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Abstract: The asymmetric [2+2lcycloaddltion of chlorcsulfcmyl isocyanate to 1,2-0-isopropylidene-3-O-vinyl- 
glycofuranoses is presented. Bulky substituent at the C-4 carbon atom promotes excellent stemoselectivity 
affording (R) configuration at the C-4’ carbon atom of the azetidincme ring. Intramolecular cyclization in 
compounds 9 01 12 provides diastereomeric cephem u) and 21. 

In recent years carbohydrates have gained much attention as chiral auxiliaries in stereoselective 

synthesis,’ Among variety of sugar derivatives diacetone glucose (l), owing to its accessibility played a special 

role.2 

Five years ago we reported the formstion of a B-la&m ring via asymmetric [2+2]cycloaddition of tosyl 

isocyanate to vinyl ether of diacetone glucose (2).3 The (4R) diastereomer of azetidinone 3a has been obtained 

predominantly with diastereoselectivity 86:14. However, removal of N-tosyl substituent with sodium in liquid 

ammonia, in order to form a stable product, proceeded, in low yield. Trichloroacetyl isocyanate which at that 

time has successfully been used by us to obtain IUactams from glycals, when reacted with 2 gave exclusively 

[4+2]cycloadduct and showed no diastereoselectivity? 

Recently we have found that storage of chlorosulfonyl isocyanate over potassium, sodium or calcium 

carbonate and the addition of these bases to the reaction mixture have enabled to perform its 

[2+2]cycloadditions with reactive olefins,‘t which, owing to the acidity of the commercially available reagent 
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so far gave negative results. This important observation prompted us to return to the problem of 

[2+2]cycloaddition of chiorosulfonyl isocyanate to simple sugar vinyl ethers. Our reinvestigation of this 

cycloaddition had two goals: the first to find conditions that would enhance diastereoselectivity of 

[2+2]cycloaddition, and allow improvement of the IV-deprotection of the cycloadduct and the second to find 

an entry to I-oxabicyclic p-lactams via reconstruction of the adduct thus obtained. The latter goal should offer 

an alternative route to the commonly used for clavam synthesis, consisting in condensation of readily available 

4-acetoxyazetidinone with sugar alcohck5 Such condensation has been known to give usually a moderate 

asymmetric induction.’ 

For present studies as model compounds we selected 3-Gvinyl derivatives of 1,2-O-isopropylidene-a-D- 

glucofuranose (2,5) and a-D-xylofuranose (8, 11, 14). 

0 
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Compounds 5, 8, and 11 were obtained from proper 3-hydroxy precursors 4, 7, and 10 using a known 

mercury acetate catalyzed trans etherification method.6 Vinyl eter 5 contaminated with about 50% of 

3-0-(1’-butoxyethyl)-1,2-0-isopropyIidene-4,S-di-O-tosyl-a-D-glucofuranose and was used for cycloaddition as 

a mixture. In the case of the vinylation of compound 13 the product 14 was contaminated with its regioisomer 

17 (30%) which showed similar chromatographical mobility as the main product and was difficult to separate. 

Pure 14 can be obtained from 8 by a two step transformation, which consisted of the removal of the tosyl 

protection by a sodium in liquid ammonia reduction to afford 16 followed by a desired protection of the 
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terminal hydroxymethyl group. This procedure can be used for synthesis of vinyl ethers having an acid labile 

substituent present in their substrates. 

High reactivity of chlorosulfonyl isocyanate towards simple vinyl ethers particularly in polar aprotic 

solvents restricted reaction conditions to low temperature and to non polar solvents. Reaction of compound 2 

with chlorosulfonyl isocyanate in anhydrous toluene at -40°C afforded lower asymmetric induction than with 

tosyl isocyanate, but N-deprotection could be came out under milder conditions - Red-Al reduction.’ The main 

drawback of chlorosulfonyl isocyanate is linked with its high reactivity towards many functional groups. In our 

case, 5,6-0-isopropylidene or triisopropylbenxenesulfonyl TIBS groups were shown to be labile in the presence 

of chlorosulfonyl isocyanate. 

The results of [2+2]cycloaddition of chlorosulfonyl isocyanate to 30vinyl furanoses 2, 5, 8, 11, and 

14 are shown in Table 1. 

