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Abstract

Hydrolysis of 3’-deoxy-3’-(thymin-1-yl)thymidine, 3’-deoxy-3’-(uracil-1-yl)thymidine, and related furanoses
with two nucleobases has been mveSUgated 3'-B-Substituted analogues but not the 3'-o-substituted ones,
afford isomeric pyranose nucleosides as intermediates, which have been isolated (6¢ and 6d). Reduction of the
hydrolysis products with sodium borohydride afford the corresponding acyclic compounds (2’-deoxy-p-ribitol or

p-ribitol derivatives), which have been fully characterised as their peracetates. © 1999 Elsevier Science Ltd. All rights
reserved.
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In a previous work [1] we reported on the synthesis of eight novel nucleosides (the pento-
furanose derivatives with two nucleobases summarised in Figure 1), in six or seven high-
yielding steps from thymidine or uridine, respectlvely In pr1nc1p1e many related molecules
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Figure 1. T =thymin-1-yl, U = uracil-1-yl
Among the possible uses of these compounds, we envisaged that, if the cleavage of the

anomeric bond was feasible, they could be converted into different series of modified
nucleosides in a stereoselective way. For instance, several substances belonging to the iso-
nucleoside family, a set of analogues of growing interest [2-12], might be obtained from
appropriate thymidine-derived nucleosides (Fig. 1, left), either by hydrolysis, followed by

replacement of the anomeric OH group, or by elimination of the nucleobase at Cy- [13,14],
followed by reduction. Moreover, from these or other suitable derivatives, by hydrolysis
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i
cyclovir and ganciciovir (* seco—guanosmes ),
of phosphonomethoxyalkyl purines and pyrimidines, and of polyhydroxyalkyl purines (eg,
buciclovir) has attracted the attention of many laboratories, as shown by the number of
citations in recent reviews [15-18] and papers [19,20]. In this context, we report here studies
on (i) the relative stability of representative substrates under hydrolyszs condmons and (ii) the

preparation of acyclic nucleosi
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or uracil rings have been evaluated, it is reasonable to
extrapolated to other substrates.

Results and Discussion

From thymidine we prepared the precursors 1a—d, as previously reported [1], which were
cyclised in dilute sulfuric acid and dioxan [21] to the desired 3’-deoxy-3’-(thymin-1-
yDthymidine (2a), 3’-deoxy-3’-(uracil-1-yl)thymidine (2b), 1-[2,3-dideoxy-3-(thymin-1-yl)-
B-D-threo- pentofuranosyl]thvmme (2c) and 1-[2,3-dideoxy-3-(uracil-1 vl) B-D- threo pento-

The s tablhty to hydrolysis of 2a and 2b was investigated first. Their hydrolysis in 1 M
H»SOg4—dioxan 1:1 (ie, under the conditions in which 1a and 1b cyclise to 2a and 2b,
respectively) was extremely low, since after refluxing for 2-3 days only one third of the
starting material was hydrolysed. However, when 2a and 2b were independently refluxed in
:1, they were completely hydrolysed within 24 h. Similarly, heating at

removal of the trityl group) and the cleavage of the nucleosidic bond could be performed in
one pot, to shorten the synthetic sequence from thymidine. In fact, when 1a and 1b were
independently heated at 100 °C in a 1:1 mixture of 4 M H,SO4 and dioxan, formation of the
pyrimidine rmg at C3' and removal of the thymine ring at C;- was complete in 24 h.

hyde~luoia mendirate vrara mnrifiad khy flach nheamntacgranhg ta oiva a4 mivhirae AF fatrtasmanes
llyUlUlyblb plUUubLb WwClT pulliii 9] 1iasil vilviidivgiapil WU E1VD d IIIALUIT Ul LdULULLICI>
Ve I ] o )] L 1N ~n A1go7 <A ~1.1 L 1YY ANTR AT Lt
(mcncatea as 3a and .)D s€e dcneme 1), 1n /u—/J0% Crude yields. 1ne 'H NMK Spectrum in

