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AbUtact.- Shx.tt.ng &torn &c&one g.fucose the 6ynihtiti o,j 
~polybunctumakzed cyctohexane dwwaakv~ 1, 2, and 16 
AA deswubed. 

INTRODUCIION 

In the last years the syntheses of carbocycles has attracted considerable interest.’ The 

free radrcal route 1s an extremely efficient strategy for the cyclizatron of carbohydrate derrva- 

trves.2 Most of these processes have involved the cyclizatron of S-hexenyl radicals medated by 

tributyltrn hydrrde;3 only a relative restricted number of examples of 6-membered ring 

constructron by radrcal cychzation have been published.4 

In the context of a program Qrected 

towards enantloselective total synthesis of natural 

-09 -09 

products contanung a cyclohexane ring, we needed 

building blocks type A and B (Frg. 1); compounds 

1 and 2 (Scheme I), respectively, are good 

examples of thts type of structures. In our X&LO- 
B tao!ua.t synthetcc ana.ty6ti ,5 compound 1 could be 

Ftg 1 
obtained by 6-ando mode of cyclrzation of radrcal 

C, and compound 2 by a 6-exe cychzatron of radt- 

cal D (Scheme I). In this paper we describe the 

successful1 accom&shment of these obJectives. 6 

RRSULTS AND DISCUSSION 

The radical precursors have been obtained from readily avarlable diacetone glucose 3 by 

known or standard procedures. Compound 8 has been obtarned from rntermedrate 4’ followrng 
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the steps shown in Scheme 

11. Under typical conditions 

for free radrcal cyclisation 

(See Experimental Part) 8 
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Scheme I 

gave the desired carbocycle 

1 (Scheme I) in 71 % yield; 

wJco;ldfor;f ofder;poz; 

8. So, It IS clear that being 

the S-exe cyclyzatron drffl- 

cult as rt would lead to a 

congested fian6 -dlquinane 

compound, the 6-endo pro- 

duct is formed m good yield 

glnng a stable &an6 annu- 

lated furanose 1. 

Durrng the course of 

this work we had notlce of a report about the free radical cychsation of bromoacetals of 3- 

hydroxyhexa-1,5-dienes;8 In 

the case shown in Scheme 

III, the nutlal radical E 

undergoes S- exe cyclrratlon 

to produce intermediate F; 

as the authors state “owrng 

to sterlc repulsion the car- 

bon bearing the radical has 

a tendency to remain hand 
1 NaI04 

to the ally1 group rn the 

cyclized product F, and the 

only detected product 1s 9; 

the S-ewe cychzed product 

10 1s prevented as it would 

led to a strained compound” 

and the annulated furanose 

11 1s absent. In vrew of 

these results, the formation 

of compound 1, very analo- 

gous to 11, during the cych- 

ration of precursor 8, seems 

to us very interesting. It is 

rf 
7 

Scllene I I 

g 

r( 
8 

not easy to explain the different behavrour of radicals C (Scheme I) and F (Scheme Ill), but 
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OEt rt is probably related to stereoelectromc 

effects in the preferred conformatrons of 

these radrcals rn the transrtron states. 
dllJ 

10 The radical precursor 12 (see Table 

OEt I) has been synthesrzed from compound 4 

kkheme II) by bromrnation, reduction and 

Wrttig reaction (see Scheme IV), rn thus 

process we Isolated only one product, the 
9 

OEt 

expected E isomer, as it could be confrrm- 

ed by ‘H NMR analysis (6 H, = 5.90; 6 Hg = 

7.02; Jqs = 16.0 Hz). The cyclizatron of 

substrate 12 gave compound 2 in good yreld 

and diastereoselectrvrty (see Table I). After 

careful flash chromatography9 the a/B rso- 

mers could be separated and analyzed. The 

absolute conflguratlon at C-7 In the major 

SchemeIll 

u isomer 1s S; this could be established in the ‘H NMR spectrum (see Table II); H7 appears at 

6 2.34, with vicmal couphng constants J7 6ax= J7 8ax= 

=2.37, J7,gax= 6.1 Hz and J7,6eq= 7,BeqL 

12.5 Hz. The minor isomer B shows. 6 H7 

3.3 Hl, m good accordance with the absolute confl- 

guration 7R. 

