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Abstract:  1,4-Anhydro-3-O-benzyl-2,5-dideoxy-4a-carba-DL-erythro-hex-1-enitol-uronic  acid (5) was
transformed by chain degradation under suitable protection and reaction with m-CPBA into 5-O-acetyl-1,2-
anhydro-4a-carba-a.-DL-xylofuranose (37). Replacement of the triflate by azide gave 5-O-acetyl-1,2-anhydro-3-
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azido-3-deoxy-4a-carba-a.-DL-ribofuranose (39), a versatile intermediate for the preparation of 3-azido- and 3-

. s , A
amino-4a-carbanucleosides. Similarly via 5-deoxy-4a-carba-o-DL-xylo-hexofuranurono-6,3-lactone (2) 5-O-
acetyl-3-azido-3-deoxy-1,2-isopropylidene-4a-carba-a-DL-ribofuranose {19) was prepared which can serve for

urpose. © 1998 Elsevier Science Lid. All rights reserved.

INTRODUCTION

Puromycin, 6-dimethylamino-9-[3 -deoxy-3"-(4-methoxy-L-p-phenylalanylamino)-f-D-
ribofuranosylj-9H-purine, was isolated by Porfer [i] from the fermentation broth of
Streptomyces alboniger and the first total synthesis was performed by Baker [2] in 1955.
Chryscandin, 1-(6-amino-9H-purine-9-yl)-3-deoxy-3-(4-methoxy-L-f3-phenylalanylamino)-p-

hrath af
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D-ribofuranuronic acid. was isolated in 1984 hy Yamashita [31 from the fermentation

a SN0 L 4 TIevsoTr J ALWVill Vildw dlwililiiwilraa 11
Chrysosporum pannorum, and the structure was determined in the same laboratory [4,5]. Since
these days numerous derivatives were characterised [6]. Puromycin and carbapuromycin
possess a biological broad-band activity against Gram-positive and Gram-negative bacteria
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[7,8,9] and are cytotoxic to mouse leukemia celis [10]. Chryscandin also shows antibacterial
activity, but it has no activity against Gram-negative bacteria and filamentous fungi.

The total synthesis of carbapuromycm was pubhshed by Vince [11,12,13], startmg from 3-
performed yet. The synthesis of the carbasugar part was achieved via epoxide opening with
NaN,, or from the corresponding oxime [14].

In continuation of our work on syntheses of carbanucleosides [15,16] and carbasugars

39. The aim is to explore novel preparative srrategies for this class of 3-azido-4a-
carbasugars. Thus the synthetic access can be chosen depending on the starting material or the
desired protection pattern and derivatisation of the product. In particular these intermediates

I n of the nucleoside base at C-1 [20,21,22,23] whereas in the
syntheses described [12,13,14] the purine ring had to be built up.

Starting from easily accessible acid 4 [24] chain degradation necessary was achieved either
via a variant of the Hunsdiecker reaction [25,26,27] or by Curtius degradation. Alternatively,
unsaturated acid 5 was transformed into amine 24 and further on the corresponding N-nitroso
amides 26 and 34 were rearranged into benzoate 27 or acetate 35. Derivatisation of the double
bond was done stereoselectively after chain degradation. To estimate the influence of the side
chain on the S\ 2 reaction benzoate or acetate was used, where acetate always gave better

yields. The steric effect of the isoprop opylidene group favoured the concurring elimination,

uuuuuu 223 L L 1 vl sLUUE 110

The known [28,29] lactone 1 was synthesised starting from bicyclo[2.2.1]hept-5-en-2-one in
71% yield cis-Dihydroxylation with OsO,/N-methylmorpholine-N-oxide (NMNO) and
formation of the acetonide afforded compound 3. Lactones 1 or 3 were opened by treatment
with KOH in boiling 1,4-dioxane. Protection of the intermediate hydroxy acids was performed
with benzyl bromide [24] to afford carboxylic acids 4 and 5.

For the synthesis of iodide 6 a variant of the Hunsdiecker reaction was performed, as
described by Otvés [25,26]. Carboxylic acid 4 was treated with iodine and iodosobenzene

diacetate (IBDA) in cyclohexane by irradiation with photo lamps to yield 62% of iodide 6 and
12% of the corresponding eliminated product 6a (not drawn) Substit'utl n of the iodine by
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acetate with CsOAc in DMF and cleavage of the benzyl ether witl
afforded alcohol 8 in 33% overall yield, calculated from lactone 1.
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Scheme 1 Reagents and conditions: i OsO/NMNO/acetone/r.t;; ii acetone/HCl conc.; iii KOH/BnBr/1,4-dioxane/reflux.
All compounds are racemic, only one enantiomer is drawn,
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acid 4 with ethyl chloroformate to give an intermediate mixed anhydride. By treatment with
saturated aqueous NaNj the acid azide was formed which was rearranged into isocyanate 11 by
refluxing in anhydrous toluene. Hydrolysis with KOH in THF/H,O yielded 54% of amine 12,
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oxygen functionality or a halide, which could be treated further on with suitable nucleophiles,

was desirable. For this purpose several methods are described in the literature [30,31] but only

one gave excellent yields and allowed simple up-scaling.
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Scheme 2 Reagents and conditions: i IBDA/L/hv/cyclohexane/reflux; ii CsSOAc¢/DMF/r.t.; iii Pd-C (10%)/H,/ethanol; iv MesCl/pyr/
CH.C1,/0°C; v T£,0/pyr/CH,CL/0 °C; via) CIC(O)OEv EtN/acetone/0 °C, b) NaNy/H,0O/acetone, c) toluene/reflux; vii
KOH/THF/H,0; viii BZCVELN/ CH,Clyr.t.; ix a) N,O/CCL/0 °C, b) NaOAc; x petrol ether/reflux; xi a) OsO,/NMNO/acetone/r.t., b)
acetone/HCl/r.t.. All compounds are racemic, only one enantiomer is drawn.
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Investigations by White [32,33,34 wed that the transformation of benzamides or

acetamides into the corresponding benzoates or acetates was best done with N,O, in sodium
acetate buffer. For this purpose benzamide 13 was synthesised by the reaction of amine 12
with benzoyl chloride in the presence of triethylamine. Reaction of 13 with N,O,, obtained by
which was 1mmeaiateiy rearranged to benzoate 15 in boiling petrol ether [35]. Hydrogenolysis
of the benzyl ether afforded alcohol 16 in 19% overall yield starting from lactone 1. As an

alternative acetate 7 or benzoate 15 were synthesised from olefin 27 or 35, respectively, by cis-

g 4 upse MY ent acetalisation i v Qi w

dihydroxyvlation and subsequent acetalisation, but the overall yields are lower due to t
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9 R'=Ac R?=Mes 19 R'=Ac 20 R'=Ac
i0 R'=Ac RZ2=Tf
17 R'=Bz R2=Mes 21 R'=Bz 22 R'=Bz
18 R'=Bz Re=Tf

Scheme 3 Reagents and conditions: see table 1. All compounds are racemic, only one enantiomer is drawn.

For the introduction of the azide group alcohols 8 and 16 were transformed into mesylates 9
and 17 or into triflates 10 and 18, respectively. Unfortunately, the S\2 reaction was always
accompanied by elimination, dependent on the reagent, the reaction temperature and the

solvent used. Table 1 gives an overview of isolated yields achieved with starting materials 9,

10, 17 and 18 by treating with NaN; in various solvents. To sum up triflate 18 gave lower
yields than triflate 10 and mesyiates 9 and 17 only eliminated products 20 and 22, respectively.
Table 1 Experiments to introduce the azide group by S,2-displacements besides an isopropylidene moiety.
Substrate Reagent Reaction time (h) Azide; yield (%) Olefin; yield (%)

9 NaN;, DMF 24 19,0 20; 95

17 NaN,, DMF 24 21,0 22,94

10 NaN,, DMF 24 19: 45 20; 50

18 NaN,, DMF 0.5 21; 32 22 63

18 NaN,, EtOH 72 21;30 22; 65

i3 NaN;,, acetone 6 2i;30 22;067




benzoate 27 was performed in a similar way as described for 15. Starting from carboxylic acid
§ isocyanate 23 was obtained again by Curtius degradation. Hydrolysis of the isocyanate with
KOH/H,O/THF afforded amine 24, which was transformed into benzamide 25 or acetamide
34, by treatment with N,O,. Thermai rearrangement afforded benzoate 27 or acetate 35. The
reaction of acylamide 33 was found to give better yields of 35 than reaction of isocyanate 23
with N,O, in acidic media (HOAc/Ac,0O/CH,CL,) [24].
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Scheme 4 Reagents and conditions: i a) CIC(O)OEVEt;N/acetone/0 °C, b) NaN,/H,O/acetone, c) toluene/reflux; ii KOH/THF/H,0;
iit BzCVEt,N/CH,Cly/r.t.; iv a) N,O,/CCL/0 °C, b) NaOAc; v petrol ether/reflux; vi NaOMe/ MeOH/1.t.; vii Ac,O/Et,N/CH,Cl,/0 °C;
viii m-CPBA/ethyl acetate/retlux; ix Pd-C (10%)/H,/ethanol; x Tf,0/Pyr/CH,CI,/0 °C; xi NaN,/DMF/r.t.; xii Ac,0O/Pyr/CH,ClL,/r.t.
All compounds are racemic, only one enantiomer is drawn.

