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Benzyl ether protected polyhydroxylated alkene compounds

containing allylic alcohol, ether or ester functionality undergo

a stereospecific cyclisation reaction upon treatment with TFA–

acetonitrile–toluene with inversion of configuration at the allylic

position and loss of a benzyl ether to give tetrahydrofurans.

The occurrence of tetrahydrofuran (THF) motifs in a wide

variety of natural products ensures a continuing interest in

their synthesis.1 Carbohydrates have been used as cheap and

convenient starting materials2 for the synthesis of highly

substituted THFs, either as substructures of natural products3

or as non-natural compounds with interesting properties.4

C-furanosides, hydrolytically stable analogues of furanosides

in which the exocyclic glycosidic oxygen is formally replaced

by a methylene group resulting in a THF structure, are

relevant in glycobiology. For example, galactofuranosides5

or, very unusually, glucofuranosides6 are components of

bacterial polysaccharides, and structural analogues of these

compounds could be used to investigate biochemical processes

in bacteria, or possibly lead to new antibiotics.7

Our own interest in THF synthesis began with the observa-

tion that treatment of the partially protected unsaturated

polyol 1 (easily obtained along with its C-1 epimer 2 by

treatment of tetrabenzyl glucose 3 with vinylmagnesium bro-

mide, Scheme 18) with 90% aqueous TFA resulted in the

formation of a major product, which was assigned the cyclic

structure 4 (Table 1, entry 1; HMBC showed that the benzyl

ether had been lost from O-4; for stereochemical assignment,

see below). Similar debenzylative cyclisations have been re-

ported before in iodoetherification reactions9,10 or for cyclisa-

tion reactions onto good SN2 leaving groups, e.g. sulfonates or

epoxides.11 Treatment of the epimer 2 under the same reaction

conditions gave a major product, a different compound, that

was also assigned a THF structure 5 (Table 1, entry 2). In both

cases, a number of by-products were seen, but only a single

stereoisomer of the respective THFs could be detected. The

most significant by-products in both reactions, easily separable

from the major products by column chromatography, were the

THFs 6 and 7 (Fig. 1), differing in structure from the major

products 4 and 5 by benzylation at O-5. This was proved by

benzylation (NaH, BnBr, DMF) of THFs 4 and 5 to give

compounds identical to 6 (94%) and 7 (87%), respectively. A

mixture of inseparable compounds was also isolated. The

NMR spectra of this mixture were inconclusive, but MS

showed a peak at m/z 573, i.e. MNa+ for M = 550, indicating

the presence of an extra benzyl group, presumably arising

from random substitution by the benzylic cation (generated on

ring-closure) on the aromatic rings of the benzyl ethers. We

concluded that to optimise this cyclisation reaction, we should

try adding scavengers to remove this benzyl cation. However,

while the addition of various scavengers did result in a

decrease in the amount of benzylated by-products, it also led

to excessive debenzylation (Table 1, entries 3–5). Using less

acid (e.g. 70% TFA in water) gave less debenzylation but also

a slower reaction.

After some experimentation, we discovered that treatment

of 1 with 70% TFA in acetonitrile with 20 equiv. toluene gave

the cyclised product 4 in good yield, with excellent purity after

flash chromatography and with only traces of benzylated and

debenzylated by-products seen on TLC (Table 1, entry 6). A

mixture of 2- and 4-benzyltoluenes could be isolated, indicat-

ing that toluene was indeed acting as a scavenger. The epimeric

diol 2 also underwent cyclisation under these conditions to

give the diastereomeric THF 5 (Table 1, entry 7). The cyclisa-

tion reaction of 1 could be carried out on a 1 g scale under

these conditions (Table 1, entry 8).

We then prepared the respective bis-acetate (8 and 9) and

bis-para-bromobenzyl ether (10 and 11) derivatives of the two

diols 1 and 2 (Scheme 1), and subjected these compounds to

the same reaction conditions. In every case, a single cyclised

product was formed, all in very good isolated yields (Table 1,

entries 10–13). The stereochemical outcome of these reactions

followed that of the parent diols, i.e. acetylation or p-bromo-

benzylation of 4 gave 12 (Ac2O, py, 98%) or 14

(BrCH2C6H4Br, NaH, DMF, 92%), while 5 gave 13 (Ac2O,

py, 94%) or 15 (BrCH2C6H4Br, NaH, DMF, 88%).

Scheme 1 Reagents and conditions: (i) vinylmagnesium bromide,
THF, 0 1C - RT; 1, 65%; 2, 29%; (ii) Ac2O, py, DMAP; 8, 96%;
9, 95%; (iii) BrCH2C6H4Br, NaH, DMF; 10, 94%; 11, 94%.
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We went on to investigate the reaction of galactose deriva-

tives. Addition of vinylmagnesium bromide to galactose hemi-

acetal 16 gave the open-chain diols 17 and 18 (Scheme 2). The

stereochemistry was proved by deprotection of 18 (Na in NH3 (l)

and THF, 71%) to give the known compound 19

(Fig. 1).12 Treatment of diols 17 and 18 with acetic anhydride

and pyridine gave the respective diacetates, 20 and 21.