Table I 

Radical Precursor Products ( yleki %ja 

12 x =011 ( Y =CH2 2 (4 05 1s 

15 x =oaz v= Cl,* 16 (00) 00 20 

17 X=0,, y=o 16 cl"," 4, 

a, Combmed Isolated ywlds , bl The tsomer ratios were determmed by ‘H NMR (300 MHz) 
on the crude reactton mwtures 

It was interesting to analyze the effect of the substltutlon at C-5 In compound 12 over 

the radical cychzatron. So, we have synthetlzed the benzoate 15 (Table 1). The benzoylation of 

compound 12 gave the expected compound as a mixture of E and 2 isomers (7.5: l), that were 

separated by flash chromatography. The cychzatlon of compound 15 under the same condltlons 
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Ph#‘.CHCOOCH, 
- 12 

Scheme IV 

Table II ’ H-NMR parameters for 20,6 

A a 

I S = CHCOSMe 

X-OH .OCOPh 1 

d isomers B isomer8 

ZH-12 

0-CH3 

OH 

195(d) 2 66(dd) 

1 92(d) 2 Wdd) 

3 56(s) 3 61(s) 

2 18(s) 2 92(s) 

Jgem - 15 9 

J12 ’ , = 7 4 

3 12’,7 -” 

Schema V 

used for the cyclization of 

compound 12 gave the carbo- 

cycle 16 (Table I) In good 

yield, m almost equal diaste- 

reoselectlvity (see Table I). 

The ratlo of Isomers were 

determined by integration of 

the methoxy signals m the 
1 
H NMR spectrum (6 3.64, s, 

for the major a isomer, and 

6 3.54,s, for the minor 0 ISO- 

mer). Unfortunately we could 

not separate these Isomers, 

but simple benzoylatron of the 

major 2 isomer gave pure 

maJor 16 a. 

In Scheme V we show 

a possible rationale for the 

stereochemical results obtain- 

ed in these 6-euo cyclrza- 

trons: assumrng that rn the 

transrtron state the radical 

cychzes m a chair-like con- 

formation,l’ the 1,3-diaxial 

unfavourablc interactions m 

B drives the equrlibrium to 

the A rotamer, thus grvrng 

the O! Isomer as the major 

product. However, mcreastng 

the steric repulsion by putting 

a benzoate at C-5 does not 

lead to a major proportron 
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of the Q isomer; we cannot exclude the significance of the potential electronic effects of the 

aryl ester. 
2b 

The stereochemical results obtained in this work are also in accordance wrth the 

reported transformatron of compound 17 into 18 11 (see Table I); only one Isomer was detected; 

this is probably due to the fact that the C-O bonds being shorter than the C-C bonds,12 the 1,3- 

diaxral interactions between OH-C5 and the alkene moiety in the transrtion state leadrng to 

the B isomer are stronger in compound 17 than rn 12 or 15. 

In summary, we have described the synthesis of some polyfunctfonalised cyclohexane 

rings in enantiomerrcally pure form VU free radical cyclisation of rntermedrates derived from 

carbohydrates. In some of these processes a new stereocenter has been formed at 066 template 

6.&z l3 wrth good dmstereoselectmty. 