The configurations of diastereomers 3 and 6 were correlated to the configuration of compound 18 whose 

structure was proved by X-ray measurement.” 

Compound 18 and its 4’-epimer 19 were obtained by 5,ddeprotection of 8-lactams 3. Contigurations 

of compounds 9 and 12 were proved by transformation of these compounds into cephams 28 and 21. This 

intramolecular alkylation was carried out in a very good yield using a two - phase system (anhydrous potassium 

carbonate/tetraammonium bromide) in acetonitrile. Structure and configuration of 20 and 21 were determined 

by the X-ray analysis,8 and NOE measurements8 

0’ 
18 

0' 
19 20 21 

Desilylation - tosylation procedure allowed to proved configuration of the single product 15a. 

The results presented in Table 1 show that stereoselectivity of cycloaddition is sterically controlled. The 

large substituent at the C-4 carbon atom of the furanose ring blocks the isocyanate entry from the re side 

(Scheme 1) and affords full stereoselectivity in the case of 5 and 14. The comparison of the face-discrimination 

found for addition of chlorosulfonyl isocyanate to 8 and to 11 is particularly interesting. Lower face - 

discrimination found for 8, excludes complexation of the nucleophilic oletin by the electrophilic aromatic ring 

as an element that helps to decide on direction of asymmetric induction and its value. It is obvious that if such 

complexation occurs, it should be stronger for the more accessible and more electrophilic tosyl substituent. High 

stereoselectivity found for 15 could also be assigned to the steric effect rather than to the complexation of the 

double bond, although stronger complexation of the vinyl group by 6-0-tosyl than by S-O-tosyl substituent 

should be taken into consideration. 
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T&e 1. Diastereoselective 12+2]cyctoaddition of chlorosulfonyl isocyanate to 3-O-vinyl ethers of 1,2-0- 

isopropylidene-gtycofuranoses 2, 5, 8, 11, and 14 

Compound T Time 

(“C) (h) 

2 40 1 

2 -70 3 

5 -40 1.5 

8 -40 1.5 

11 40 2 

14 -70 2 

PCodUcts 

3az3b 

3a:3b 

6 

9a:9b 

12a:12b 

15 

Diastereoselectivity 

3:l 

4:l 

2:l 

3.3:1 

Yield 

(W 

20 

20 

60. 

50 

2s 

50 

* calLvlated for pure substrate 

Scheme 1 

Readily available substrates, high asymmetric induction, and possible further transformations make 

[2+2]cycloaddition of chtorosulfonyl isocyanate to 3-O-vinyl ethers derived from 1,2:5,6-di-O-isopropylidene-D- 

gtucofuranose (1) a very attractive tool for the synthesis of I-oxacephams having potential biological activity. 

Experimental 

Melting points are uncorrected, optical rotations were measured with a JASCO Dip-360 digital 

polarimeter. IR spectra were taken with a Perkin-Elmer FT-IR-1600 spectrophotometer. ‘H NMR spectra were 

recorded with Varian Gemini 200 and Bruker AM 500 spectrometers. Column chromatography was performed 

on Merck Kieselgel (230-400 mesh). 

Compounds 5, 8, 11, and 14 were obtained according to the known procedure.6 

1,2a-isopropy~ideneS,6-di-O-tosyl-3-O-vioyl~-D-glueopyraRose (5). IR (CHCQ 1621 cmY’; ‘H 

NMR (CDCI,) selected absorptions taken from the contaminated substrate: 4.17 (dd, lH, J 2.6, 6.8 Hz, vinyl), 
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4.54 (d, lH, J1,2 3.7 Hz, H-2), 5.77 (d, lH, H-l), 6.22 (dd, 1H, J 6.8, 14.4 Hz, vinyl); MS (EI, HR) m/z: (M+- 

CHs) cakd for C,H,,Ot&: 539.10456. Found: 539.10407. 