CD30D of 3a, for instance, shows the presence of at least three anomeric protons and of four
signals corresponding to thymine He protons. After reduction of 3a and 3b with NaBH4 in
MeOH (to triols 4a and 4b, insoluble in organic solvents, not purified), followed by
treatment with acetic anhydride in pyridine, tri-O-acetyl-derivatives 5a and 5b (which could

cterised) were obtained, in 34% and 21% overall }IIg]d rom 1a and 1b
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Scheme 1. (i) | M H;SO4-dioxan 1:1, A, 4 b; (i) 4 M H;SO4-dioxan 1:1, A, 20-24 h; (iii) NaBH4, MeCH,
0 °C, 20 min; (iv) Ac;0, pyridine, rt, 7 h, 34% overall yield of 5a from 1a, 21% overall yield of 5b from 1b

When 1c and 1d (or when 2¢ and 2d, see Scheme 2) were subjected to the above-
mentioned hydrolysis conditions, the starting materials also disappeared within 24 h, with
formation of the desired compounds 3¢ and 3d, respectively; however, in both cases another
product of intermediate R¢ was also noted. These two unexpected compounds were resistant
or three days small amounts were still detected in the
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corresponding hydrolysis mixtures.
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Scheme 2. (i) | M H,SO4—dioxan 1:1, A, 4 h; (ii) 4 M H,SO4—dioxan 1:1, A,
24-72 h, 46% overall yield of 3¢ from 1¢, 36% overall yield of 3d from 1d

"!

d
appearing at ca. 8 70 ppm, which is typical of pyranoside nucleosides, while a chemical shift
around & 85 ppm is to be expected for furanoside nucleosides) [22]. Moreover, the B
configuration at Cj' was deduced from the main 3Jyy values (see Figure 2), which were
practically identical for the two compounds. Therefore, structures 6¢ and 6d, respectively,

were attributed to them
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Figure 2. >/, values for both 6¢ and 6d

Formation of compounds 6¢ and 6d supports a hydrolysis mechanism in which the C1-—O

hand Af Y0 and VA4 10 ~rlaavyvad Firct neatanatinm ~Af tha Avvan Nt 2o o Fcinan i vt e oo
UULIU Ul &L alliu &#U 1D Litaveu 1iidt, VLu pPiruviiauvil Oi tne U)\ygc LOLI 111 LHC utd[lUbU uug
[23]. The intermediates formed in this way may then undergo hydrolysis to the desired

products (3¢ and 3d) or may equilibrate to other isomers, among which 6c¢ and 6d, that are
much more slowly hydrolysed. This last fact is understandable taking into account the [
configuration of these glycosides and the equatorial arrangement in a chair conformation of
the three substituents,

Compounds 3¢ and 3d could also be characterized by NMR spectroscopy. Each one
turned out to be a 1:1 mixture of the o and P pyranose isomers. Unlike 3a and 3b, no
furanose forms were observed in the soivent utilised. Reduction of 3¢ and 3d with NaBHj4 in
MeOH to 4¢ and 4d, respectively (which were not isolated), followed by treatment with
acetic anhydride in pyridine afforded tri- O-acetyl derivatives Sc¢ and 5d (Scheme 3), in 38%

and 21% overall yields from 1e¢ and 1d, respectively.

%

a2 ] 0Ac
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3¢, 3d I sceea T Al e (
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Bo=1:1) 5 OH B
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Scheme 3. (i) NaBH4, MeOH, 0 °C, 20 min; (ii) Ac,O, pyridine, 1t, 7 h,
39% overall yield of Sc from 1¢, 21% overall yield of 5d from 1d

to those obtained (as a mixture) from the direct reaction
]
1

and with pvrimidines. in connection with studies about
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the possibility of spontaneous nucleic acid syntheses [25], or with guanines in the presence of
P4010/H;O/BusN [26].

It is well known [23] that uridine derivatives are much less prone to hydrolysis at the
anomeric center than thymidine derivatives and, in general, than Cy--unsubstituted nucleos-

ides. Nevertheless, for the sake of comparison, we investigated the behaviour under hydro-
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mentioned conditions (suifuric acid at different concentrations an dloxan) decomposition to
uracil and thymine occurred before complete hydrolysis of the starting material could be
observed. With this and other uridine-derived substrates (Figure 1, right formulae), we also
tried alternative reaction conditions [Me3SiOTf/lutidine, (Me3Si)2NH/Me3SiCl] aimed at

cleaving the Cy—N bond, ie to remove selectlvely the nucleobase at the anomeric carbon

tAam  arithoan

n + o
ALULLL, WILHIVUUL O

CCE88. Appaic ltl)’, elimin
the loss of the nucleobase at C;j-.