EXPERIMENTAL 

Melting points are uncorrected and were determmed in a Kofler apparatus. Optrcal 

rotations were measured wrth a Perhn-Elmer 241 polarrmeter wrth a 1-dm cell. Elemental 

analyses were carried out in Madrid with the help of a Perkrn-Elmer 240 analyzer. IR spectra 

were determined on a Perhn-Elmer 257 spectrometer. 
1 

H NMR spectra were measured on a 

Varian EM 390, Varmn XL-300 or a Bruker AM-200 spectrometer using tetramethylsilane as 

internal standard. Mass spectra were obtarned with a AEI MS 50 spectrometer. For column 

chromatography, the flash chromatography technique on srhca gel was used.9 

3-Deoxy-1,2-O-isopropylidene-3-C-(methoxycarbonyImethyl)-a-D-ribofuranose (5).- Compound 47 

(2.6 g, 10.5 mmol) dissolved in methanol (100 mL) and cooled at O°C was treated with an 

aqueous solutron (40 mL) of sodrum metaperiodate (3.96 g, 18.5 mmol, 1.1 es.), the mixture 

was stirred at room temperature for 45 mm. The solvent was removed and the resrdue suspended 

m water and extracted several times with ethyl acetate. The orgamc extract was washed wrth 

brine and dried. The solvent was removed and the residue dissolved m methanol (40 mL), cooled 

at O°C and treated with so&urn borohydrrde (704 mg, 18.5 mmol, 1.1 es.). The mixture was 

stirred at room temperature, under argon, for 1 h. After 1 h, brine was added and the methanol 

evaporated; the resrdue was extracted several trmes with ethyl acetate, the orgamc extract was 

washed with brine and dried. Evaporation and flash chromatograpphy (hexane/ethyl acetate 

1: 1: 5) gave 5 (1.62 g, 63%) as an 011: [a12i +63O (c 2.4, CHC13), IR (film) v : 3480, 2995, 

2960, 2945, 2890, 1740, 1445, 1420, 1390, 1380, 1345, 1220, 1170, 1140, 1120, 1020, 880 Cm-l, 

‘H NMR (90 MHz, CDCl3) 6: 5.95 (d, J=3.6 Hz, lH, H-l), 4.92 (t, J =3.6 Hz, lH, H-2), 4.03 

(m, 2H, CH2-OH), 3.85 (s, 3H, 0CH3), 3.8-3.6 (m, lH, H-4), 3.0-2.2 (m, 4H, H-3, OH, COlf2- 

COOCH3), 1.62 (s, 3H), 1.45 (s, 3H), MS (70 eV) m/e: 231 (M+-15,33), 215(8), 157(100), 139 

(16), 111(12), 97(51), 83(13), 59(48), 43(69). Anal. Calcd. for CllH1806: C, 53.65; H, 7.37. 

Found. C, 53.55, H, 7.50 %. 

3-Deoxy-3-C -(formylmethyl)-1,2-O -isopropylidene-a-0 -ribofuranose (6).- Compound 5 (2.6 g, 
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10.5 mmol) dissolved in dry toluene (30 mL), cooled at -78OC, under argon and stirring, was 

treated dropwise with dusobutylaluminium hydride (19 mL, 19 mmol , 1.0 M in hexane, 1.8 eq.); 

after 30 min, methanol (SO mL) was added slowly and the mixture warmed at room tempera- 

ture. The mixture was filtered over Celite, the solvent evaporated and the residue submitted to 

flash chromatography (hexane/ethyl acetate, 2: 3) giving compound 15 as an oil (1.5 g, 67 %); 

[al “d +72” (c 1.1, CH(X3), IR (film) v: 3440, 2990, 2940, 2880, 2730, 1725, 1455, 1420, 1385, 

1375, 1330, 1250, 1215, i170, 1110, 1020, 875 cm-‘; ’ H NMR (90 MHz, CDCl,) 6 : 9.9 (s, lH, 

HCO), 5.90 (d, J=3.4 Hz, lH, H-l), 4.85 (t, J-3.4 Hz, lH, H-2), 4.03-3.70 (m, 4H, H-4, 2H-5, 

Off), 2.9-2.65 (m, 3H, H-3, Cff2)-CHO), 1.53 (s, 3H), 1.35 (s, 3H); MS (70 eV) m/e: 201 (Id 

-15,70), 185(11), 141(19), 127(64), 99(16), 83(30), 69(69), 59(71), 43(100). Anal. Calcd. for Cl0 

H1605: C, 55.54; H, 7.46. Found. C, 55.15; H, 7.34 %. 