1,2~-lfopropylMeae-S~-~syl3-O-vlnyl-u (8). tnp. 12&129’C, [a]n -19.9’ (c 1.2, 

CH$lJ; 1R (CHCQ: 1622 cm- ‘* %I NMR (CDU,): 1.29, 1.47(2.s, 6H, isoprop.), 4.14 (dd, lH,J 2.6, 6.7 Hz, , 

vinyl), 4.19 (dd, lH, J 6.3, 10.3 Hz, H-5), 4.25 (dd, 1H,J 5.9, 10.3 Hz, H-5’), 4.31 (d, IH, Js,a 3.8 Hz, H-3), 

4.33 (dd, lH,J 2.6, 14.4 Hz, vinyl), 4.45 (sext, lH, H-4), 4.54 (d, lH.,JI,Z 3.8 Hz, H-2), 5.84 (d, lH, H-l), 6.24 

(dd, lH, J 6.7, 14.4 Hz, vinyl): MS {RI, HR) mh: (Mt-CHs) caicd for C,,H,,07S: 355.08514. Found: 

355.08500. 

l,~-isopropylidene-S~~p~py~~~yl-3~-vinyl-a-D-~~~~ (11). [ub -ilk? 

(c 2.2, CH,CLJ; iR (CHCl& 1622 cm-‘; ‘H NMR (CDCQ: 1.30, 1.47 (2s 6H, isopr.), 2.9 (septet, lH, p-i-Pr), 

4.13 (septet, 2H, o-GPr), 4.16 (dd, lH, vinyl), 4.20 (dd, lH, H-S), 4.33-4.38 (m, 3H, H-3,5’, vinyl), 4.58 (d, lH, 

JIJ 3.8 Hz, H-2), 4.88 (m. IH, H-4), 5.87 (d, lH, H-l), 6.31 (dd, lH,J 6.8, 14.3 Hz, vinyl); MS (EI, HR) m/z: 

(M+-CHs) caicd for CUHs507S: 467.21034. Found: 467.21050. 

1,2-isopropylidene-5_-~~~y~lyl-3-O-vinyl-a-D-xy~~u~e (14): [aID -42.S” (c 0.1, CHZCI& 

IR(CHCQ 1621 cm-‘; * H NMR (CDCl-&: 1.30, 1.48 (2s, 6H, izopr.), 4.02 (m, 2H, H-5,5’), 4.09 (dd, lH,.7 

2.3, 6.8 Hz, vinyl), 4.35 (dd, lH, J 2.3, 14.4 Hz, vinyl), 4.38-4.47 (m, 2H, H-3,4), 4.57 (d, lH, JU 3.9 Hz, H- 

2), 5.87 (d, lH, H-l), 6.28 (dd, IH, J 6.8, 14.4 Hz, vinyl); MS (El, HR) mh: (M*-CHs) calcd for t&H,,O,Si: 

459.16277. Found: 459.16270. 

17: ‘H NMR (CDC&) selected signals taken from the spectrum of the mixture of 14 (70%) and 17 

(30%): 1,20, 1.43 (2s, 6H, isopr.), 3.83 (dd, 1HJ 5.6, 10.0 Hz, H-5), 3.91 (dd, lH, J 6.5, 10.0 Hz, H-S’), 3.95 

(d, lH, J 2.3,6.8 Hz, vinyl), 4.47 (d, lH, J3,4 2.7 Hz, H-3), 5.96 (d, lH, J,,, 3.6 Hz, H-l), 6.39 (dd, lH, J 6.7, 

14.4 Hz, vinyl). 

l,tO-Csop~pylWeae-JU-~i~ykilyl-3_O (14) from 8. To a solution of 

sodium (0.74 g, 32 mmol) in liquid ammonia (200 ml) compound 8 (3.0 g, 8.1 mmol) in dry THF (10 ml) 

was added dropwise. Reduction was continued at -33’C for 1.S h. Subsequently ammonium chloride (5 g) was 

added and ammonia was allowed to evaporate. The reaction mixture was treated with water (20 ml) and 

extracted with AcOEt. The product was purified by chromatography to afford 16 (1.25 g, 76%); ia&, -47.0’ 

(c 0.3, CH,Cl-J; ‘H NMR (CDCQ: 1.33, 1.52 (2s, 6H, isopr.), 3.84 (dd, lH, Jbs 4.9, J,$,. 11.9 Hz, H-5), 3.94 

(dd, lH, J,>. 5.7, H-S’), 4.19 (dd, lH, J 2.5, 6.8 Hz, vinyl), 4.46 (dd, lH, J 2.5, 14.4 Hz, vinyl), -4.4 (m, 2H, 

