
Pergamon Tetrahedron Letters 39 (1998) 2021-2024 

TETRAHEDRON 
LE'Iq'ERS 

Diastereoselectivity of  the Cyclization of  Hexos-5-uloses 

by Sm2-mediated Pinacol Coupling 

Matteo Adinolfi, Gaspare Barone, Alfonso Iadonisi,* and Lorenzo Mangoni 

Dipartimento di Chimica Organica e Biologica, Universita degli Studi Federico II 

Via Mezzocannone 16,1-80134 Napoli (Italy) 

Received 5 November 1997; revised 12 January 1998; accepted 16 January 1998 

Abstract : 2,3,4,6-Tetra-O-benzyl-hexos-5-uloses derived from D-glucose, 1)-mannose and D-galactose 
have been cycliz~ to cis-diols by a one pot Swem oxidation/Sml2-mediated pinacol coupling 
procedure. The effect of the substituent orientation on the diastereoselectivity of the coupling step is 
examined. © 1998 Elsevier Science Ltd. All rights reserved. 

We have recently described the total synthesis of the complex carbocyclic monosaccharide caryose. ] 

One of the key steps of the synthesis was the SmI:-induced cyclization of compound 2 (see Scheme 1), which 

was obtained through a double Swern oxidation of compound 1. 
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Scheme 1: i) (COCI)2/DMSO/Et3N/CH2CI2; ii) Sml2/t-BuOH/THF, -78°C --) r.t. (64% from 1 ) 

The preponderant product of this intramolecular pinacolic condensation was the desired compound 3, 

having the same configuration at its quaternary carbocyclic centre as the corresponding C-8 position of 

caryose As expected, 2 in this main product the cis hydroxyl groups were trans-oriented with respect to the 

adjacent alkoxy groups. Interestingly, the analogous cyclization of dialdehyde 5 (which differs from 2 in 

carrying an hydrogen atom in place of the methyl group) has been reported 3 to occur with a comparable 
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overall yield of carbocyclic cis-diols but with much lower diastereoselectivity (Scheme 2), Assuming a greater 

electrodonating power of  a methyl group with respect to an hydrogen atom, the sensibly higher selectivity 

found in the cyclization of compound 2 should suggest a particularly important role played by electrostatic 

interactions in the stereochemical control of this type of cyclizations. 

0 OH OH 
BnO,,,.S/ BnO,,...[...~ BnO.,...-" 

R I ~  0 R, ~ . ~  OH + ~ ' ~ . , , ,  OH 
• :, R 1~'~. "" 

R 2 OBrl R 2 OBn R 2 OBn 

5 RI=OBn, R2=H 6 RI=OBn, R2=H 7 RI=OBn, R2=H 
15 RI=H, R2=OBn 16 RI=H, R2=OBn 

Scheme 2 

6/7 75 : 25 (Ref. 3) 
16 only 

Starting from these observations we investigated the effect of the substituent orientation on the 

diastereoselectivity of the pinacol coupling in view of the possible extension of the procedure followed for the 

preparation of the caryose precursor 3 to a more general approach aimed at the diastereoselective preparation 

of higly functionalized cyclopentanes possessing a quaternary chiral centre. The procedure was based on a 

three step (benzylation, hydrolysis to hemiacetals and NaBH4 reduction at C-l)  easy conversion of methyl 

ct-hexopyranosides into alditols unprotected at C-1 and C-5. These intermediates were transformed into the 

corresponding 1,5-dicarbonylic derivatives, which underwent the intramolecular pinacolic condensation 

promoted by SmI2. In Scheme 3 the sequence of reactions needed to convert the methyl Ct-D-glucopyranoside 

into its corresponding partially protected alditol (9, yield: 65% from 8), is summarized. A similar procedure 

was used starting from methyl Ct-D-manno- and ~-D-galactopyranoside to prepare respectively, 2,3,4,6-tetra- 

O-benzyl-D-galactitol 10 (yield: 65%) and 2,3,4,6-tetra-O-benzyl-D-mannitol 11 (yield: 56%), respectively. 