3-Deo~-1,2-O-isopropyli&ne-3-C-(2-propenyl)- -r-D-dbofuranose (7).- To a solution of PhjP=CH2 

(21 mmol, 3 eq) In dry tetrahydrofuran (30 mL), under argon, and stlrrlng at -20°C, a solution 

of compound 6 (1.52 g, 7 mmol) in dry tetrahydrofuran (20 mL) was added dropwise. After 1 h 

the mixture was warmed at room temperature overmght. Acetone was added and stirred for 10 

min, the solution was diluted with methylene chloride and washed with a saturated aqueous 

solution of sodium bicarbonate and brine. The solution was dried, evaporated and submitted to 

chromatography (hexane/ethyl acetate, 1: 1). Compound 7 wasobtained as an oil (1.0 g, 71%); 

[al”,’ +860 (c 2.1 CHClj), IR (film) v: 3450, 3080, 2990, 2940, 2880, 1645, 1440, 1385, 1375, 

1250, 1220, 1170, 1110, 915, 875 cm -l; ‘H NMR (90 MHz, CDCl,) 6: 5.92 (d, J -3.6 Hz, lH, 

H-l), 6.06-5.8 (m, lH, CX=CH2), 5.33-5.1 ( m, 2H, CH2=CH), 4.75 (t, J = 3.6 Hz, lH, H-2), 4.03 

(m, 2H, CH20H), 3.83-3.5 (m, lH, H-4), 2.73 (s, lH, OH), 2.5-2.0 (m, 3H, H-3, Cff2-CH=CH2), 

1.6 (s, 3H), 1.43 (s, 3H). MS (70 eV) m/e: 199 (M+-15,100), 125(97), 79(54), 59(45), 43(73). 

Anal. Calcd. for C11H1804. C, 61.66, H, 8.47. Found: C, 61.55; H, 8.49 %. 

5-Bromo-3,5-di~~-l,2-0-isopr~lidene-3-C~2-prapenyl]-a-D-ribofurawse (8).- A solution of 

7 (1.0 g, 4.67 mmol), carbon tetrabromide (4.65 g, 14 mmol, 3 eq.) in dry tetrahydrofuran (25 

mL), cooled at O°C, under argon, was treated with triphenylphosphine (3.67 g, 14 mmol, 3 es.). 

The mixture was stirred at room temperature overmght, the solvent removed and the residue 

submttted to chromatography (hexane/ethyl acetate, 19. l), giving compound 8 (858 mg, 69%) 

as an ok [a12z +68O (c 2.3 CHC13); IR (film) v : 3080, 2990, 2940, 2850, 1645, 1455, 1440, 

1425, 1375, 1250, 1220, 1170, 1110, 1035, 1010, 920, 875 cm-‘; ‘H NMR (200 MHz, CDCl,) 6: 

5.87 (m, Jcls= 10.05 Hz, Jtrans= 17.4 Hz, lH, C =CH2), 5.81 (d, Jl 2= 3.7 Hz, lH, H-l), 5.15 

(m, Jgem= 1.68 Hz, lH, CH=CH2), 5.07 (m, J = 1.68 Hz, lH, CH:CH2), 4.63 (t, J = 3.7 Hz, 

lH, H-2), 3.98 (m, J=9.49, 4.37 and 2.79 HiFTH, H-4), 3.72 (dd, J =11.42 and 2.79 Hz, lH, 

CH2-Br), 2.4 (m, J =13.44, 12.8 and 7.57 Hz, lH, C 2- CH=CH2), 2.17 (m, J = 13.44, 12.8 and 

5.94 Hz, lH, CH2-CH=CH2), 2.05 (m, J = 12.8, 9.49 and 3.7 Hz, H-3), 1.5 (s, 3H), 1.32 (s, 3H), 

MS (70 eV) m/e. 211, 263 (M+-15,90), 219, 221(13), 201, 203(22), 161(8), 139(21), 125(33), 93 

(70), 81(74), 43(100). We could not obtain a satisfactory elemental analysis. 