Cyclisation of the galactose diols 17 and 18 under the

optimised reaction conditions gave THFs 22 and 23, respec-

tively, in lower yields than for glucose (Table 2, entries 1, 2).

The reactions were somewhat less clean than the cyclisation

reactions of the glucose derivatives 1 and 2, and some benzy-

lated and debenzylated products were detected on TLC. The

galactose diacetates 20 and 21 underwent smooth and high

yielding ring-closure to give THFs 24 and 25 (Table 2, entries

3, 4). That the stereochemical outcome of the cyclisation

reaction was the same for diols and diacetates was proved

by acetylation of 22 and 23 (Ac2O, py) to obtain 24 (93%) and

25 (86%), respectively.

We assessed the stereochemistry of the C-glycosides by

comparison with literature NMR data. Compounds 4, 5, 24,

25 were converted to their respective saturated tetraacetates

26–29 by catalytic hydrogenation followed by peracetylation

(Scheme 3). Each of the tetraacetates 26–29 showed good

agreement in 13C chemical shift data with one of a known

series of a- or b- gluco or galacto configured C-furanoside

tetraacetates for C-2–C-6.13 Differences at C-1 would be due

to the significantly different aglycon in the literature com-

pounds. A second comparison between 4, 5, 22 and 23 and a

series of perbenzylated vinyl C-xylo- or arabinofuranopento-

sides14 (i.e. with the a- or b- gluco or galacto configurations at

C-1–C-4) corroborated this assignment: a good correlation for

C-1b, C-1a, C-1–C-4 was seen between each of 4, 5, 22 and 23

and one of the literature compounds. Chemical shifts for C-1

and C-2 were lower for a-configured compounds 5 and 23 than

for the b-compounds 4 and 22, while the shifts for C-4 were

lower for gluco 4 and 5 than for galacto 21 and 22 com-

pounds.13,14 Finally, 2D NOESY experiments on the perace-

tylated compounds with well separated signals (i.e. 26, 28 and

29) gave results consistent with our assignment (see ESIw).
This means that for all the cyclisation reactions reported

here, we see a stereospecific reaction with retention of config-

uration at C-4 and inversion of configuration at C-1. It is

expected that the allylic group should be more susceptible to

substitution reactions, either by an SN1 mechanism with an

intermediate stabilised allylic carbocation, or by an SN2

mechanism where the transition state can be stabilised by

the CQC p orbitals. Particularly interesting, then, is that we

see stereospecific substitution reaction of alcohols with inver-

sion of configuration under Brønsted acidic conditions. For all

four cases, no other diastereomeric products can be detected.

The same stereospecific reaction is seen with other leaving

groups, i.e. acetates or para-bromobenzyl ethers. Brønsted and

Lewis acid catalysed cyclisations of activated (i.e. allylic15 or

benzylic16,17) alcohols to give THF derivatives have been

reported before, but as far as we are aware, this is the first

time a cyclisation of this kind must be described as stereo-

specific.

The reaction products are vinyl C-furanosides. These are

potentially useful compounds as the vinyl group may be

Table 1 Cyclisation of glucose-derived compounds

Entry
Starting
material R Solventa

Scavenger
(equiv.) t/h

Product
(yield %)b

1 1 H A — 3 4 (65)c

2 2 H A — 3 5 (69)c

3 1 H A EtSH (10) 4 4 (37)
4 1 H B PhMe (16) 3 4 (34)
5 1 H A PhSMe (5) 0.5 —d

6 1 H C PhMe (20) 7.5 4 (75)
7 2 H C PhMe (20) 8 5 (76)
8 1 H C PhMe (20) 8 4 (68)e

9 1 H C — 9 4 (55)
10 8 Ac C PhMe (10) 5 12 (80)
11 9 Ac C PhMe (10) 5 13 (86)
12 10 PBBf C PhMe (10) 10 14 (82)
13 11 PBBf C PhMe (10) 10 15 (81)

a Solvent A: TFA–H2O, 90 : 10; B: TFA–H2O, 85 : 15; C:

TFA–MeCN, 70 : 30. b Isolated yields. c Product inseparable from

minor amounts of benzylated impurities. d No product e Reaction

carried out using 1 g of starting material. f PBB = para-bromo-

benzyl.

Fig. 1

Scheme 2 Reagents and conditions: (i) vinylmagnesium bromide,
THF, 0 1C - RT; 17, 32%; 18, 53%; (ii) Ac2O, py, DMAP; 20,
92%; 21, 88%.
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modified so that the molecules may be used as general

C-furanoside building blocks. It has been shown that fatty

chain derivatives of galactofuranose have antimycobacterial

properties.18 In order to demonstrate the potential utility of

these C-furanosides, we carried out a cross-metathesis

reaction19 between glucose-derived THF 4 and oct-1-ene to

give the long-chain C-glucofuranoside 30 (Scheme 4).

In conclusion, we describe a straightforward procedure

whereby carbohydrate-derived allylic alcohols, ethers or acet-

ates undergo a stereospecific debenzylative cyclisation with

inversion of configuration at the allylic carbon. The reaction is

carried out at room temperature without the need for anhy-

drous conditions or an inert atmosphere. This gives vinyl C-

furanohexosides which may be derivatised at the aglycon

CQC double bond, for example by cross-metathesis.
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