Acetate 35 can also be synthesised from alcohol 28, because chain degradation via the N-

nitroso amide 26 afforded better yields. Benzoate 27 and acetate 35 were epoxidised with m-
enated with Pd-C (10%) to give the corresponding 1,2-anh

£~ P

DL-xylofuranoses 3% and 3
Benzoate 31 and acetate 38 were found to give azides 32 and 39 in yields of 58% and 70%,
respectively. In this case not the elimination was the main competing reaction but to a slight

xtent the attack on the epoxide.
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31 NaN,, DMF 24 3Z; 58

38 NaN,, DMF 24 39; 70
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CONCLUSION

An optimised medium scale procedure for the synthesis of intermediates 8, 16, 30, and 37
was described using either a modified Hunsdiecker reaction or a Curtius degradation followed
by subsequent tr: i " i
30 and 37, potent intermediates in the synthesis of carbasubars [1 8,19,24,28 29] and
carbanucleosides [20,21,22 23]. To estimate the influence of the protective groups for the

hydroxyl functionality at position 5, benzoate and acetate was used in 1,2-anhydro-a-DL-

Py T _vyla firanncac YA thha

xviofuranoses d £ 1900 1id A
11 or U-1SOopropyliaene-4a-caroa-o-uwL-xy lofuranoses.  For ine

y Ul alludeD> ana 101 1,4"
introduction of the azide moiety at C-3 to give final products 32 or 39 the more buiky benzoate

used as protective group at C-5 was found to give lower yields in each case.

EXPERIMENTAL

Melting points were obtained on a Biichi-Tottoli apparatus and were uncorrected. Column
chromatography was performed on silica gel 60, 230-400 mesh (Merck, Darmstadt), and TLC
on aluminium sheets coated with silica gel 60 F,s, (Merck, Darmstadt). 'H NMR and “C NMR
spectra were recorded on a Bruker MSL 300 instrument (300.13 MHz) or on a Varian Gemini

200 (199.97 MHz). TMS was used as internal standard, 6-values are given in ppm and CDCI,

ljomem Nllcncmon IUU Spectropnowmeter lVlD spcurd were I'CbUI'UCU on a Md 0S
spectrometer. Solvents were dried by standard procedures. THF was absoluted with potassium
under reflux and always used freshly distilled. The elemental analyses were performed at the
i University of Graz.

5-Deoxy-4a-carba-o-DL-xylo-hexofuranurono-6,3-lactone (2)
48.6 g (392 mmol) of lactone 1, dissolved in 500 mL of acetone, was treated with 90.0 g
(770 mmol) of N-methylmorpholine-N-oxide monohydrate (NMNO) and a catalytic amount of

0s0,. After complete turnover (about 1 day) 1 g of Na,S,0; was added to reduce and
precipitate the catalyst and the solvent was removed in vacuo. The residue was diluted with
100 mL of cold acetone, the precipitate (excess of NMNO) was filtered through a glass filter

funnel and washed with cold acetone. Coevaporatlon with toluene (3 x 200 mL) to remove the
(78%) of diol 2

O’
s\ &
1§ dd, J=13.7,

'‘H NMR (CDCl,, 200 MHz) 6 1.68 (ddd, (
0.4 Hz, 1H), 3.17 (m, 1H),

J 0.3, 54
5.3 Hz, 1H), 2.31 (dd =18.6, 3.4 Hz, 1H), 2.82 (dd, J=18.6,
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3.30-3.60 (bm, 2H), 4.14 (dd, J=4.0, 2.7 Hz, 1H), 4.25 (dd, J=17.8, 5.1 Hz, 1H), 4.78 (dd,
J=17.8,2.7Hz, 1H); ’*C NMR (CDCIl,) 6 34.48, 35.53, 37.67, 72.67, 77.87, 89.14, 178.50 ; IR
(NaCl) v 3383, 2946, 1761, 1416, 1348, 1181, 1111, 1026, 923 cm™". Anal. calcd. for C,H,,0

53.16: H. 637,  Found: C

. el Ny Ahy Ve i A UL Ny

53.26; H, 6.30

11y VoI,

5-Deoxy-1,2-O-isopropylidene-4a-carba-a-DL-xylo-hexofuranurono-6,3-lactone (3)
48.0 g (304 mmol) of diol 2 was dissolved in 500 mL of acetone and 5 mL of HCI conc. was
H
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chromatography (hexane/ethyl acetate 9/1 v/v) yielded 57.1
crystals.
mp 82-33 °C; '"H NMR and "*C NMR were in accordance wi

with ) ;
v 2085, 2928, 1779, 1367, 1264, 1205, 1155, 1064, 1034, 1012, 870, 844 cm™'. Anal. calcd.

C,,H,,0, (198.22): C, 60.59; H, 7.12. Found: C, 60.53; H, 7.18.

portlons (caution: strongly exothermlc). The reaction mixture was refluxed over night. Water
(300 mL) was added and the reaction mixture was extracted with diethyl ether (4 x 100 mL) to

l‘\ 1 nAd Aihanzyl atha Tha amiam Il ar W
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(pH 1) and extracted with diethyl ether (5 x 100 mL). The combined organic extracts were

dried (Na,S0O,) and evaporated in vacuo to yield 86.6 g (100%) of carboxylic acid 4 as an oil.
'"HNMR (CDCI,) & 1.30 (s, 3H), 1.44 (s, 3H), 1.70 (dt, J=13.0, 4.8 Hz, 1H), 1.93 (dt,

J=13.0, 5.5 Hz, 1H), 2.43-2.66 (m, 3H), 3.82 (d, /J=3.7 Hz, 1H), 4.42 (d, J=11.6 Hz, 1H),

4.56 (t, J=5.5 Hz, 1H), 4.63 (d, J=11.6 Hz, 1H), 4.72 (m, 1H), 7.23-7.43 (m, 5H), 10.3-10.6
(bs, 1H); °C NMR (CDCl,) & 23.86, 26.18, 32.67, 36.16, 36.42, 71.47, 79.74, 82.69, 83.70,

110.02, 127.74, 127.78, 128.43, 138.07, 178.85; MS m/z (rel int %) 306 (M™, 2), 291 (16), 183
(60), 157 (8), 142 (39), 123 (11), 111 (19), 91 (100), 84 (9), 59 (4), 43 (6); IR (Na aCly v 2947
VWV, 1070 \G )y 1TLN\JT )y 1hed \1Lkjy 111 (1T, 71 (2VV),y v L& J Py
e To ks ) 1N -~~~y 1O - 1N 1 £ 1 OAN T A -! A _1 ~-1_ 1 L el Tr £y LINL YL,

82,1710, 1377, 1285, 1208, 115 51, 843, 742 cm™. Anal. calcd. tor C,;H,,0;5 (306.36):

1,4-Anhydro-3-O-benzyl-2.5-dideoxy-4a-carba-DL-erythro-hex-1-enitol-uronic acid (5)
A mixture of 25.0 g (202 mmol) of lactone 1 and 56.2 g (1 mol) of powdered KOH in 1 L of
1,4-dioxane was treated in the same manner as described for acid 4 with 71 mL (600 mmol) of

benzyl bromide to yield 45.8 g (98%) of crude carboxylic acid 5 as an oil.
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'HNMR (CDCl;) 6 2.18-2.26 (m, 1H), 2.49-2.58 (m, 2H), 2.77 (m, 2H), 4.50-4.60 (AB,
J=11.7 Hz, 2H), 4.58 (m, 1H), 5.97 (m, 1H), 6.05 (m, 1H), 7.25-7.37 (m, 5H); '*C NMR and