In summary, we have disclosed a strategy for obtaining isonucleosides and acyclo-
nucleosides from thymidine derivatives with an additional nucleobase at C3’; however, it

cannot be applied at present to uridine derivatives with an additional nucleobase at Cy-.

Experimental
AAaltiomn snminmbs virara datarainad writh 0 Diialhi saaalese s '\A: Anmarntio and aea 11 e 0] e 1oL b
IVEICILLLEE PULLILD WUIC UCLCLHHLCU wWill a DUCHil meiti 13 puUilL PP s auu AT UWLLCOULICCLCU. TUT 11ddil CIH OHato-
graphic separations, 0.040-0.063 mesh silica gel was used, and for analytical TLC Merck silica gel plates with F-

254 indicator. Specific rotations were obtained at 20 °C on a Perkin-Elmer 241MC polarimeter. Infrared spectra
were run on a Perkin Elmer 681 spectrometer or a Nicolet 510 FT-IR spectrometer. NMR spectra were recorded
on Varian Gemini-200 or Varian 300 Unity Plus spectrometers, in either CDCl3 or CD3;0D (as indicated in each
case); chemical shifts are reported in ppm relative to TMS; coupling constants (J) are given in Hz. Mass spectra
were obtained on HP 5988A or VG-Quattro spectrometers. High-resolution mass spectra were registered at
C.A.C.T.L,, Universidade de Vigo. Microanalyses were performed by the C.I.D. (C.S.1.C., Barcelona).

Compounds la—d and 2a—d were prepared as previously reported [1].

(28,35)-1,2,5-Tri-O-acetyl-3-(thymin-1-yl)-1

Ul

-pentanetriol (5a). Compound 1a (256 mg,

s 0y

0.41 mmol) was dissoived in 3 mL of dioxan and 3 mL I 4 M H,S04. After stirring for 24 h at 100 °C, the
reaction mixture was neutralised by addition of solid NaHCO3 and the solvent was evaporated under reduced
nnnnnnnnn TClach ~Aheamantagromber (AOIT 1. AN QON1NN AF tha racidiia affardad £0 g ~AF A svenlaer i bazsa
plcbaulc 11adii LUJ.U uatuglapu_y AL D —IVIDUILL JUL 1V ) UL LT 1T0OIUUC alivuiucu vr 1115 Ul a bUlll})lCA HLEALULIT
(70% crude yield) which was dissolved in 2 of MeOH and cooled to 0 °C. Sodium borohydride (69 mg) was
then added in small portions. After stirring for 20 min, CO, gas was bubbled through the reaction mixture for 5
min and pH was adiusted to 7.0 by addition of 2 M HCI. The solvent was then evaporated under reduced

pressure and the resulting residue was suspended, under N atmosphere, in 2 mL of anhydrous pyridine. Acetic
anhydride (250 pL) was then added at O °C and stirring was continued for 7 h at rt. The reaction was quenched
with 1 mL of MeOH and the solvent was evaporated under reduced pressure. Flash chromatography (EtOAc—
hexanes 85:15) of the resulting residue afforded 52 mg (34% from 1a) of 5a as a white solid: mp 124-125 °C
(EtOAc—hexanes); Ry (CH,Cl,-MeOH 95:5) 0.27; [a]p = -37.4 (¢ 1.0, CH,Cl); IR (film) 1740, 1680; 'H
NMR (CDCl3, 300 MHz) & 1.95 (d, 3 H, J=1.2, Me-Cs), 2.02 (s, 3 H, CH3CO), 2.06 (s, 3 H, CH3CO), 2.13
(s, 3 H, CH5CO), 4.03-4.09 (m, 3 H, Hy+H;"+Hs), 4.26 (dd, 1 H, J55-=12.3, J45+=3.0, Hs"), 4.83 (broad