Cyclizatlon of compound 8: Compound 8 (886 mg, 3.2 mmol) dissolved m benzene (160 mL, 0.02 
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M) was degassed with argon 1 h and treated, at reflux, with tributyltin hydride (2.15 mL, 8 

mmol , 2.5 eq.), AIBN (cat.) in benzene (10 mL), added u&z syringe pump in 18 h. The solvent 

was removed and the residue dissolved in ether, treated with 10% potassium fluoride aqueous 

solution overrught; the orgaruc phase was separated, drred and evaporated. Flash chromatography 

gave compound 1 (435 mg, 71%): mp 36-38W; [a]“, +14O (c 1.3, CHC13); fR (KBr) v: 2980, 

2960, 2940, 1890, 1870, 1455, 1385, 1375, 1255, 1215, 1170, 1120, 1020, 885 cm -l; ‘H NMR 

(200 MHz, CDC13) 6. 5.79 (d, J=3.7 Hz, lH, H-l), 4.55 (t, J= 3.7 Hz, lH, H-2), 3.54 (td, J = 

3.9 and 10.3 Hz, lH, H-4), 2.30-2.10 (m, lH, H-3), 1.82-1.75 (m, 2H), 1.51 (s, 3l-0, l-32 (s, 

3H), 1.45-1.10 (m, 6H). 13C NMR (SO MHz, CDCl,) 6: 110.84 (C-9), 104.98 (C-l), 80.25, 78.39 

(c-2, c-4), 49.18 (C-3), 30.38, 25.64, 23.71, 23.40 (C-5, C-6, C-7, C-8), 25.87, 25.23 (C-10, C- 

ll), MS (70 eV) ,,,/e: 183 (M+-15, loo), 137(14), 123(59). Anal. Calcd. for CllH1803: C, 66.64, 

H, 9.15. Found: C, 66.57; H, 9.21 %. 

6-Bromo-3,6-dideoxy-3- C -(methoxycarbonylmethyl)-1,2-O -isoprop&k~~-a- D-nNofurm (13).- 

Compound 47 (400 mg, 1.4 mmol) and carbon tetrabromlde (1.39 g, 4.2 mmol) were dissolved In 

dry tetrahydrofuran (10 mL) and cooled in an rce bath. Triphenylphosphrne (1.1 g, 4.2 mmo1) 

was added and the reactlon stlrred at room temperature overmght. The solvent was evaporated; 

flash chromatography (hexane/ethyl acetate 4: 1) gave compound 13 (289 mg, 60%) as an 011: 

kl’d -110 (c 2.1, CHC13); IR (film) v: 3600-3200, 2950, 1740, 1380, 1220 cm -l; ‘H NMR (90 

MHZ, CDCl,) 6. 5.78 (d, J=3.6 Hz, lH, H-l), 4.75 (t, J =3.6 Hz, lH, H-2), 3.80-3.30 (m, 4H, 

2H-6, H-5, H-4), 3.70 (s, 3H, -C02Cg3), 2.85-2.65 (m, 2H, -C H2-C02CH3), 2.00-1.65 (m, 2H, 

OH, H-3), 1.50 (s, 3H, -0-CM&,-0-), 1.32 (s, -0-CMe2-0-), MS (70 EV) m/c: 30S(3), 134,136 

(48), 106, 108(12), 9S(lO), 80, 82(50), SS(lOO), 41(15). Anal. Calcd. for C12HlgBr06: C, 42.49; 

H, 5.64; Br, 23.55. Found: C, 42.40; H, 5.39, Br, 23.31 %. 