DEPT (CDCL,) & 34.34 (t), 37.38 (t), 37.87 (d), 71.64 (t) 83.48 (d), 127.68 (d), 127.79 (d),
128 48 frl), 13()6A IA\ 135 50 (rl\ 13R Rn{c\ 179, R(\( R (_/I\\l 'X(\AA ’)0’)7 1‘71(\ 1457

JJJJJJJJJJJJ JOAN L T ke T 1770,

3-O-Ben _,l S-deexy—l,Z -mnrnnV!!dene—é!a-carba B-DL-threo-p n..t—4-ene.uranose (6a)
L1 N £ AQ N . lo W'~ 1 o on
AbOlULIOH o1 1D. Ugwbymmou OI dbl(l‘l byUg(JD 1 mmouo , anda 11.3 gpaummm)

of iodosobenzene diacetate (IBDA) in 700 mL of cyclohexane was reﬂuxed and irradiated with
two 150 W photolamps for 1 h. After addition of a second crop of I, (8.90 g, 35.1 mmol) and
of IBDA (11.3 g, 35.0 mmol) refluxing and irradiation was continued for an additional hour.
The reaction mixture was extracted with aqueous 1 N Na,S,0; and saturated aqueous NaHCO,
solution (30 mL each), dried (Na,SQ,), and evaporated to dryness. Purification of the residue
on a silica gel column (cyclohexane/ethyl acetate 9/1 v/v) yielded 11.7 g (62%) of 6 and 1.53g

(12%) of the eliminated product 6a as colourless oils.
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5.1 Hz, TH), 2.03 (dd, J= 12.9, 6.2 Hz, 1H), 2.68 (m, 1H), 3.26 (dd, /= 9.3, 6.2 Hz, 1H), 3.35
(t, J=9.3 Hz, 1H), 3.99 (d, J= 4.2 Hz, 1H), 4.56 (d, J= 11.4 Hz, 1H), 4.61 (d, J= 5.8 Hz, 1H),
4.71 (d, J=11.4 Hz, 1H), 4.81 (1, J= 5.3 Hz, 1H), 7.38 (m, 5H); '*C NMR and DEPT (CDCl,)

21T
J

N 167 (¢ 2N
1y, 1.0/ (8, J11)

1
s L.

S 368 (). 2306 (a). 26209 (g). 3673 (1) A4 27 (dY 7203 ). 8020 (). 8227 (). g4 26 ()
0 3.06 (i, £53.70 (), £0.L7 ({4, 30./3 (i), ay, Wy, 6u.37 Gy, WGy, 65.40 (4,

110.00 (s), 127.82, (d), 128.45 (d), 137.54 (s); MS m/z (rel int %) 388 (M", 3), 373 (14), 261
(4), 203 (11), 155 (4), 111 (9), 91 (100), 81 (8), 59 (13), 43 (35); IR (NaCl) v 2981, 2926,
1454, 1357, 1264, 1208, 1058, 865, 740, 697, 516 cm™. Anal. calcd. for C,(H,,10, (388.24):
C, 49.50; H, 5.45. Found: C, 49.61; H, 5.39.

Spectroscopic data of 6a: 'H NMR (CDCl;) 8 1.35 (s, 3H), 1.45 (s, 3H), 2.45 (d, /= 16.0 Hz,
1H), 2.70-2.79 (m, 1H), 4.06 (s, 1H), 4.46 (d, J=11.8 Hz, 1H), 4.60 (m, 2H), 4.80 (t,
z, 1H), 5.28 (m, 2H), 7.29-7.41 (m, 5H); C NMR and DEPT (CDCl;) § 24.71 (q),
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H, 7.74. Found: C, 73.89, H, 7.61.

5-0-Acetyl-3-O-benzyl-1,2-O-isopropylidene-4a-carba-o-DL-xylofuranose (7)
To a solution of 11.5 g (29.6 mmol) of iodide 6 in 300 mL of DMF was added 14.2 g

(74.1 mmol) of cesium acetate, and stirred at room temperature until complete turnover (about



water, dried (Na,SO,), and evaporated to dryness in vacuo. Flash chromatography
(hexane/ethyl acetate 5/1 v/v) yielded 7.80 g (82%) of acetate 7 as colourless oil.

'HNMR (CDCl,) & 1.31 (s, 3H), 1.44 (s, 3H), 1.74 (dt, J=13.3, 5.1 Hz, 1H), 1.89 (dd,

. 8.5 4.44 (d, J=12.0 Hz, 1H), 4.56 (d, J=5.7 Hz,

1H), 4.65 (d, /=12.0 Hz, 1H), 4.75 (t, J=5.3 Hz, 1H), 7.25-7.36 (m, 5H); *C NMR and

DEPT (CDCIl;) 6 21.05 (q), 24.03 (q), 26.35 (q), 33.88 (1), 39.91 (d), 63.07 (1), 71.64 (1), 79.92

(d\ {2.73 (d\ R3.06 ((ﬂ 110.23 (s), 127.88 (d), 128.58 (rﬂ 13831 (c\ 171.02 (s); MS m/z (rpl

vvvvv (s), 127.88 (d), 128
int %) 320 (M", 1), 305 (8), 260 (2), 245 (5), 171 (1), 156 (6), 111 (36), 91 (100), 83 (7), 65
(5), 43 (27); IR (NaCl) v 2928, 1739, 1454, 1371, 1242, 1209, 1158, 1048, 742, 699 cm’'.

Anal. calcd. for C3H,,05 (320.38): C, 67.48; H, 7.55. Found: C, 67.61; H, 7.49.
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5.5 g (17.2 mmol) of 7 was diluted with 25 mL of ethanol and about 80 mg of palladium on
carbon (10%) was added. The reaction mixture was hydrogenated for 16 h at 55 bar in an

utoclave. The catalyst was removed by filtration over a pad of (‘ehte® 454 (Merck) and

ol

avoration ~AF tha on

washed with ethanol. Evaporation of the solvent unde
chromatography (ethyl acetate/hexane 1/2 v/v) yielded 3.48 g (88%) of alcohol 8 as colourless
crystals.

mp 68-69 °C; '"H NMR (CDCl,) § 1.23 (s, 3H), 1.38 (s, 3H), 1.59-1.76 (m, 2H), 2.03 (s, 3H),
2.36-2.43 (m, 1H), 3.13 (bs, 1H), 3.89 (d, /= 3.1 Hz, 1H), 3.97 (dd, /= 11.3, 5.1 Hz, 1H), 4.32
(dd, J=11.1, 9.9 Hz, 1H), 4.38 (d, J=5.6 Hz, 1H), 4.68 (t, J=5.1 Hz, iH); *C NMR and
DEPT (CDCly) & 20.99 (q), 23.86 (q), 26.21 (q), 32.76 (t), 40.88 (d), 62.84 (t), 74.96 (d), 79.38
(d), 86.07 (d), 109.94 (s), 172.19 (s); MS m/z (rel int %) 230 (M™, 1), 215 (100), 173 (3), 155

Yo 141 /7\ 113 (?268Y Q5 (S1Y KR (MY (7 (] SQ 7M 43 {QQ\ IR NaCh v 345 Q44
Js 1L /), 11353 (L0), 7o (I, 65 (& O 37 \.uu,, N V 382V, £74%,
(<3

- \

~ 1~ P ~ - ¥

26, 1374, 1255, 1208, 1155, 1116,
C, 57.38; H, 7.88. Found: C, 57.21; H,
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triethylamine in 50 mL of dry CH2C12, was added drop by drop a solution of 0.37 mL

(4.8 mmol) of methanesulphonyl chloride in 2 mL of dry CH,Cl,. After complete turnover the

reaction mixture was extracted with 1 N HCl and saturated aqueous NaHCO; solution and
N - ,1 nnnnnnnnnnn 1da d in quantity 1.33 £ comnann d 0 ag

dried over 1\!420\14 Ev: apora tion to @ aryness yuuuc Iy 1.55 g O1 compounda >~ as a

colourless otl.