OBn 
OH J OBn ~ OBn 

HO OCH3 BnO OCH3 OBn OBn 

Scheme 3: i) BnBr, Nail, DMF, O°C-->r.t.; ii) 7:1 AcOH/2N H2SO 4, reflux; iii) NaBH4, 2:1 MeOH/H20, reflux. 

Differently from compound 2, any attempt to isolate the hexosuloses produced by the Swem 

oxidation of 9-11 was limited by the remarkable propensity of these compounds to be hydrated during the 

extractive work-up. 4 Actually, we observed that hydration of these intermediates decreases sensibly their 

reactivity in the cyclization step. Therefore, the Swern oxidation and the subsequent pinacolic condensation 
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were both carried out in THF, adopting a one pot procedure. Satisfying yields of carbocyclic compounds were 

thus obtained in all cases (see Scheme 4). In a typical procedure, the reaction mixture of the Swern double 

oxidation 5 in TIIT was concentrated with a gentle stream of argon and then treated at -70°C with a 0.1 M 

solution in TIlT of samarium diiodide (5 eq) and with t-BuOH (1 eq). After overnight stirring, a standard work 

up procedure was employed. 1 
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As usual for this type of cyclizations2, 6 in all cases carbocyclic cis-diols turned out to be the most 

abundant products. On the other hand we have observed relevant differences in the diastereoselectiviy of the 

cyclizations depending on the saccharidic precursor. In fact, a lower diastereoselective ratio (12a/12b 60:40) 

was noticed in the case of 9, despite the cooperative trans orienting effect of the alkoxy substituents at C-2 

and C-47 closer to the hydroxylated positions of the produced cyclopentane, than in the cases of 11 (only 

carbocycle 14 was produced) and 10 (13a/13b 80:20), where the trans orienting effects of the substituents at 

C-2 and C-4, located on opposite sides of the ring, contrasted. Actually, in a more careful analysis of the three 

predominant products, it can be observed that in all cases the hydroxyl groups are located on the side of the 

ring having the lower number of alkoxy substituents. This evidence suggests that a tram-orienting contribute 

is furnished also by the 3-OBn group, although the actual nature of this supposed long-range effect is not 

clear. This effect favours 14 over its undetected diasteroisomer and 13a over 13b, accounting for the higher 

diastereoselectivity than in the case of 9, where it favours 12b over 12a, opposing the main effect exerted by 

the C-2 and C-4 alkoxy substituents. This hypothesis is supported by other reported instances. Cyclization 

of the 1,5 dialdehyde 15 from 2,3,4-tri-O-benzyl ribitol proceeds 3 with complete diastereoselectivity to give 
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16, differently from the analogous xylo derived compound 5 (scheme 2). In addition, the apparently anomalous 

stereoehemical behaviour reported by Chiara 8 for the SmI2-promoted one-pot conversion of 6-iodinated 

galactosides into cyclopentanes is consistent with this view. 

A further effect can be invoked to account for the sensibly different diastereoselectivity found in the 

three cases. In fact, the only product obtained from 11 presents a more favourable trans relationship between 

the sterically demanding 4-OBn and 5-CH2OBn groups. A cis relationship occurs instead for the substituents 

at C-4 and C-5 in the main products from 9 and 10. The resulting steric repulsion of these bulky groups 

contributes to explain the detectable formation of the diastereomers 13b and 12b. 

In conclusion, this work presents a wider insight into the factors governing the stereochemical outcome 

of the intramolecular pinacolic condensation of hexos-5-uloses mediated by SmI2. This cyclization is here 

exploited as the key step of an efficient synthesis of highly functionalized cyclopentanes containing a 

quaternary chiral centre. In addition, a generalizable expeditious procedure for the preparation of protected 

hexos-5-uloses is proposed. 9,10 
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