6-Bromo-3,6-&oxy-1,2- 0 -isopropylidene-3- C- [E-(methoxycarbonyl)-2-propenyl] -a-D-allofuranose 

(12).- Compound 13 (672 mg, 2 mmol) &ssolved m dry toluene (10 mL), cooled at -78OC, under 

argon, was treated with DIBAL (6 mL, 6 mL, 1.0 M in hexane). After 30 mm the reaction was 

complete and an excess of methanol was added. The reaction was stirred at room temperature 

and flltered over Cellte. The solvent was evaporated; flash chromatography (hexane/ethyl acetate 

1.5: 1) gave compound 14 (556 mg, 90%). This product (171 mg, 0.55 mmol) dissolved in toluene 

(7 mL) was treated with (methoxycarbonylmethylen)trlphenylphosphorsn (274 mg, 0.82 mL) at 

room temperature during 18 h. Concentratron and flash chromatography (hexane/ethyl acetate 

2: 1) gave compound 12 (171 mg, 83 %) as an 011; [a]2i+1090 (c 2.5, CHC13, 1R (film) v: 3600- 

3200, 2990, 2960, 2940, 1725, 1660, 1440, 1385, 1375, 1220, 1170, 1040, 880 cm -l, ‘H NMR (90 

MHz, CDC13) 6 7.02 (dt, J= 16.0 y 7.0 Hz, lH, -Cff=CH-COOCH3), 5.90 (dt, J=16.0 and 1-S Hz, 

lH, -CH=C -COOCH3), 5.78 (d, Jl 2=3.6 Hz, lH, H-l), 4.60 (t, J=3.6 Hz, lH, H-2), 4.00-3.50 

(m, 4H, 2H-6, H-S, H-4), 3.70 (s: 3H), 2.70-2.40 (m, 3H, -CH=CH-CH2-, OH), 2.20-2.00 (m, 

lH, H-3), 1.49 (s, 3H); MS (70 eV) m/e 305,307(60), 263(g), 241(23), 23l(S3), 183(100), 151 

(SO), 123(Sl), 95(82), 79(38), 59(89), 43(53). Anal. Calcd. for C14HZ1Br06: C, 46.04; H, 5.79, 

Br, 21.87. Found: C, 45.99, H, 5.78; Br, 21.66 %. 
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5.61; Br, 16.90 %. 

cydizatim of compound 15-(E): Compound 15-V) (132 mg, 0.29 mmol) was cycked wng the 

same procedure for the cyclisation of compound 12 Flash chromatography (hexane/ethyl acetate 

4.1) gave a mixture of 16a,0 (95 mg, 82%) that we could not separate. 

Compound 20 was bensoylated usrng the standard protocol givrng compound 16a (77%) 

as an oil. [aj2L +5.5O (c 2.2, CHC13); IR (film) v : 3070, 2990, 2940, 2880, 1730, 1605, 1590, 

1490, 1455, 1440, 1420, 1385, 1375, 1275, 1220, 1170, 1115, 1030, 870, 715 cm -l; ‘H-NMR (300 

MHZ, CDC13)6:8.03-7.44 (m, 5H), 5.81 (d, J=3.5 Hz, lH, H-l), 5.72 (m, lH, H-5), 4.61 (t, J = 

3.5 HZ, lo, H-2), 3.81 (dd, J= 11.0 and 2.6 Hz, lH, H-4), 3.64 (s, -C02Me), 2.40-2.00 (m, 7H, 

H-3, 2H-6, H-7, H-8eq, 2H-12), 1.45-1.25 (m, lH, H-lax), 1.45 (s, 3H, -O-CMe2-O-), 1.37 (s, 

3H, -0-CM%-0-), 13G NMR (25.2 MHz, CDC13) 6: 177.55 (0-CO-Ph), 165.47 (C 00CH3), 137.66, 

129.71, 129.64, 128.13 (aromatrcs), 111.59 (C-9), 105.70 (C-l), 79.67, 78.75 (G-5, G-4), 68.74 

(G-2), 51.48 (O-CH3), 42.12, 40.15 (C-7, C-3), 35.07 (C-12), 29.77, 28.18 (G-10, G-11), 26.18, 

25.87 (C-6, C-8), MS (70 eV) m/e. 375 M+-15.19), 315(9), 269(6), 210(11), 193(16), 105(100), 

77(38). Anal. Calcd. for C21H2607. C, 64.60; H, 6.71. Found: C, 64.93, H, 7.00 %. 
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