'"HNMR (CDCL;) 8 1.23 (s, 3H), 1.38 (s, 3H), 1.62 (dt, J=13.5, 5.0 Hz, 1H), 1.90 (dd,
J=13.5, 6.3 Hz, 1H), 2.00 (s, 3H), 2.68 (m, 1H), 2.98 (s, 3H), 4.06 (dd, J=11.1, 9.3 Hz, 1H),
4.13 (dd, J=11.1, 6.0 Hz, 1H), 4.64 (d, /= 5.6 Hz, 1H), 4.73 (dd, /= 5.6, 5.0 Hz, 1H), 4.84 (d,
J=4.0 Hz, 1H); “C NMR and DEPT (CDCl,) & 20.82 (q), 23.83 (q), 26.03 (q), 33.21 (1), 38.09
(q), 39.26 (d), 61.52 (t), 79.11 (d), 84.19 (d), 84.40 (d), 110.85 (5), 170.64 (s); MS m/z (rel int
%) 308 (M", not detected), 293 (M"-CH;, 48), 191 (8), 173 (5), 111 (40), 95 (39), 83 (16), 67
(9), 59 (12), 42 (100). Anal. calcd. for C,H,,0,S (308.35): C, 46.74; H, 6.54. Found: C, 46.86;
H, 6.38.
5-0-Acetyi-1,2-O-isopropyiidene-3-O-trifiuoromethyisulphonyi-4a-carba-o-DL-

To a cold (0 °C) solution of 200 mg (0.87 mmol) of alcohol 8 and 84 ul (1.04 mmol) of dry
pyridine in 10 mL of dry CH,Cl,, was added drop by drop a solution of 161 ul (0.96 mmol) of

)
)

trifluoromethanesulphonic anhydride in 1 mL of dry CH,Cl,. After complete turnover the
reaction mixture was extracted with cold 0.1 NHCI] and cold (0 °C) saturated aqueous
NaHCO; solution and dried thoroughly over Na,SO,. Evaporation under reduced pressure at

L=4

To a stirred solution of 61.3 g (200 mmol) of carboxylic acid 4 and 39.0 mL (280 mmol) of
triethylamine in 500 mL of acetone was added at -30 °C 29.6 mL. (310 mmol) of ethyl

chloroformate drop by drop. The reaction mixture was allowed to warm to -5 °C and was
26.0 ¢ (400 mmo I\ of NaN alved in 50 m
PN u I\

I"ICC‘ ] T e )
v 5 \-I'UU v } Ul L‘al‘:‘ Wioouvlive 111 1113, U
added and stirring was continued for additional 30 min. The reaction mixture was poured into
ice/water (250 mL) and extracted with toluene (3 x 150 mL). The combined organic layers

were dried (Na,SO,), concentrated under reduced pressure to approximately a volume of

a7
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of nitrogen has ceased, the solution was evaporated in vacuo. Bulb-to-buib distiilation yielded
54.0 g (89%) of isocyanate 11 as a colourless oil.

"H NMR (CDCl;, 200 MHz) 6 1.30 (s, 3H), 1.45 (s, 3H), 1.68 (dt, /= 13.3, 5.0Hz, 1H),
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12.8, 6.5 Hz, iH), 3.83 (d, /= 4.4 Hz, iH), 44”(‘,J=‘11.7Hz, 1H), 4.57 (d, 5.7 Hz,
H), 4.68 (d, J=11.7 Hz, 1H), 4.75 (t, J=5.3 Hz, 1H), 7.26-7.36 (m, 5H); '3CNMR and
DEPT (CDCl;, 200 MHz) 6 23.83 (q), 26.17 (q), 34.13 (t), 41.59 (t), 42.10 (d), 71.50 (t), 79.76
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—
||



IA\ QY L2 AN 11N 11 fay 19774 A 17202 /A 17228 (A 1217 QQ (Y Amnal ~alrAd nr
u}, OCL.VUJ \ I’ 11v.11 \D}, Lol .177 \u}, 1L0.Vo \Md)y 14U.JJ \u}5 127 .27 \D,- 4 x11¢31 vaivu. 1ul
C,,H,,NO, (303.36): C, 67.31; H, 6.98; N, 4.62. Found: C, 67.36; H, 7.06; N, 4.58

5-Amino-3- O-benzvl—S—deox -1,2-O-isopropylidene-4a-carba-o-DL-xylofuranose (12)
75 old (0 °C) mixture of 300 ml. of

a
O *3 VVIU \V w1 Xxuur 01 5UU AV

SAN o (1
DI E U
21

tetrahydrofuran and 300 mL of water. To the vigorously stirred solution was added a cold
(0 °C) solution of 29.4 g (520 mmol) of KOH in 50 mL of water within 5 min and vigorously
stirring was continued until complete turnover. The reaction mixture was evaporated in vacuo
to remave tptrnhvdrnﬁlrnn acidified to pHO-10 with 5§ N HCI, extracted with CHZCIQ’ dried

[ 8 VY AR

> ™

h
‘]

over Na,SO,, and concentrated in vacuo. Flash chromatography (petrol ether/ethyl acetate 9/1
v/v) yielded 39.9 g (82%) of amine 12 as a colourless oil.

'H NMR (CDCl,, 200 MHz) & 1.25 (s, 3H), 1.37 (s, 3H), 1.42 (bs, 2H), 1.66 (ddd, J=13.2,
4.7, 1.0 Hz, 1H), 1.80 (dd, J= 13.3, 6.5 Hz, 1H), 2.13-2.27 (m, 1H), 2.70 (dd, J= 12.5, 5.9 Hz,
1H), 2.83 (dd, /= 12.5, 8.4 Hz, 1H), 3.72 (d, J=4.3 Hz, 1H), 4.36 (dd, J=12.1, 1.4 Hz, 1H),
448 (dd, J=5.7, 1.2 Hz, 1H), 4.62 (dd, J=12.1, 1.4 Hz, 1H), 4.69 (m, 1H), 7.26 (m, SH),
C NMR and DEPT (CDCl, 200 MHz) & 23.85 (q), 26.14 (q), 34.26 (1), 40.57 (t), 43.72 (d),
71.01 (t), 79.84 (d), 82.64 (d), 82.74 (d), 109.77 (s), 127.68 (d), 127.77 (d), 128.46 (d), 138.18

AC1) v ol Ana
s); IR (NaCl) v 2981, 2926, 1454, 1357, 1263, 1208, 1054, 740, 699 cm™. Anal.

C,sH;;NO, (277.36): C, 69.29; H, 8.36; N, 5.05. Found: C, 69.37; H, 8.30; N, 5.09.

/‘\

5-Benzoylamino-3-O-benzyl-5-deoxy-1,2-O-isopropylidene-4a-carba-o-DL-xylofuranose
(13)

To a cooled (0 °C) solution of 38.0 g (137 mmol) of amine 12 in 300 mL of dry CH,Cl, and
26.7 mL (192 mol) of dry triethylamine was added slowly 19.1 mL (164 mmol) of benzoy!
chloride dlssolved in 50 mL of dry CH,Cl,. After complete turnover 50 mL of methanol was

he reaction mixture was
reaction mixture was
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washed with 1 N HCI and saturated aqueous NaHCO;, dried (Na,SO,), and evaporated in
vacuo. Flash chromatography (ethyl acetate/petrol ether 1/4 v/v) yielded 48.7 g (93%) of
compound 13 as colourless crystals.

mp 128-131 °C; '"H NMR (CDCL,) & 1.32 (s, 3H), 1.44 (s, 3H), 1.87 (m, 2H), 2.55 (m, 1H),

AR € )

3.58 (dt, J= 13.8, 4.3 Hz, 1H), 3.80 (dd, J= 13.8, 6.9 Hz, 1H), 3.89 (d, J=8.8 Hz, 1H), 4.43
(d, J=11.5 Hz, 1H), 4.60 (d, J= 5.8 Hz, 1H), 4.74 (d, J=11.5 Hz, 1H), 4.78 (m, 1H), 6.60 (m,
1H), 7.22-7.42 (m, 10H); *C NMR and DEPT (CDCL,) & 23.98 (q), 26.29 (q), 33.54 (1), 38.48

(t), 39.84 (d), 71.50 (t), 79.92 (d), 82.70 (d), 85.12 (d), 110.19 (s), 126.89 (d), 128.33 (d),

128.42 (d), 128.85 (A) 131.14 (d), 134.63 (s), 137.87 (s), 167.15 (s); MS m/z (rel int %) 381
(M", not detected), 366 (M"-CHs, 4), 275 (9), 260 (24), 232 (12), 200 (12), 162 (5), 122 (19),
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E M Daosurwanxr hoanmael_1 9 _ tonmumnnerlidana Aa_navrha ~_ NT _vuvlafuranaca (18)
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CAUTION:  This reaction has to be carried out in a well working hood and

appropriate safety clothing has to be worn!
Preparation of N,O,: To a flask with 200 mL of preheated (about 150 °C) and well stirred

conc. sulphuric acid were added cauticusly 100 g of NaNQ, in smal
powder addition funnei and 50 mi. of conc. sulphuric acid within about 1 h. The produced
mixture of NO, and NO was carried away by a good N, stream, washed with glacial acetic
acid, dried in a cooled (0 °C) funnel filled with Raschig rings, and condensed in a four-neck

ith wA N Tha amatimt oF NN mAN N wendiicad lhy thic maa
843 \iulu 1'42 10¢ amouiit G IS LAY \auu IS DAY D) Pluuuvcu 53 uiis me

sufficient to react about 130 mmol of amides, in this case of benzamide 13.