signal, 1 H, Hy), 5.32 (br s, 1 H, Hy), 6.97 (q, 1 H, J=1.2, He), 8.97 (br s, 1 H, NH); 3C NMR (CDCl,
oA RATY N\, S 1Y A 728 _ £ N ANE 770Y NN AN L 7770 MY AINT T MY DT Ly N SN L&y N £NA £t
75.4 MHz): 0 12.4 (Me-Cs), 20.5 (CH3CO), 20.6 (Ch3C0), 20.7 (Cn3C0), 27.0 (Cy), 532.0 (Ty), 6U.4, 62.1
ol amAd Y 1A MO N 1117 (0N 1TAK (DY 1K1Y (O TR2K (Y 1TAOQ (XTI 17902 (CH_ MW
(L aiid Usj, 719 (L), 1117 (v5), 130.0 (§), 1J1.1 \2), 195,04/, 107.7 (LI130 U, 170 (odijuvy,
170.6 (CH3CO); MS (CI, NH3) 371 ([M+1]+, 19%), 388 ([M+NH4]*, 100%). Anal. Calcd for C14H2,N20s: C:
51.89%, H: 5.99%, N: 7.56%. Found: C: 51.79%, H: 5.98%, N: 7.49%.
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(25,35)-1,2,5-Tri-0-acetyl-3-(uracil-1-yl)-1,2,5-pentanetriol (5b). When 1b (269 mg, 0.43
mmol) was treated as described above for 1a, 32 mg of 5b (21% from 1b) were obtained as a gum: Ry

(CH2Cl-MeOH 95:5) 0.27; [a]p = —-36.5 (¢ 1.2, CH,Clp); IR (film) 1740, 1690; 'H NMR (CDCl;, 300 MHz)
8 2.03 (s, 3 H, CH3CO0), 2.07 (s, 3 H, CH3CO), 2.12 (s, 3 H, CH3CO), 2.16 (m, 2 H, Hy+H,), 4.06 (dd, 1

£ A X\

H, Jys5= 45=5.4, Hs), 4.08 (t, 2 H, J1'2=6.3, methylene protons Hy and H~), 4.29 (dd, 1 H,
Foeese191 7.2 & I\ AQE (o 1 LT 1T N\ £2%2 /ha o 1 17 IT N £77Q 74 1 IT I _7 Q I¥ ~ s o3 4
J58T=14.0, J4'§'=I.U, 15"}, 4.0 \UI b, 1 11, 113'), D33 (0L §, 1 11, riy), 3./6 (Q, I 1, J=/.6, ns), /.10 (Q, 1
H J=78 HNY QR (hr ¢ | H NHY- 13C NMR /CNCL., 7854 MU 8 MN& (I CNY INT (/7 O AN O
Aly w=1.U Li{)y U.GU \WL 5, 1 ki, 1¥11), Mo ANAVIIN NN ARy F UV UVIMLL ) U AVLU (LTI, LU T (LII3WV), 4LV.0
(CH3CO), 27.4 (Cy), 53.4 (C3), 60.4, 62.0 (Cyr and Cs), 71.4 (Cy4), 103.0 (Cs), 141.4 (Cg), 150.9 (Cy),
162.6 (C4), 169.8 (CH3CO), 170.3 (CH;CO), 170.7 (CH3CO); MS (CI, NH3) 357 ([M+1}*, 10%), 374
([M+NH4}*, 100%); HRMS (EI) M* found 356.12097, C,5sHoN,Og requires 356.12197.

(25,3R)-1,2,5-Tri-O-acetyl-3-(thymin-1-yl)-1,2,5-pentanetriol (5¢). Compound 1¢ (214 mg,
0.34 mmol) was dissolved in 3 mL of dioxan and 3 mL of 4 M H,SO,4 and heated at 100 °C for 67 h. After
cooling, the mixture was neutralised by addition of solid NaHCO3, and the solvent was evaporated under reduced
pressure. Flash chromatography (CH,Cl,-MeOH 90:10) of the residue afforded 14 mg (12%) of 6¢ and 38 mg

(46%) of 3¢. 1-[2,3-Dideoxy-3-(thymin-1-yl)-B-D-threo-pentopyranosylithymine (6c): white solid;
mp 228 °C (dec.); Rf (CHCl,-MeOH 8§5:15) 0.39; [a]p = +14.3 (¢ 0.9, MeOH); IR (film) 3420 (br), 1695; 'H

