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A convenient synthesis of methyl 2.3-anhydro- 
z-D-ribofuranoside 

FRA~R M U~GER,RUDOLF CHRI.SITAN,A~D PETER WALDSTATTEN 

Sandoz ForsclrurlgsI?Isstrrlrt Ges m b H , A-I-735 lV;en (Aastrma) 

(Rrcened ISth, 1977 for pubhcatmn, 8th 1977) 

2,3-anhydropentofuranosldes can a large of reactlons 
nucleophlhc sclsslon the epoxrde as has revlewed’ ’ 

syntheses of and dlazldo of methyl we 
required amounts of pure methyl 3,3-anhydro-sc-D-lyxofuranoslde 

(5) pure methyl 2,3-anhydro-cr-D-nbofuranoslde (10) Whereas crystalhne 5 IS 
comemently obtained by the procedure of Baker et a/ 3, the method of Baker and 
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8R = C6H,N02(~J R’= Ms.R”= Bz 

9 R = C6H_,N02fpJ , R’ = TS R”= 62 

assoc 5 for the synthesis of 10 seemed less sultable as it mvolves a Fischer glycosylatlon 

late m the reactlon sequence and thus furnishes both the M and /I anomers Although 

these can be separated by vacuum dlstlllatlon, some cross-contammatlon IS &fficult to 

avold, as 10 has not been obtained in crystalhne form so far Moreover, we had no use 
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for the p anomer of 10 Therefore, an altematwe synthesis of 10, whxh 1s based on 

methyl 3,5-O-lsopropyhdene-r-D-xylofuranoslde (l), an Intermediate also required 
for the synthesis’ of 5, was dewsed Fmally, m repeatmg the synthesis of 5 accordmg 

to Baker et al 4, we succeeded m crystalhzm,o two of the mtermehates (3 and 4) 

previously reported’ as gums This alloned rawng the yield of pure 5 from 76% to 

94% (based on 1) 
Baker et al 4 separated the common mtennedlate 1 from its anomer by fractlonal 

dxsti!latlon In our hands, t 1 c analysis revealed the presence of a conslderable 
proportlon of b anomer m the fraction contammg 1 Hence, 1 was purified by column 

chromatography on slhca gel Anomerlcally pure 1 (by t 1 c and n m r analysis) was 
converted, m quantltatrve yield, mto the p-mtrobenzoate 2, whxh thus far has 
reslsted all attempts at crystalhzatlon Removal of the lsopropyhdene group \\~th 67% 

acetrc acid gave the crqstalhne Qxutrobenzoate 6 m 97% yield In all subsequent 

preparations, 6 was obtamed in crystalhne form without chromatographlc punfi- 

catlon of crude 1 Selectl\e monobenzoylatlon of 6 gave an S 1% yield of the crystallme 
5-benzoate-2-p-mtrobenzoate 7, L\ hrch 1~ as converted Into crystalhne methyl 5-0- 
benzoyl-3-O-methylsulfonyl- 2-O-p-nitrobenzoyl-z-D-x} lofuranoslde (8) m quantltn- 

tl\e yield Tosylatlon of 7 gabe a product mfenor to that obtamed by mesql,ltion, 

requirmg 4 days to aclue\e completion and to gl\e a 67% ~leld of crystalhne, but not 
pure 3-0-rosql dematl\e 9 Treatment of either 8 or 9 \\lth excess sodium methylate 

m methanol ga\ e the desired hghly pure methyl 2,3-anhydro-;c-D-nbofuranoslde 
(10) In quantltatl\e yield Dlbtlilation of 10 did not ImproLe Its purity, but caused loss 
of material 

The present synthesis of 10 offers he\eral advantages over the pre\lousll 
pubhshed procedure’ The ylcid o\er fi\ e stages (based on 1) IS 79%) the yield based 
on D-xylose IS - 310/L as compared to5 - 16% The product consists of only one 
anomer of high anomerlc punt! Three out of four mtermedlates are crystallme 

\i hereby purlficatron and scale-up are faclhtnted When repentmg the orlgmal 
synthesis of rhe /j w-epowde 5 accoidlng to Bnher ct ctl*, ~5: obtalned crystallme 
methyl 2-0-meth> Isulfonyl-A-D-~ylofuranos~de (J), 1s hlch Baker rt a/ 4 had not 
Isolated Relsoplopyhdenarlon of 4 dnd prepxawe t I c gave crystalhne 3, pre- 

\~ously described as a gum’ By use of the crqstallme mtermedlates 3 and 4, we \\ere 
able to rcllse the yield of pure 5 from the orlgmal 76% to 940,; (based on 1) 

EXPERI\IE\TAL 

Getzeraf - Meltmg pomts \\ere determined \\ith d Kofler hot-srage and are 
uncorrected Optical rotations were determined u rth a Perkm-Elmer 141 polaruneter 