The produced N,O, was dissolved with 100 mL of carbon tetrachloride (the solution was
dark green), the cooling bath with liquid N, was removed, and an ice bath was used further on.
nzamide 13, dissoh
siowly - the colour changes to bright green. After 5 min 82 g (1 mol) of NaOAc was added via
a Normag® powder addition funnel. Through the bright yellow solution was bubbled N, for
30 min, and the reaction was then poured into 200 mL of ice-water. Extraction with CH,ClI,

1NN TN axrmn hioma ~F thha in 1
JRAVAV A1 1

Araan w urith catniwatad amiianTia NaLIMNY  an
i), WasIiiiig O1 uic Ol gaiiil 11 dat i+

( X1 ayci wiui urai€a aquieous INarn Uy 50 oluti
over Na,SO,, and evaporation in vacuo yielded the N-nitroso benzamide 14 as yeilow oil. 14
was dissolved in 50 mL of CCl, and dropped into a flask with 5 L of boiling petrol ether (bp

80 °C) and refluxed for 12 h. Flash chromatography (hexane/ethyl acetate 19/1 v/v) vielded

31.0 g (81%) of benzoate 15 as colourless crystals

mp 128-131 °C; '"HNMR (CDCl;) & 1.34 (s, 3H), 1.48 (s, 3H), 1.84 (dt, J=13.3, 5.0 Hz,
1H), 1.99 (dd, J=13.3, 6.4 Hz, 1H), 2.71 (m, 1H), 3.93 (d, J=4.2 Hz, |H), 4.44-4.51 (m, 3H),
4.62 (d, J=5.7Hz, 1H), 4.69 (d,.J=11.9 Hz, 1H), 4.81 (t,./= 5.3 Hz, 1H), 7.20-7.58 (m, 8H),
7.98 (i, 2H); PC NMR and DEPT (CDCL,) 8 24.07 (q), 26.38 {(g), 33.94 (1), 40.12 (d), 63.55
(1), 71.73 (1), 79.98 (d), 82.79 (d), 83.14 (d), 110.29 (s), 127.88 (d), 128.49 (d), 128.60 (d),
129.84 (d), 129.98 (d), 130.67 (d), 132.99 (d), 138.24 (s), 166.61 (s); MS m/z (rel int %) 382
(M™, 1), 367 (8), 260 (7), 245 (19), 218 (5), 122 (5), 111 (35), 105 (53), 91 (100), 77 (16), 43
(5); NaC 944, 1718, 1452, 1376, 1313, 1273, 1208, 1177, 1158, 1110, 1058, 1027,
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30.0 g (78.4 mmol) of 15 was diluted with 100 mL of ethanol and about 100 mg of
palladium on carbon (10%) was added. The reaction mixture was hydrogenated for 4 days at
50 bar and 70 °C in an autoclave. The catalyst was removed by filtration over a pad of Celite®
454 (Merck) and washed with ethanol. Evaporation in vacuo and flash chromatography (ethyl
acetate/hexane 1/2 v/v) yielded 10.3 g (45%) of alcohol 16 as a colourless oil.

'"HNMR (CDCl;) 6 1.29 (s, 3H), 1.44 (s, 3H), 1.78-1.88 (m, 2H), 2.57-2.64 (m, 1H), 3.20 (d,
J=3.4Hz, 1H), 4.01 (t, J=6.6 Hz, 1H), 4.24 (dd, J=11.4, 4.8 Hz, 1H), 4.48 (d, /= 5.6 Hz,
1H), 4.68 (dd, /= 11.3, 10.3 Hz, 1H), 4.74 (m, 1H), 7.47 (m, 2H), 7.57 (m, 1H), 8.04 (m, 2H),
3C NMR and DEPT (CDCL;) 6 23.98 (q), 26.35 (q), 32.90 (t), 41.40 (d), 63.35 (t), 75.13 (d),
79.49 (d), 86.16 (d), 110.08 (s), 128.66 (d), 130.01 (d), 133.48 (d), 167.82 (s); MS m/z (rel int
%) 292 (M7, 1), 277 (74), 217 (9), 170 (5), 141 (8), 123 (24), 112 (43), 105 (100), 95 (40), 83
(38), 77 (53), 59 (22), 43 (38); IR (NaCl) v 3474, 2930, 1709, 1453, 1376, 1275, 1207, 1176,
1154, 1118, 1027, 861, 713 cm™". Anal. caled. for C,(H,,0, (292.33): C, 65.74; H, 6.90. Found:
C, 65.67; H, 6.98.

5-0O-Benzoyl-1,2-O-isopropylidene-3-O-methylsulphonyl-4a-carba-a-DL-xylofuranose
17
To a cold (0 °C) solution of 1.0 g (3.42 mmol) of alcohol 16 and 0.57 mL (4.1 mmol) of dry

s am ~ ~F

VRS PR . ISP S o L A 1 sxrac addds 7 g, amliits e
triethylamine in 50 mL of dry CH,Cl,, was added drop by drop a solution of 0.31

3

T
L

[

(4.0 mmol) of methanesulphonyl chloride in 2 mL of dry CH,Cl,. After complete turnover the
reaction mixture was extracted with 1 N HC] and saturated aqueous NaHCO, solution and
oration to dryness yielded 1.25 g (99%) of compound 17 as colourless
crystals.

mp 98-100 °C; '"H NMR (CDCI;) 8 1.25 (s, 3H), 1.41 (s, 3H), 1.73 (dt, /= 13.5, 4.8 Hz, 1H),
2.00 (dd, J=13.5, 6.1 Hz, 1H), 2.87 (m, 1H), 2.95 (s, 3H), 4.32 (t, J=10.7 Hz, 1H), 4.44 (dd,
J=11.1, 5.8 Hz, 1H), 4.70 (d, J=5.5 Hz, 1H), 4.77 (t, J=5.1 Hz, 1H), 4.98 (d, J=3.9 Hz,
1H), 7.40 (1, J=7.5 Hz, 2H), 7.52 (t, J= 7.2 Hz, 1H), 8.00 (d, J=7.5 Hz, 2H); "C NMR and
DEPT (CDCl;) 6 23.89 (q), 26.11 (q), 33.35 (), 38.25 (q), 39.50 (d), 62.14 (1), 79.16 (d), 84.45
(d), 84.53 (d), 110.95 (s), 128.60 (d), 129.75 (d), 129.98 (d), 133.31 (d), 166.30 (s). Anal.

caled. for C;H,0,S (370.42): C, 55.12; H, 5.99. Found: C, 55.26; H, 5.93.

5-0-Benzoyl-3-O-trifluoromethylsulphonyl-4a-carba-a-DL-xylofuranose (18)

200 mg (0.68 mmol) of alcohol 16 and 77 ul (0.95 mmol) of dry pyridine in 50 mL of dry
CH,Cl, were treated with 116 pl (0.82 mmol) of trifluoromethanesulphonic anhydride as
described for 10 to afford triflate 18, which was reacted immediately to azide 21.
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5-0-Acetyl-3-azido-3-deoxy-1,2-isopropylidene-4a-carba-a-DL-ribofuranose (19) and
S MN_Anatul]l 2 donve_ 1 VI _ ) ioaaneanyl: ,ln_n Ao nowha ~ MY oliasmen sanee VR SRy N
TET ntctyl I A uCUx\y l b"U'lDUl}l Upy IUCHU~A~LdAdl bd~U~LJ L.~ lybCrU'pC|ll-D-cﬂul“r nose
(20)

0.31 g (0.87 mmol) of crude triflate 10 was dissolved in 20 mL of DMF. 1.13 g (17.4 mmol)

of NaN; was added and stirred at 60 °C for 2 days. The solvent was removed under reduced

canres and the racidne av
SSUrec and uif resigul ext

d X I.t H O/OCH M Tha camhinaed

h H,0/CH,Cl,. The combined o
over Na,SO,, and the solvent was evaporated in vacuo. Flash chromatography (hexane/ethyl
acetate 4/1 v/v) yielded 100 mg (45%) of azide 19 and 95 mg (50%) of the eliminated product
20.