NMR (CD;0D, 300 MHz) & 1.89 (d, 3 H, /=1.2, Me), 1.50 (d, 3 H, J=1.2, Me), 2.08 (ddd, 1 H, /=12.3,
T ini=A D F..._24A IT .Y D27 fencarnd~ -~ 1 1O T —17 1 T —11 7 T 1N 0 TY_. N 2 AA 731 1 1T
JR3FF.L, SN2 L, R1D) L0 \POCUUL {4, 1 11, U =140, J2"3'=—11.7, J1'2"=1V.0, I12")}), O.44 (UU, 1 I,
I=—108 J=06 Hs) 403416 (m 2 H H,2H:) 440486 (m 1 H H.) §70 (Add 1 H J.mue10) R
4 LV Uy LWy EL}Y Jy TUITTVAAU \LLLy & L1y ERQTRLAYT )y TWTZTUTLUINU (UL, 1 0R, K1), JoF 7 \Uu, 1 1, J[2F—1V.L0,
Jr2=2.4, Hy), 7.57 (q, 1 H, J=1.2, Hg), 7.58 (q, 1 H, J=1.2, Hg); 13C NMR (CD30D, 75.4 MHz) & 12.4 (
X Me), 34.5 (C3), 60.1 (C3), 66.7 (Cs), 71.1 (C4), 81.9 (C,) 111.6 (Cs), 111.9 (Cs), 137.6 (Cg), 140.2

(Cg), 153.2 (Cy), 166.4 (Cy), 167.5 (Cy); MS (FAB*) 351.0 [M+1]+; HRMS (EI) M+ found 350.12291,
C5H13N4O¢ requires 350.12264. 2,3-Dideoxy-3-(thymin-1-yl)-D-threo-pentopyranose (3c, mix-
ture of anomers): Ry (CH,Cl,-MeOH 85:15) 0.27; IR (film) 3345 (br), 1690; 'H NMR (CD;0D, 300 MHz)
5 1.88 (d, 3 H, J=1.2, Me), 1.89 (d, 3 H, J=1.2, Me), 1.90~1.96 (m, 2 H, Hy of both anomers), 2.04 (ddd, 1
H, Jyp=12.5, Jp-3=4.5, Jy2+=2.3, Hy+, anomer PB), 2.10 (dd, 1 H, Jyp»=13.1, J;p-=3.4, H,, anomer o),
3.67 (dd, 1 H, J55=10.6, J45=5.6, Hs, anomer ), 3.88 (t, J45-=Js559=10.4, Hs+, anomer B), 3.91-4.03 (m,
3 H, Hy of anomer o + Hy of anomer B + Hs of anomer o), 4.40 (ddd, 1 H, J=12.6, J=9.7, J=4.5, H3,
anomer f), 4.70—4.80 (m, 1 H, H3, anomer o), 4.83 (H;- of anomer B, obscured by solvent signals), 5.28 (dd,

1 1T ' 4 ~ 4 ' ~ Y ~ AN 7 1 TY r 1= " rrY N ~ &1 rd 1T YY
1 H, Ji2=3.4, J1p=1.2, Hy, anomer o), 7.49 (q, 1 H, J=1.2, Hg), 7.51 {q, 1 H, j=1.2, Hg), assignments
el 1 L NCVY. 1300 NN MY MY TEA RALTY K 192 D o NN 2£ 0 70 v 277 Q 76y \ & £y N\
COITODOIACa Oy LUS I, U INIVIR (LUU3UL, 104 IMINLZ) O 14.5 (2« X MIE), 30.U (L), 27.0 (L), 37.2 {(L3y),
SQR . AR2O0 N BT O N AT0Q(C.N BRA M) 022 (- 0K (. ) 111 AN 111 8 () 140D
Jd7.0 (W47, U T \Lnj Jy VT .é \No g7 )y UT .7 \Nq']y VO NNy e \]7)y, ZULT \bl}, 1L11."r \\.'5}, 11X.J \\./5}, i1ru.v
(Ce), 140.3 (Cg), 153.3 (Cy), 166.4 (C4); MS (FAB+) 242.9 [M+1]*.