H-3,4), 4.61 (d, lH, J,,, 3.9 Hz, H-2), 5.95 (d, lH, H-l), 6.37 (dd, lH, .I 6.8, 14.4 Hz, vinyl); MS (ET, HR) 

m/z: (M+-15) calcd for CsH1,Os: 201.0763. Found: 201.0762. Compound 16 (0.16 g, 0.8 mmol) was dissolved 

in CH2C$ (3 ml) and pyridine (5 ml) and treated dropwise with triphenylsilylchloride (0.3 g, 1.0 mmd) in 

CHZC12 (2 ml). The mixture was stirred at room temperature for 20 min and then poured into water and 

extracted with toluene. The extract was dried and evaporated. The crude product was purifkd by 

chromatography to give 8 (0.24, 65%). 
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[2+2]Cyclordd&tion of chlorosulfonyl isocyanste to vinyl ethers 2, 5, 8, 11, and 14. To a suspension 

of anhydrous sodium carbonate (0.15 g) in anhydrous toluene (2 ml) chlorosulfoayl isocyanate (114 ~1, 1.3 

mmol) was added. The mixture was stirred and upon cooling to -78’C a solution of a vinyl ether 2, 5, 8, 11, 

or 14 (1.0 mmol) in toluene (2 ml) was added dropwise. Depending on the vinyl ether the temperature of the 

mixture was allowed to rise to -4O* - f#‘C and it was maIntained for 20 min -5 h. The suspension was cooled 

to -78’C, diluted with toluene (6 ml), treated with Red-Al (1.4 ml of a 1M solution in toluene), and leff for 15 

min whereas the temperature of reaction was maintained. Subsequently the temperature was allowed to rise 

to -lO°C, water (0.5 ml) was added, and the solution was stirred for 45 min. The organic layer was separated, 

washed, dried, and purified on silica gel to give the respective products. 

(4’R) 3-O-(azetidin-2’-onyI-4’)-1,2U-(isopntpylldeae-5,6d~-O-~syl-~-D-~I~ofu~~se, (6); 60%; 

[a& -22.9o (c 0.6, CH&LJ; IR (CHCf$ 1776 cm ‘l; ‘H NMR (CDCI,): 1.30, 1.44 (Zs, 6H, isopr.), 2.44, 2.47 

(Zs, 6H, CH,), 3.02 (dd, lH,J 1.7, 15.5 Hz, H-3’a), 3.22 (ddd, ZH, J 3.5, 4.0, 15.5 Hz, H-3’b), 4.00 (dd, IH, 

J 5,6n ‘& Jh,6a 11.4 Hz, H-6a). 4.20-4.36 (m. 3H. H-3, 4, 6b), 4.54 (d, 1H,31,2 3.7 Hz, H-2), 5.10 (ddd, IH, H- 

5), 5.38 (dd, lH, J 1.7, 4.0 Hz, H-4’), 5.82 (d, lH, H-l); MS (EI, HR) m/z: M*. calcd for C,,H,,NO,,S,: 

597.1338. Found: 597.1336. 

(4’R) and (4’S) 3-0-(azetidio-2’~ny1-4’)-1,2-0-isopropy1idene-5-0-tosyf-a-~xylofuranose (9a and 

9b) in a ratio 2:1, respectively; 47%; 9a: ‘H NMR (CDCld taken for the mixture: 1.30, 1.46 (2s, 6H, isopr.), 

2.46 (s, 3W, tosyl), 2.88 (dd, lH, J 1.5, 15.3 Hz, H-3’a), 3.11 (ddd, IH, J 3.3, 4.0, 15.3 Hz, H-3’b), 4.09 (d, 

lH, .&, 3.3 Hz, H-3), 4.11 (dd, lH, J4,s 5.1, J5a,5b 9.6 Hz, H-5a), 4.24 (dd, lH, J4,sb 8.1 Hz, H-5b), 4.39 (ddd, 

lH, H-4), 4.53 (d, lH, J,,, 3.7 Hz, N-2), 5.21 (dd, lH, J 1.5, 4.0 Hz, H-4’), 5.87 (d, lH, H-l). 