Spectroscopic data of 19: '"H NMR (CDCl,) § 1.34 (s, 3H), 1.37-1.48 (m, 1H), 1.51 (s, 3H),
1.99 (dd, J=14.1, 6.0 Hz, 1H), 2.09 (s, 3H), 2.59 (m, 1H), 2.98 (m, iH), 4.19-4.22 (ABX,
Jap = 11.4 Hz, J,, =5.2 Hz, 2H), 4.63 (m, 2H); C NMR and DEPT (CDCl,) & 21.02 (q),
24.19 (q), 25.90 (q), 32.86 (t), 38.26 (d), 64.04 (t), 64.11 (d), 78.11 (d), 80.57 (d), 110.85 (s),

171.02 (s). Anal. caled. for C,H;;N;0, (255.27): C, 51.76; H, 6.71; N, 16.46. Found: C, 51.81;
TTY £ 7Ty, WT 142 3N
n,o6./9; N, 16.52.

Spectroscopic data of 20: 'H NMR (CDCl,) & 1.29 (s, 3H), 1.36 (s, 3H), 2.04 (s, 3H), 2.42
(d,J=17.6 Hz, 1H), 2.54 (dd, J=17.6, 5.9 Hz, 1H), 4.57 (s, 2H), 4.75 (t, J= 5.9 Hz, 1H), 5.05
(d, J=5.8Hz, 1H), 5.65 (s, 1H); B3C NMR and DEPT (CDCI;) 8 20.83 (q), 25.79 (q), 27.61

Ve T O 224, 222 123 LSS5 8 LE NS B ) § soASN 2T M A0S

(q), 39.16 (), 62.61 (t), 78.18 (d), 85.19 (d), 110.04 (s), 126.99 (d), 141.19 (s), 170.57 (5).
Anal. caled. for C,,H,(0, (212.25): C, 62.25; H, 7.60. Found: C, 62.36; H, 7.69.

3-Azido—5-0-benzoyl-3-de0xy-1 ,2-O-isopropylidene-4a-carba-o-DL-ribofuranose (21) and

alvroen _nant .2 _ananfirran

L-glycero-pent-3-enofuranose
(22)

0.29 g (0.68 mmol) of crude triflate 18 was dissolved in 20 mI. of DMF, 20 mL of
ethanol/H,O 4/1, or 20 mL of acetone, respectively. 0.76 g (10.3 mmol) ot NaN, was added

!'Cl""lf\‘lﬂfl 'I'Il’\f‘ﬂf'
Lo AC SR VEELVLwS |

reduced pressure and the residue extracted with H,O/CH,Cl,. The combined organic extracts
were dried over Na,SO,, and the solvent was evaporated in vacuo. Flash chromatography
(hexane/ethyl acetate 6/1 v/v) yielded 65-69 mg (30-32%) of azide 21 and 118-126 mg (63-
67%) of the eliminated product 22 (see table 1).
Spectroscopic data of 21: 'TH NMR (CDCl;) 6 1.35 (s,
2.09 (dd, J=14.1, 5.9 Hz, 1H), 2.69-2.80 (m, 1H), 3.06 (
(ABX, J,z = 11.5 Hz, J, = 5.1 Hz, 2H), 4.63-4.69 (m, 2H),
83 (

O 1 £9Q 1TTYN | £ (. o3 B Y

S8 (m, 1H), 1.53 (s, 3H),

=11.3, 4.7 Hz, 1H), 4.44-4.51
.45 (m, 2H), 7.58 (m, 1H), 8.04
3
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(m, 2H); °C NMR and DEPT (CDCL,) & 24.10 (q), 25.83 (q), 32.82 (1), 38.25 (d), 63.96 (d)
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H, 6.12; N, 13.02.

Spectroscopic data of 22: "H NMR (CDCl,) § 1.35 (s, 3H), 1.44 (s, 3H), 2.56 (d, J= 19.2 Hz,
1H), 2.68 (dd, J=19.2, 5.5 Hz 1H)3 4.83 (t,J="5.8 Hz, 1H), 4.89 (bs, 2H), 5.14 (d, J= 5.8 Hz,
IH), 5.82 (s, 1H), 7.45 (m, 2H), 7.58 (m, 1H), 8.06 (m, 2H); *C NMR and DEPT (CDCl,) §
25.97 (q), 27.79 (q), 39.44 (1), 63.21 (1), 78.37 (d), 85.39 (d), 110.26 (s), 127.20 (d), 128.59 (d),
129.92 (d), 130.30 (d), 133.40 (d), 141.44 (s), 166 32 (s); IR (NaCl) v 2985, 2930, 2103, 1722,
1373, 1273, 1208, 1109, 1050, 866, 713 cm™. Anal. caled. for C,H,0; (274.32): C, 70.06;
H, 6.61. Found: C, 70.14; H, 6.69.

1,4-Anhydro-3-O-benzyl-2,5-dideoxy-5-isocyanato-4a-carba-DL-erythro-pent-1-enit (23)
46.5 g (200 mmol) of carboxylic acid § was reacted as described for isocyanate 11 to yield
after bulb-to-bulb distillation 41.7 g (91%) of isocyanate 23 as a colourless oil.
'H NMR (CDCl;) 8 2.29 (m, 1H), 2.24-2.34 (m, 1H), 2.45-2.66 (m, 1H), 3.39 (dd, J= 13.0,
7.0 Hz, 1H), 3.67 (dd, J=13.0, 7.6 Hz, 1H), 4.57 (m, 1H), 4.59-4.66 (AB, J=11.6 Hz, 2H),

6.02-6.10 (m, 2H), 7.32-7.43 (m, SH); '*C NMR and DEPT (CDCl,) & 35.25 (1), 42.82 (1),

4321 (d), 71.47 (1), 82.63 (d), 122.85 (s), 127.61 (d), 127.69 (d), 128.20 (d), 130.67 (d),
135.10 (d), 138.73 (s); MS m/z (rel int %) 229 (M", 1), 201 (1), 173 (1), 138 (13), 123 (38),

107 (82), 91 (100), 79 (49), 65 (31), 56 (19), 51 (10), 39 (20); IR (NaCl) 3050, 2898, 2271,
1733, 1542, 1452, 1360, 1235, 1120, 1060, 1119, 866, 736, 698 cm™. Anal. calcd. for
C..H..NQO, (,_70_28);(: 73 24 H, 6.59; N, 6.11. Found: C, 73.43; H, 6.67; N, 5.97.
1,4-Anhydro-5-amino-3-0O-benzyl-2,5-dideoxy-4a-carba-DL-erythro-pent-1-enit (24)

41.3 g (180 mmol) of isocyanate 23 was dissolved in 50 mL of tetrahydrofuran and 50 mL
of water and reacted with 30.3 g (540 mmol) of KOH as described for amine 12. Flash

chromatography (hexane/ethyl acetate 2/1 v/v) yielded 31.5 g (86%) of amine 24 as colourless

oil.
'"HNMR (CDCl;) 8 1.49 (bs, 2H), 2.18 (m, 1H), 2.31 (m, 2H), 2.79 (dd, J=12.6, 5.5 Hz,

1H), 3.00 (dd, J = 12.6, 7.6 1z, 1H), 4.62 (AB, J = 11.9 Hz, 2H), 4.54 (m, 1H), 5.97 (m, 1H),
6.03 (m, 1H), 7.22-7.33 (m, SH); *C NMR and DEPT (CDCL,) § 35.35 (1), 42.00 (1), 44.82 (d),
70.98 (1), 83.35 (d), 127.30 (d), 128.22 (d), 130.39 (d), 135.61 (d), 138.90 (s); MS m/z (rel int

%) 204 (MH", 2), 138 (5), 108 (11), 95 (65), 91 (100), 80 (13), 66 (57), 51 (6), 31 (35); IR
(NaCl) v 3046, 2895, 1569, 1470, 1341, 1308, 1068, 735, 698, 607 cm’. Anal. calcd. for
C,.H,-NO (203.28): C, 76.81: H, 8.43; N, 6.89. Found: C, 76.93; H, 8.31; N, 6.80.