Compound 3¢ (38 mg, 0.16 mmol) was dissolved in 1 mL of MeOH, cooled to 0 °C, and 40 mg of NaBH,

were then added in small portions. After stirring for 15 min, CO; gas was bubbled through the reaction mixture
for 5 min and the pH was adjusted to 7.0 by addition of 2 M HCI. The solvent was then evaporated under
reduced pressure and the residue was suspended, under nitrogen atmosphere, in 1 mL of anhydrous pyridine.
Acetic anhydride (300 pL) was added at 0 “C and stirring was continued for 7 h at rit. The reaction was quenched
with 1 mL of MeOH and the solvent was evaporated under reduced pressure. Flash chromatography
(EtOAc-hexanes 85:15) of the resulting residue afforded 49 mg (39% from 1¢) of Sc as a white solid: mp 86-88
°C; Ry (CH,Clp-MeOH 95:5) 0.26; [ap = +65.3 (¢ 2.3, CHClp); IR (film) 1735, 1685; tH NMR (CDCl3, 200
MHZ) 8195 (d, 3 H, J=1.2, Me-Cs), 2.03 (s, 3 H, CH;CO) 2.04 (s, 3 H, CH3CO), 2. 12 (s,3H, CH3CO)

fe A TT H £ A XY A

.2, Hy and Hyv), 4.40
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(28,3R)-1,2,5-Tri-O-acetyl-3-(uracil-1-yl)-1,2,5-pentanetriol (5d). Compound 1d (226 mg,
0.36 mmol) was dissolved in 2.5 mL of dioxan and 2.5 mL of 4 M H,SO4 and the mixture was heated for 64 h at
100 °C. After neutralisation with solid NaHCO 3, column chromatography as in the case of 1¢ and evaporation of

71900

the solvent afforded 13 mg(li) of 6d and 30 mg of a mixture that was purmea agam on silica gex to afford 3d.

i- M,a-umeaxy-a-\ﬁfacin-1-33)-5-B-threa-rxe‘-tﬁpyraﬁﬁsyl]thy“mﬁe {(6d): whiie solid; mp 160 °C
fAar - (M. MaN QK- 1Y N2 Tl — QY2 /7-~D0 MaNIN. TD 7l 180K, IU NRAD 70T N 2NN
ace. ), 1\1 A1 VIOUIL OJ.1J ) V.JOJ, [ KD = —04.2 \{ V.7, Vil Ur ), 1N (11idTy lUDJ, I INIVIRN (LU, DWW
MHz) & 1.88 (d, 3 H, J=1.2, Me), 2.11 (ddd, | H, Jy2-=12.5, Jp3=4.1, J2=2.5, Hy), 2.37 (pseudo q, 1 H,
Jann=12.5, Joy=11.1, Jp-=10.8, A-g'-)i 345 (dd 1 H,J=11.0, J=98, Hs), 404416 (m, 2 H, Hy+H:"),

4.52 (td, 1 H, Jyra=Jya=11.1, Jy3=4.1, Hz), 5.71 (d, 1 H, J=8.1, Hs), 5.79 (dd, 1 H, J;»-=10.8, Jy2=2.5,
Hy), 7.56 (g, 1 H, J=1.2, HgT), 7.71 (d 1 H, J=8.1, HgV); 13C NMR (CD;0D, 75.4 MHz) 8 12.3 (Me), 34.5
(C2), 60.7 (C31), 66.6 (Cs), 71.1 (Cyq?), 82.0 (Cyp), 102.7 (CsY), 111.9 (CsT), 137.5 (CgT), 144.6 (CgY), 151.9
(Cy), 153.0 (C,), 166.1 (Cy); MS (FAB*) 337.1 [M+1]+; HRMS (EI) M* found 336.10696, C;4H;sN40s
requires 336.10698. 2,3-Dideoxy-3-(uracil-1-yl)-D-threo-pentopyranose (3d, mixture of ano-
mers): R¢ (CH,Cl>-MeOH 85:15) 0.21; IR (film) 3370, 1685; 'H NMR (CD;0D, 300 MHz) 8 1.84-1.90 (m, 1
H, Hy, anomer B), 1.94 (ddd, 1 H, Jyy=12.6, J3=4.4, Jy2=1.3, Hy, anomer o), 2.06 (ddd, 1 H,
Jypr=12.5, Jyn3=4.4, Jyo»= 2.3, Hy, anomer B), 2.13 (dd, 1 H, J3,+=12.6, J;'3»=3.3, Hj-, anomer o), 3.67