Elemental analyses \iere performed by Dr J Zak, Mlhroanalytlsches Laboratormm 
am Instltut fur Physlkahsche Chemle, Uruversltdt Wlen N m r spectra were recorded 
~11th a Varlan HA-100 Instrument, tetramethylsllane betng the Internal standard, 
chemxal shifts are reported in p p m (S) and signals are described as s (smglet), 

d (doublet), t (trIplet), q (quartet), or m (complex multlplet), couplmg constants are 
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chloride (13 2 ml) III dry pyridme (50 ml), after the addmon, the reactlon was 

momtored by t 1 c (5 1, v/v, benzene-ethyl acetate) A maximum amount of 5-mono- 

benzoate 7 was formed after N 2 h, after L+ hrch time the reaction mixture was treated 

\\ith water (I ml) and evaporated to a syrup This \\as taken up m chloroform 

(200 ml), and the solution was washed successively with water, 3~ sodium hydrogen- 

sulfate, and saturated sodmm hydrogencarbonate (- 200 ml each), dried (magnesium 

sulfate), and evaporated The residue was dissolved m dry benzene (- 50 ml) and 
pentane was added to shght turbldlty, whereupon 7 crystallized as needles (45 g, 8 1 %), 

m p IX-127”, [XI;” + 70 lo (c 0 39. chloroform) (from ethyl acetate-pentane, 4 

crystallized as prisms, m p 95-96’) I”,,, EKot’ 26 1 nm (E 12 600) n m r (chloroform-d) 

S 3 20 (broad s, 1 H, OH-3), 3 42 (s, 3 H OCH,), 44&4 95 (m 4 H, H-3, H-4 
H-5,5’), 5 24 (d of d. 1 H fZ , w-2 Hz. J, 3 m-2 Hz, H-2), and 5 32 (d, 1 H, J, 7 

-2 Hz, H-l) 

And Calc for CzoH,gN09 C, 57 6 H 4 6 N, 3 4 Found C, 57 8 H 4 6 
N, 3 3 

&feti~_~ 1 3-0-berzzo> I-3-O-met/i~ iJlrifo~l_cl-_)-O-p-~l~trobeli=o~~l-~-~-~~ !oflJr n110wi~~ 

(8) - Compound 7 (S 4 g) lids dissolved m pyndlne (50 ml) and treated 11 lth methLme- 

sulfonyl chloride (1 S ml) accordrn g to standard procedure The crude, solid 8 \\‘rlb 

crystallized from 2-propanol to give needles (9 97 g, 100% m p 126-130”) after 
t\\o recrystalllzatlons, m D 12S-129”, [xl;” + 127’ (c 0 61, chloroform), I:~,“,” 257 
(E 13 300) and 231 nm (E 15 SOO), n m r (chloroform-c/) b 3 04 (s, 3 H, Ms), 3 36 

(s, 3 H, OCH,) 4 403 SO (m, 3 H, H-4_ H-5 5’) 5 20-5 45 (m, 2 H. H-l. H-2) and 
566(t, 1 H f31=J35 -3Hz, H-3) 

AJzal Calc for Cz,H,,NOllS C 509 H 42 N, 2 S S, 6 5 Found C, 50 S 

H 42 N,‘S,S,69 
it/et/l_1 f 3--o-bf??lZO~ J-;)-O-P-flJtJobcJJ~o~ 1-3-0-p-i0[\ iJll[f011_I i-CL-D-\_I /Ofill t2JlO.d~ 

(9) - To 7 (33 6 g) m dly pyrldme (100 ml) 1%~ added dropwse wth stlrrmg at 0” J 

solution of p-toluenesulfonyl chloride (21 5 g) In dry pyrldme (100 ml) After stlrrmg 
had been continued at room temperature for 4S h, more /I-toluenesulfonyl chloride 

(8 2) m p>rldme (40 ml) L\as added and stirring continued for a total of 72 h At thlh 
tmie no further change \tcis detectable by t 1 c (10 1, v/v, benzene-ethyl acetate), and 
the reaction mixture was poured onto crushed Ice (- 1 5 1) with efficient stirring and 

addltlon of seed crystals of 9 The hght-tan sohd that separated \\as filtered off, 
washed evtenslvely wth water, dried In a vacuum desiccator (calcium chloride), and 
crystalhzed from benzene-2-propanol as plates (32 6 g, 69%), nl p 145-151’ 
[%I;’ + 126’ (c 0 49 chloroform) lrnd, _ Era” 35s (E 14 500) and 226 nm (E 25 400), n m I 

(chloroform-rl) 6 2 30 is, 3 H, CH,-Ph) 3 36 (s, 3 H, OCH,), 4 35-4 7S (m, 3 H, 
H-4, H-5,5’), and 5 12-5 62 (m, 3 H, H-l, H-2, H-3) 