3 INRS \ LV I LU Je Ry P00 VLU S neraNe.e Sy A‘ <
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1,4-Anhydro-5-N-benzoylamino-3-O-benzyl-2,5-dideoxy-4a-carba-DL-erythro-pent-1-enit

5.0 g (73.8 mmol) of amine 24 13.4 mL (95.9 mmol) of dry triethylamine in 50 mL of

1
CH,Cl, were reacted with 10.3 mL (88.6 mmol) of benzoyl chloride as described for 13. Flash
/petrol ether 1/3 v/v) yielded 20 7(1 (91%) of benzamide 25 as

(LS S P4V ) .; A\-v -

chromatography (ethyl
1

COlOUI'leSS 011

'H NMR (CDCLy) § 2.31 (m, 1H), 2.42 (dd, J=17.0, 7.9 Hz, 1H), 2.66 (m, 1H), 3.65 (dt,
J=13.7, 4.6 Hz, 11-5), 3.81 (dt, J= 13.7, 7.0 Hz, 1H), 4.50 (d, J= 11.1 Hz, 1H), 4.63 (m, 1H),
4.67 (d, J=11.1 Hz, 1H), 6.03 (m, 1H), 6.07 (m, 1H), 7.15 (bs, 1H), 7.23-7.53 (m, 10H);
3C NMR and DEPT (CDCl,) § 34.87 (t), 39.68 (t), 40.94 (d), 71.64 (t), 85.20 (d), 126.89 (d),
127.99 (d), 128.06 (d), 128.42 (d), 128.68 (d), 129.67 (d), 131.10 (d), 134.90 (s), 136.40 (d),
138.54 (s), 167.23 (s); MS m/z (rel int %) 308 (MH", 1), 216 (4), 199 (26), 134 (16), 122 (12),
105 (100), 91 (33), 77 (58), 66 (10), 51 (14), 39 (10); IR (NaCl) v 3340, 3051, 2894, 1644,

- ]

O \T[\ 107 ’20\
. NS 7).

182N “ o~ Anal ~ala
100U, 140 Py fy 11 7, U s VLO Vil MAllal. vailu 20[12] 2 \Qvi.0
C, 78.15; H, 6.89; N, 4.56. Found: C, 78.28; H, 6.78; N, 4.66.
1,4-Anhydro-5-0-benzoyl-3-O-benzyl-2-deoxy-4a-carba-DL-erythro-pent-1-enit (27)
20.0 g (65.1 mmol) of benzamide 25 was reacted as described for the synthesis of 15 to yield

S

after flash chromatography (hexane/ethyl acetate 19/1 v/v
colourless oil.

'HNMR (CDCl,) 6 2.46 (m, 2H), 2.79 (dt, J= 7.3, 14.6 Hz, 1H), 4.50 (dd, /= 10.8, 7.6 Hz,
1H), 4.63 (m, 3H), 4.74 (dd, J=10.8, 7.6 Hz, 1H), 6.05 (m, 1H), 6.09 (m, 1H), 7.27-7.61 (m,
8H), 8.11 (m, 2H); *C NMR and DEPT (CDCl,) 6 34.93 (t), 41.17 (d), 64.75 (1), 71.7 (1), 82.96
(d), 127.58 (d), 127.64 (d), 128.45 (d), 129.71 (d), 130.81 (s), 131.00 (d), 132.89 (d), 135.20
(d), 138.96 (s), 166.72 (s); MS m/z (rel int %) 308 (M™, 1), 279 (1), 202 (2), 156 (6), 142 (2),

122 (12), 105 (81), 91 (74), 80 (100), 66 (13), 51 (21), 39 (13); IR (NaCl) v 2927, 1717, 1451
1274, 1110, 711 cm’'. Anal. caled. for CpH,O; (308.38): C, 77.90; H, 6.54. Found: C, 78.06;
H, 6.69

1,4-Anhydro-3-O-benzyl-2-deoxy-4a-carba-DL-erythro-pent-1-enit (28)

5.0 g (16.2 mmol) of benzoate 27 or 4.0 g (16.2 mmol) of acetate 35, respectively, was
reacted with a freshly prepared solution of 0.1 g of sodium in 100 mL of dry methanol at room
temperature. After complete turnover, gaseous CO, was bubbled through the reaction mixture.

The solvent was removed in vacuo. Flash chromatography (petrol ether/ethyl acetate 3/1 v/v)
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J , 4.5 .
H m, 1H), 5.94-5.98 (m, 1H), 6.06-6.10 (m, IH),7 9739(m S5H);,
nd DEPT (CDCl;) 6 37.08 (t), 42.91 (d), 63.07 (1), 71.84 (t), 85.75 (d), 127.78 (d),
8.71 (d), 129.77 (d), 136.47 (d), 138.67 (s); MS m/z (rel int %) 204 (M

~73

-

CD‘
)

188 80 (41), 67 (28), 51 (11), 35 (13); IR (Nall) v 340 2
1731, 1453, 1357, 1117, 1056, 1028, 735, 699 cm™. Anal. caled. for C,;H,,0, (204.27):
76.44; H, 7.90. Found: C, 76.34; H, 8.04.
i,2-Anhydro-5-O-benzoyi-3-O-benzyi-4a-carba-o-DL-xylofuranose (29)
A mixture of 16.0 g (51.9 mmol) of olefin 27 and 11.6 g (67.4 mmol) of m-chloroperbenzoic
acid (m-CPBA) in 200 mL of ethyl acetate was refluxed until complete turnover. The reaction

mixture was washed with saturated aqueous NaHCO, solution (150 mL). The aqueous layer
_____ 1 Ve 1TNN . T N\ PR o R
wads FLLXlIdLlCU WlUl k,/l 12\/12 (2 X 1VUV ITIL) lfl@ LUIIIUII]CU Urgdlllb LXerLLS WEre urleu over

Na,S0O,, and evaporated under reduced pressure. The residue was purified on silica gel
(toluene/ethyl acetate 19/1 v/v) to yield 10.0 g (60%) of epoxide 29 as a colourless oil.

'HNMR (CDCL,) § 1.64 (dd, J=13.6, 10.7 Hz, 1H), 2.18 (dd, J=13.6, 7.4 Hz, 1H), 2.40
{m, iH), 3.56 {m, 2H), 4.16 {(d, /=5.4 Hz, 1H), 4.44 (dd, =10.7, 6.3 Hz, iH), 4.52 i,

4
J=10.7 Hz, 1H), 4.60-4.69 (AB, J = 11.7 Hz, 2H), 7.24-7.60 (m, 8H), 8.05 (m, 2H); °C NMR
and DEPT (CDCly) 8 29.31 (1), 38.03 (d), 56.40 (2 x d), 63.33 (d), 73.16 (1), 78.00 (d), 127.99

(d), 128.48 (d), 128.57 (d), 129.65 (z), 130.44 (d), 138.09 (s), 166.34 (s); MS m/z (rel int %)
324 (M™, 1), 218 (7), 202 (38), 145 (2), 122 (9), 105 (65), $1 (100), 77

39 (13); IR (NaCl) v 3037, 2948, 1716, 1451, 1275, 1110, 1064, 1025, 840, 709 c
caled. for C,,H,,0, (324.38): C, 74.06; H, 6.21. Found: C, 73.91; H, 6.14.

i,2-Anhydro-5-G-benzoyi-4a-carba-a-DL-xyiofuranose (30)
9.5 g (29.3 mmol) of 29 was diluted with 50 mL of ethanol and about 80 mg of palladium on
carbon (10%) was added. The reaction mixture was hydrogenated for 4 days at 60 bar in an

anl fnf“ﬂ\”—‘ The ¢
Quiliayve. 1w o

. \
a ot wae remanved hv filtration aver a naﬂ of Cehite® 454 (Merck) and
atalyst was removed Dy niifration over a ! + (Merck) and
e H

I.

washed with ethanoi. Evaporation of the soivent under reduced pressure and flash
chromatography (ethyl acetate/hexane 1/3 v/v) yielded 5.80 g (84%) of alcohol 30 as

colourless crystals.