(dd, 1 H, J55=10.6, Jy5= 5.5, Hs, anomer B), 3.88 (t, J45-=J55-=10.5, Hs~, anomer B), 3.89-4.01 (m, 3 H,
Hy of anomer o + Hy of anomer P + Hs- of anomer a), 4.39 (ddd, 1 H, J=12.7, J=10.1, J=4.4, H3, anomer
RY A LD A TQfm 1T .. anamar ) A Q2 (., Af anamar R aheonrar 1 hy enlyonty §9Q 44 1 10 1 21
IJ}, FUTTH T T QL 1 11y 119, allUllivl W), 7.00 11}’ Ul 4diiviiivl ’J, vuUoLuULLuG U_y QUILIVVHIL), .40 (U, 1 11, J]P7"—J.1,
Jy= 2.3, Hy, anomer ), 5.68 (d, 1 H, J=8.1, Hs), 5.69 (d, 1 H, J=8.1, Hs), 7.65 (d, 1 H, J=8.1, Hg), 7.66
(d, 1 H, J=8.1, Hg), assignments confirmed by COSY; 13C NMR (CD10D, 75.4 MHz) & 36 (Cz-); 37.8 (C3)

57.6 (C3), 60.2 (C3), 64.0 (Cs), 67.3 (Cy), 67.9 (Cy), 68.6 (Cs1), 92.2 (Cy), 96.3 (Cy), 102.5 (Cs), 102.6
(Cs), 144.5 (Cg), 144.7 (Cg), 153.2 (Cy), 166.4 (C4); MS (FAB+) 228.9 [M+1]*.

A sample of 3d (30 mg) was dissolved in 1 mL of MeOH and cooled to 0 °C. Sodium borohydride (30 mg)
was then added and stirring was continued for 15 min. Carbon dioxide was bubbled through the reaction mixture
for 5 min and the pH was then adjusted to 7.0 by addition of 2 M HCI. After evaporation of the solvent, the
residue was suspended, under nitrogen atmosphere, in 1 mL of anhydrous pyridine, and 300 pL of acetic
anhydride were added at O "C. Stirring at rt was continued for 6 h and afterwards the reaction was quenched by
addition of 1 mL of MeOH. Evaporation of the solvent under reduced pressure and separation by flash chromato-

o T ;-“-

graphy afforded 27 mg (21% from id) of 5d as a gum: Ry (CH,Ci,—MeOH 95:5) 0.28; IR (film) 1740, 1675;

[ ] LL N7 Y 1']’ ANIRADY 7Y ANN AMATT_ N S A NA 7+ 2 IT MAIY O A NA 7o DI AYY MAN
[o]p= +66.0 (¢ 1.3, CH,Cl,); tH NMR (CDCls, 300 MHz) 0 2.04 (s, 3 H, CH3CO), 2.04 (s, 3 H, CH3CO),
112 ¢c 2 U CH.OO) 202 (dd 1T H Teen=1223 Joe=55 H) 400¢t 2 H T...=60 methvlene nrotons
L1048, O, Lini3vy), 5.50 U0, 1 1, J§§IT14L.5, V4500, 115, TWUT L, & 11, v 72770V, HICUYICHU Pprodiiis
H; and Hy+), 4.40 (dd, | H, Jy5=12.3, J45=4.2, Hs), 5.10 (br s, 1 H, H3), 5.40 (br s, 1 H, Hy), 5.78 (4,
1 H, J=7.8, Hs), 7.31 (d, 1 H, J=7.8, Hg), 9.59 (br s, 1 H, NH); 13C NMR (CDCls, 75.4 MHz) § 20.6

CH;CO), 20.7 (CH3CO), 20.7 (CH3CO), 29.0 (C»y), 51.4 (C3), 60.0, 62.3 (Cy and Cs), 71.3 (Cy), 102.3
(Cs), 141.2 (Cg), 151.3 (Cy), 162.9 (Cy), 169.5 (CH3CO), 170.3 (CH3CO), 170.7 (CH3CO); MS (CI, NH3)
357 (IM+1]*, 10%), 374 ([M+NH4]*, 100%); HRMS (EI) M* found 356.12261, CsH»oN,Og requires
356.12197.
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