Alla/ Calc foi C,-HZSNO, ,S C, 56 6_ H, 4 5 N, 24 S, 5 7 Found C 56 6 
H,45 N,34,S,57 

kfetfl_l ( 2,hi’JlflJ dt 0-x-D-t 1bofrrruJlorrde (10) - Compound 8 (9 03 g), dlssol\ed 
IR warm (40’) 1 (V/V) benzene-methanol (100 ml), was treated with a solution of 

sodium (0 4 9 m dry methanol (50 ml) until the startmg material (R, of 8 0 86 
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RF of 10 -0 5) was no longer vwble by t I c (3 h, 5 5 I, v/v, benzene-butanone- 
ethanol) The mixture was evaporated, and the residue was dissolved m water (100 ml) 

and extracted with benzene (2 x 50 ml) The aqueous phase, \\hlch contamed all of 
the product, was evaporated to half Its orlgmal volume and was extracted for 48 h 

wth dlchloromethane m a hquld-llquld extractor Evaporation of the orgamc solvent, 

followed by drymg to constant weight m a desiccator (Dnente), gave pure 10 as a 
colorless syrup (2 6s g, lOO%), [XI;” t21 6”(c231, water) ht “b]:’ +I3 l”(c229, 
\\ater), n m r (chloroform-r/) 6 2 61 (t, 1 H, JOH_5 !,_s 5 - 3 Hz, OH-j), 3 49 
(s 3 H, OCH,), 3 60-3 SO ( m, 4 H, H-2, H-3, H-5,5’), 4 3 1 (t, I H, Ja 5 5 - 2 Hz, 
H-4), and 5 19 (s, 1 H. H-l) 

Meth I 3,5-O-rsopr opj I&em-2-Ometh1 Lwlfot~ I I-Y-D-\J Ioflrr anomie (3) - This 
compound \\as prepared by the procedure of Baker et al s In quantltatlve yield It had 
previously been reported4 as a gum, b]F ~-65 7” (c 1 3, methanol) CrystallIne 3 was 
obtained by lsopropyhdenatlon of t\i Ice-recrystallized 4, employmg the reactlon 
condltlons described by Baker et al 3 m p S5-56” (from ether-pentane), b]i” 
T 96 5” (c 1 chloroform) n m I- (chloroform-d) S 3 12 (s, 3 H, MS) 3 52 (s, 3 H, 

OCHJ 3 S6 (d of d I H, J, A -v2 Hz, J5 j -6 Hz, H-5), 4 05 (d of d, 1 H, 

Jj -I -2 Hz, Jj j -6 Hz H-5’), 4 20 (q 1 H, Ja 3 = Ja 5 j -2 Hz, H-4), 4 46 

(d of d, 1 H, J3 1 - I Hz J, I -2Hz H-3),497(dofd lH,J,, -IHz,J2, 
-2Hz,H-2),and526(d I H,J, 2 -2Hz,H-1) 

-inal Calc for C10Hly07S C, 42 6 H, 64 S 11 4 Found C -I2 5, H, 6 3, 

S II0 
Merlll I I-0-nleth1 larlfo~r~ I-r/-u-\ 1 lofk arlode (4) - This compounc was 

obtained by the procedure of Baher ef al ’ but tt crystalhzed m our hands (yield. 94%) 
.LS large prisms,, m p I IO-1 1 1 3 (from ethanol-toluene) [5(]2 + 3 01’ (c 0 47, \\ater) 
n m r (chloroform-&drmethyl sulfowde-cl,) S 3 15 (s, 3 H MS) 3 40 (s, 3 H 
OCH,) 3 67 (t, 2 H J, a zz J, oi,_5 -2 HZ H-5 5’) 409 (d oft. I H_ fA3 -3 Hz, 

J, 5 -2. Hz, H-l) 4 16 (q I H J3 1 1: J3 s c J, OH_3 - 3 Hz, H-3 superlmposed d 
I H, temp dep Jo,,_j 5 s -2Hz,OH-5) 4Sl(dofd I H,J,, -3Hz Jz3 -3Hz, 
H-2) 5 03 (d, 1 H, Jo,,_, 3 - 3 Hz, OH-3), and 5 51 (d, I H, J, Z -3 Hz, H-I) 

-iua/ Calc for C-H,,O-S C 34 7 H 5 S S, 13 2 Found C, 34 S H 5 7 

s 129 

/I!~lll\ I I 3-anhl d-o-z-d1 \ofrrr anmrde (5) - This compound was obtamed In 
quantltatlve yield from -I by the procedure of Baker et a/ ’ m p 7S-SO: (lit -F m p SO- 
S?“), b] 2 I 65 7” (c 0 42, L\ ater) [Iit A [x] A6 + 67” (c 2, \\ ater)] n m r (chloroform-r/) 
8 2 60 (t, I H, temp dep , JOt,_5 5 5 - 3 Hz OH-5), 3 45 (s 3 H OCH,), 3 67 and 

3 7s (2 d, 2 H, J, 3 - 2 HZ, H-2, H-3) 3 S6 (t, 2 H, J, -L 1: J, of,_5 - 3 Hz, H-5 5’) 
115(t, I H,J,, - 3 Hz, H-4), and -I 99 (s, 1 H, H-l) 
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