mp 53-56 °C; 'H NMR (CDCl,, 200 MHz) 8 1.52-1.63 (m, 1H), 2.05-2.23 (m, 1H), 3.34 (d,
A N TT 1Y TN - &= A /3 o3 1 DY A Voo A NS S AT TN A £ 1.1 T 11 N 1N TF 1T I N AL "7
J=4.0 Hz, i1i1), 3.54 (bs, 2H), 4.10-4.20 (m, 2r1), 4.068 (aa, v = 11.2, 10U.1 fz, inj, 7.45-7.
1

8 (d
(m, 3H), 8.00 (m, 2H); *C NMR and DEPT (CDCl;, 200 MHz) & 28.22 (t), 39.2
(d), 57.93 (d), 62.83 (t), 69.99 (d), 128.53 (d), 129.71 (d), 129.78 (d), 133.43 (d), 167.65 (s);
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iy veu e E4ro

MS m/z (rel int %) 234 (M*, 2). 205 (1), 162 (1), 122 (25), 122 (65), 105 (100), 94 (16), 83
MS m/z (rel int %) 234 (M", 2), 205 (1), 162 (1), 122 (25), 122 (65), 105 (100), 94 (16), 83
(31), 77 (43), 66 (19), 51 (13). Anal. calcd. for C;;H,,0, (234.25): C, 66.66; H, 6.02. Found

500 mg (2.13 mmol) of alcohol 30 and 190 pL (2.23 mmol) of dry pyridine in 25 mL of dry
CH2C12 were reacted with 360 ul. (2.14 mmol) of trifluoromethanesulphonic anhydride as
described for 10 to afford crude 31, which was reacted immediately to azide 32.
I1,2-Anhydro-3-azido-5-O-benzoyi-3-deoxy-4a-carba-o-DL-ribofuranose (32)

782 mg (2.13 mmol) of crude 31 was dissolved in 15 mL of dry DMF, 1.39 g (21.3 mmol) of
NaN; was added and stirred at room temperature for about 24 h. After complete turnover the

roactinn miviiire wae avtracted with 0 5§ N HOCl catiiratad angiiennc aHHOCO. ealntinn dried naver
ICatuiUll MAWIT wads CALTalICU WL V.J IN IIv 1, sdtuidiCl a{jullus iNariv U3 SULULOI, Gt UvIeT
- T rel 1 71 r: 2 . 1 N - 1 1 1

hy (hexane/ethyl acetate 9/1 v/v) yielded

Na,SO,, and evaporated in vacuo. Flash chromatograp
0.32 g (58%) of azide 39 as colourless oil.

'H NMR (CDCl,, 200 MHz) & 1.74 (ddd, J= 13.8, Hz, 1H), 2.26 (m, 1H), 2.38 (dd,
|

dd 7:2.3 1.6 Hz. 1H)

9 L 114y 1XL),

2
= 0
d
o)}
E
N
I
-
"
N
b~
oy
3
—
ev

(CDCl ) 5 29.74 (t) 30.95 (d) 54. 08 (d) 57,48 (d), 64.02 (2xC, d and t) 128.42 (d), 128.53
(d), 129.64 (d), 133.28 (d), 166.69 (s). Anal. calcd. for C;H,;N;0; (259.26): C, 60.23; H, 5.05;
N, 16.21. Found: C, 60.31; H, 4.91; N, 15.98.
5-Acetylamino-1,4-anhydro-3-O-benzyl-2,5-dideoxy-4a-carba-DL-erythro-pent-1-enit (33)
15.0 g (73.8 mmol) of amine 24, 13.4 mL (95.9 mmol) of dry triethylamine in 50 mL of
CH,CI, were reacted with 8.4 mL (88.5 mmol) of acetic anhydride as described for 13 to yield

ther 1/4 v/v) 17.00 (94°%) of
Uit 174 V/V} 1/.Ug {(7470) O1

colourless oil.
'HNMR (CDCl;) & 1.78 (s, 3H), 2.11-2.20 (m, 1H), 2.27-2.36 (m, 1H), 2.42-2.49 (m, 1H),

3.35-3.49 (m, 1H), 4.42 (d, J=11.7 Hz, 1H), 4.48 (m, 1H), 4.56 (d, J=11.7 Hz, 1H), 5.88-
599 ‘ DEPT

1-7.32 (m, SH); "C NMR and DE!
) , 711.25 84.06 (d), 127.54 (d), 127.67 (d),
(d), 129.84 (d), 135.76 (d), 138.63 (s), 169.99 (s); MS m/z (rel int %) 246 (MH", 3),
(1), 154 (9), 137 (56), 106 (17), 95 (49), 91 (100), 78 (39), 73 (41), 66 (39), 60 (37), 51
15), 43 (48); IR (Ng(“l\ v 3294, 3067, 2900, 1649, 1550, 1445, 1363, 1289, 1065, 736, 699,

¥ Lo, PO AV

8
),
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603 cm’'. Anal. caled. for C;sH,,ON, (245.32): C, 73.44; H, 7.81; N, 5.71. Found: C, 73.49;
H, 7.73; N, 5.68.

5-0-Acetyl-1,4-anhydro-3-O-benzyl-2-deoxy-4a-carba-DL-erythro-pent-1-enit (35)

17.0 g (69.3 mmol) of acetamide 33 was reacted in the same manner as described for 15 to
yield after flash chromatography 12.7 g (74%) of acetate 35 as colourless oil.

'HNMR and “C NMR data in accordance with literature [27]; Anal. caled. for C,sH,;30;
(246.31): C, 73.15; H, 7.37. Found: C, 73.24; H, 7.41.

5-0-Acetyl-1,2-anhydro-3-O-benzyl-4a-carba-a-DL-xylofuranose (36)
12.0 g (48.7 mmol) of acetate 35 was reacted with 10.9 g (63.3 mmol) of m-CPBA as
described for 28 to yield 10.1 g (79%) of epoxide 36 as a colourless oil.

Irr vra 4 3/ AT AT ™ AT

'H NMR and “C NMR data in accordance with literature {24]; Anal. caled. for C,sH,;O,
(262.30): C, 68.69; H, 6.92. Found: C, 68.35; H, 6.84.

10.0 g (38.1 mmol) of benzyl ether 36 was hydrogenated as described for 30 to yield after
flash chromatography (petrol ether/ethyl acetate 3/1 v/v) 5.55 g (85%) of alcohol 37 as white
crystals.

mp 55-56 °C; '"HNMR (CDCl;, 200 MHz) & 1.46 (ddd, J=15.6, 12.8, 0.9 Hz, 1H), 1.96-
2.10 (m, 2H), 2.05 (s, 3H), 3.20 (m, 1H), 3.47 (d, J=2.5Hz, 1H), 3.50 (s, 1H), 3.96 (dd,
J=11.4, 42 Hz, 1H), 4.16 (t, J=4.Hz, 1H), 4.34 (dd, J=11.4, 9.5 Hz, 1H); C NMR and
DEPT (CDCI;) & 21.00 (q), 28.22 (t), 38.82 (d), 55.74 (d), 57.91 (d), 62.43 (t), 69.98 (d),
172.28 (s). Anal. caled. for C{H,,0, (172.18): C, 55.81; H, 7.02. Found: C, 55.85; H, 6.91.

5-0-Acetyl-1,2-anhydro-3-O-trifluoromethylsulphonyl-4a-carba-a-DL-xylofuranose (38)

500 mg (2.90 mmol) of alcohol 37 and 260 pL (3.19 mmol) of dry pyridine in 25 ml of dry
CH,Cl, were reacted with 490 uL (2.90 mmol) of trifluoromethanesulphonic anhydride as
described for 10 to afford crude 38, which was reacted immediately to azide 39.

5-0-Acetyl-1,2-anhydro-3-azido-3-deoxy-4a-carba-ca-DL-ribofuranose (39)

880 mg (2.90 mmol) of crude 38 was reacted with 1.90 g (29 mmol) of NaNj; in 20 mL of
dry DMF as described for azide 32. Flash chromatography (hexane/ethyl acetate 6/1 v/v)
yielded 0.40 g (70%) of azide 39 as colourless oil.

IINMD (MMT Y S 167641 7T-14N0 02, 1N 20Q (¢ 21N 27 0N7.97 1R (m 111V 290
'L INIVIIN (VU3 ) O 1.V4 (U, o 1.V, 7.0 11L, 111)y &4.VO Oy JilJy £.V/IT& 10 Uy 111}, Lekar?
(dd, J=14.0, 7.8 Hz, 1H), 3.51 (s, 1H), 3.55 (d, J=8.2 Hz, 1H), 3.64 (m, 1H), 4.12-4.16
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