200 500 - 
6 4 162 162 202 3 68 360 404 4 24 
10 462s 206 2 14 5 286 3 866 360 - 
110 a 5 219 203 242 5 33 4 22 3 73 3 13 
llb B 5 29s 2 28 2 39 5 4s 4 23 368 3 68 
12a a 5 29 2 11 257 544 4s 4s 4s 
12b 6 5 33 2 35 249 558 449 45 4s 

Table 3.lH NMR Coupling Constants (Hz) for Compounds 2,4,6,10-12 [in (CD&CO] 

Compound J1,2 J1,2* J2,3 Jz*,o J2,2* J3,r J4.s J4,5* J5.P 
2 38 18 98 17 14 1 64 62 42 10 8 
4 44 71 93 53 145 - 
6 42 71 92 26 13 9 67 86 30 114 

10 48 64 84 44 145 50 44 65 - 
lla 095 5 25 19 77 143 34 35 3s - 
llb 53 29 44 69 14 3 26 51 51 - 
12a 11 53 22 79 144 21 - 
12b 53 26 52 70 140 20 - 

?j 

Table 4. 1%NMR Data (6, p.p.m.) for Chupounds 2, 4-6, lo-12 [in (CD3)2COl 

Compound C-l c-2 c-3 c-4 c-5 c=o 

2 102 03 37 7s 70 19 15 33 63 8s 
4 10124 3s 04 72 30 73 76 63 64 170 58 

5 101 67 37 91 67 89 78 01 62 03 170 18 
6 10194 37 82 69 59 73 31 66 60 17120 
10 101 32 35 13 72 98 73 93 63 71 166 39 
lla 10440 4008 75 73 84 96 63 02 16673 
llb 10484 4032 76 68 86 00 64 29 166 53 
12a 104 3s 39 76 75’60 8170 65 03 166 52 
12b 104 97 39 70 76 36 8240 65 95 166 36 

) 
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