9b: ‘H NMR (CDCI,) taken for the mixture: 1.31, 1.47 (2s, 6H, isopr.), 2.82 (dd, lH, J 1.3, 15.0 Hz, H-3’a), 

3.16 (ddd, lH, J 2.9, 3.9, 15.0 Hz, H-3’b), 4.06 (d, IH, ._$ 3.2 Hz, H-3). 4.11 (dd, IH, H-5b), 4.26 (dd, lH, 

J, 5b 8.2, Jiia 5b 9.7 Hz, H-561, 4.40 (ddd, lH, H-4), 4.51 (d, lH, J,,, 3.6 Hz, H-21, 5.17 (dd, lH, J 1.3, 1.9 Hz, 

H-4’), 5.86 (d, lH, H-l). 

(4’R) 3~-(ozetidin-2*onyl-4’)-1,2-O-isopropylidene-5-O-~syi-a-D-xylofu~anose (9a) from 15. 

Compound 15 (0.066 g, 0.13 mmol) dissolved in pyridme (1 ml) and methylene chloride (1 ml) was treated with 

commercial HF/pyridine complex (0.2 mmol). After 5 min tosyl chloride (0.076 g, 0.4 mmol) was added and 

the mixture was left overnight at room temperature. Subsequently the mixture was poured into water and 

extracted with methylene chloride. The extract was washed with 5% sulfuric acid, saturated solution of sodium 

bicarbonate and water. The solution was dried, and evaporated. Crude 9a was purified on a silica gel column 

using t-butyl methyl ether as an eluent to afford 0.022 g (54%); [aID -24.5 (c 0.3, CH,Cl& MS (El, HR) m/z: 

M+ calcd for C,,H,,NO,S: 413.11444. Found: 413.11449. 

(4’R) and (4’S) 3U-(8~tidin-2’-onyl-4’)-1,2-O-isopropylidene-5-O-triisopropylbenzenyl-~-D- 

xylofuranose (12~3 and 12b): in a ratio 3.3:1, respectively; 25%; 

12a: ‘H NMR (CDCQ selective signals taken for the mixture: 2.96 (dd, 1H, f 1.5, 15.3 Hz, H-3’a), 3.17 (ddd, 
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lH, J 3.3, 4.0, 15.3, H-3’b), 4.15 (d, lH, f3,0 3.2 Hz, H-3), 4.34 (dd, lH, J4,sb 8.0, J5ast, 9.7 Hz, H5b), 4.56 

(d, lH, $ 3.70 Hz, H-2), 5.29 (dd, lH, J 1.5, 4.0 Hz, H-4’), 5.89 (d, lH, H-l), 6.45 (bs, lH, NH). 

12b: ‘H NMR (CDCIa) selective signals taken for the mixture; 2.89 (dd, lH,J 1.4, 15.0 Hz, H-3’a), 3.19 (ddd, 

IH, J 2.9, 3.9, 15.0 Hz, I-I-3’b), 4.53 (d, lH, II,2 3.7 Hz, H-2), 5.21 (dd, lH, J 1.4, 3.9 Hz, H-4’), 5.89 (d, lH, 

H-l), 6.58 (bs, lH, NH); MS (ET, HR) taken for the mixture 12n and 12b, m/z: M+. calcd for C$,H,sNOsS: 

525.23963. Found: 525.2396. 

(4’R) 3~-(azetidin-2’-onyi~‘)-l,~-~opropylide~e-5U-tri~heny~ilyl-a-D-~lofu~no~e (15): mp. 

135-136’C, [c$, -25.6’ (c 1, CH$XJ; IR (CHCQ: 1780 cm-l; ’ H NMR (CDCI.$ 1.30, 1.47 (2s, 6H, isopr.), 

2.77 (dd, lH, J 1.5, 15.2 Hz, H-3’a), 2.85 (ddd, lH, J 3.0, 3.9, 15.2 Hz, H-3’b), 3.94 (dd, 1H,J4,s, 8.9, JSa,s6 

9.8 Hz, H-5a), 4.04 (dd, lH, J4,5b 4.8 Hz, H-5b), 4.10 (d, lH, Js,4 3.2 Hz, H-3), 4.35 (m, lH, H-4), 4.55 (d, 

lH, Ju 3.8 Hz, H-Z), 5.11 (dd, Hi, J 1.5, 3.9 Hz, H4’), 5.87 (d, lH, H-l), 6.22 (bs, lH, NH); MS (EI, HR) 

m/z: (M+.-CH3) caicd for CBH2sN06Si: 502.16859. Found: 502.16847. 

(4’R) and (4’S) J-Q-(azetldin-2’-anyl4’)-1,2~-isopropylidene-a-D-gl~ofu~n~e (18) and (19). The 

mixture 3 (0.12 g, 0.36 mmol) was dissolved in acetic acid (4 ml) and water (1 ml) and left overnight. 

Subsequently solvent was evaporated and crude product was separated on a silica gel column using CH,CI, - 

methanol 95:s “/, as an eluent to give 18 (0.052 g) and 19 (0.014 g). 18: mp. 167-i68OC, iaIr, -5.Y’ (c 1, 

MeOH); IR (KBr): 3414,3283,3230, 1744 cm -*; ‘H NMR (CH,CN): 1.28,1.44 (2s, 1.44 (2s, 6H, isopr.), 2.78 

(dd, lH, J 1.4, 15.0 Hz, H-3’a), 3.07 (ddd, lH, J 3.0, 4.0, 15.0 Hz, H-3’b), 3.50 (dd, lH, Js.ea 5.5, J6a,6h 11.6 

Hz, H-6a), 3.66 (dd, lH, J 2.9, 11.6 Hz, H-6b), 3.72 (m, lH, H-5), 4.02 {dd, lH, fs,4 2.9, J4,s 9.1 Hz, H-4), 

4.06 (d, lH, H-3), 4.60 (d, lH,JtZ 3.7 Hz, H-2), 5.22 (dd, lH, J 1.4,4.0 Hz, H-4’), 5.81 (d, lH, H-l); MS (EI, 

HR) m/z: (M+-CH3f calcd for C,tH,,NO,: 274.09267. Found: 274.0926. 

19: [aID -13.6’ (c 0.14, MeOH); IR (CH,): 1750 cm-t; 1 H NMR (CH$N): 1.28, 1.44 (2s, 6H, isopr.), 2.77 (dd, 

lH, J 1.4, 15.0 Hz, H-3’a), 3.07 (ddd, lH, J 2.8, 4.0, 15.0 Hz, H-3’b), 3.51 (dd, lH, J5,6a 5.6, J6,+, 11.5 Hz, 

H-&t), 3.66 (dd, lH, J5,6b 3.0 Hz, H-6b), 3.75 (m, lH, H-S), 4.02 (dd, lW, J 3.0,g.O Hz, H-4), 4.06 (d, lH, H- 

3), 4.58 (d, lH, Jr,, 3.7 Hz, H-2), 5.23 (dd, lH,J 1.4,4-O Hz, H-2), 5.81 (d, lH, H-l). MS (EI, HR) m/z: (M+- 

CH3) catcd for C,lH,,NO,: 274.09267. Found: 274.0926. 

(4’R) and (4’S) 5-amino-5-deoxy-l,2-O-Eropropyiidene~~~-~~(~~i~-2’~nyl4’)-a~D-~lofu~no~e 

(20 and 21). Compounds 9 (0.21 g, 0.5 mmol) was dissolved in acetonitrile (15 ml) and treated with 

tet~butyiammonium bromide (0.17 g, O.Smmol) and pulverized anhydrous K&O, (0.7 g). The mixture was 

stirred and kept under reflux for 40 min. Subsequently toluene (10 ml) was added, the mixture was filtered, 

washed with water, dried, and evaporated. The crude product was separated on a silica gel column using ethyl 

acetate - hexane 1:l “iv as an eluent to give 20 (0.066 g, 55%) and 21 (0.043 g, 35%). 

20: mp. 161-165*C, [alr, 121.1’ (c 0.9, CH,Ci& IR (CHCXJ: 176.5 cm”‘; IH NMR (CDCQ: 1.33, 1.50 (2s, 

6H, isopr.), 2.75 (d, lH, J 15.1 Hz, H-3’a), 3.15 (m, lH, H-3’b), 3.53 (dt, IH, H-5a), 3.79 (dd, lH, Jd,sa 4.4, 

JSa,sb 13.8 Hz, H-.5b), 4.33 (dd, IH, J 0.3, 3.2 Hz, H-3), 4.43 (m, lH, H-4), 4.62 (d, lH, J,$3.8 Hz, H-2), 4.98 




