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The Allyl Ether as a Protecting Group in Carbohydrate Chemistry. Part
11.* The 3-Methylbut-2-enyl (* Prenyl ') Group

By Roy Gigg, Laboratory of Lipid and General Chemistry, National Institute for Medical Research, Mill Hill,
London NW7 1AA

The * prenyl’ group in allyl 3,4,6-tri-O-benzyl-2-0-(3-methylbut-2-enyl)-«-D-galactopyranoside was stable to
the action of chlorotris(triphenylphosphine)rhodium(1) during 24 h, whilst the allyl group was isomerised within
1 h. Previous work has shown that the but-2-enyl group is completely isomerised within 24 h by the rhodium
catalyst. Thus an allyl group can be removed without affecting a ’ prenyl’ group in the same molecule. The
‘ prenyl ’ group is cleaved at about the same rate as a but-2-enyl group by potassium t-butoxide in dimethyl sul-

phoxide. The isomerisation of the allyl group by the rhodium catalyst gives a mixture of ¢is- and trans-prop-1-enyl

ethers.

WE have reviewed ? the use of the allyl, prop-l-enyl,
but-2-enyl, 2-methylallyl, and 1-methylallyl ethers for
the protection of hydroxy-groups in carbohydrate
chemistry. The but-2-enyl ether is cleaved by the
action of potassium t-butoxide in dimethyl sulphoxide,
whereas the other allyl ethers are isomerised to the
corresponding enol-ethers and this difference in be-
haviour has been exploited in synthetic work.l® The
but-2-enyl ethers exist as a mixture of frans- and cis-
isomers in a ratio of ca. 95 : 5 and although this is not a
problem when the but-2-enyl group is used as a ‘ tem-
porary ’ protecting group, a symmetrical group giving a
single isomer might be preferable for the isolation of
crystalline intermediates.

We have therefore investigated the use of the 3-methyl-
but-2-enyl (‘ prenyl ’) ethers, which are readily prepared
from 1-bromo-3-methylbut-2-ene (Lancaster Synthesis
Ltd.) and sodium hydride in NN-dimethylformamide.
We find that the ‘ prenyl ’ group is cleaved at about the
same rate as the but-2-enyl group by potassium t-
butoxide in dimethyl sulphoxide. Thus the ‘ prenyl’
group has no advantage over the but-2-enyl group if it is
required to preserve an allyl group when removing a
but-2-enyl group in the same molecule, as described
previously 4 for a synthesis of allyl 3,4,6-tri-O-benzyl-
«-D-glucopyranoside.

Golborn and Scheinmann ® have shown that whereas
allyl and frans-but-2-enyl ethers were isomerised to the
enol-ethers by dichlorobis(benzonitrile)palladium(11), 2-
methylallyl, cs-but-2-enyl, and ‘ prenyl * ethers were not
isomerised. Recently, Baudry ¢f al.8 also showed that a
cationic iridium complex readily isomerised allyl and
trans-but-2-enyl ethers to the corresponding ¢rans-enol-
ethers, whereas l-methylallyl, cis-but-2-enyl, and
‘ prenyl ’ ethers were not affected by the catalyst. We
have shown previously 7 that the but-2-enyl group was
isomerized more slowly than the allyl group by chloro-
tris(triphenylphosphine)rhodium(r), and we have now
investigated the effect of the rhodium catalyst on the
‘ prenyl ’ group in some carbohydrate derivatives.

RESULTS AND DISCUSSION

Allyl 6-O-benzyl-3,4-O-isopropylidene-«-bD-galactopyr-
anoside (1) ® was converted into the 2-O-(3-methylbut-

2-enyl) ether (2) which on acidic hydrolysis gave the
diol (3). Benzylation of compound (3) gave allyl 3,4,6-
tri-O-benzyl-2-0-(3-methylbut-2-enyl)-«-D-galactopyr-
anoside (4). When compound (4) was treated with
chlorotris(triphenylphosphine)rhodium(1) under the con-
ditions described previously,? t.1.c. showed conversion of
the starting material into a new product during 1 h and
no further change during 24 h. Acidic hydrolysis of the
product (to remove the prop-l-enyl group) gave a
product with a similar mobility to 2-0-allyl-3,4,6-tri-O-
benzyl-p-galactopyranoside on t.l.c., which on reduction
with sodium borohydride and subsequent treatment
with potassium t-butoxide in dimethyl sulphoxide (to
remove the ‘ prenyl’ group) gave crystalline 3,4,6-tri-
O-benzyl-p-galactitol, identical with the material pre-
pared previously.?

The ‘ prenyl ’ group is therefore stable to the action
of the rhodium catalyst during 24 h, thus allowing the
removal of an allyl group in the same molecule. Under
the same conditions the but-2-enyl group is isomerised in
24 h by the rhodium catalyst.?

The isomerisation of an allyl ether by potassium
t-butoxide in dimethyl sulphoxide gives ® ca. 999, of the
cis-prop-l-enyl ether but isomerisations with various
complex metal derivatives give %8 mixtures of cis- and
trans-prop-1-enyl ethers or pure frans-prop-1-enyl ethers.

Although the rhodium catalyst has been used exten-
sively 710 for the isomerisation of allyl groups in the
carbohydrate field, there is no recorded information on
the composition of the prop-l-enyl ethers obtained.
This is not generally important since the prop-l-enyl
group is usually hydrolysed directly, but it could be an
important consideration if crystalline intermediates were
required.

The galactose derivative (4) was treated with the
rhodium complex, and when t.l.c. showed that the
isomerisation was complete the product was treated with
potassium t-butoxide in dimethyl sulphoxide to remove
the ‘ prenyl’ group. It has been shown previously %
that potassium t-butoxide does not cause the isomeris-
ation of a trams-prop-l-enyl ether to a c¢s-prop-l-enyl
ether. A crystalline product was isolated from the total
product and this was shown by H n.m.r. spectroscopy
to be the trans-prop-l-enyl ether (8). When compound
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(4) was treated directly with potassium t-butoxide in
dimethyl sulphoxide the  prenyl ’ group was cleaved and
the allyl group was isomerised to give the cis-prop-1-enyl
ether (7) which was obtained as a syrup. The 'H n.m.r.
spectra of cts- and #rans-prop-l-enyl ethers have been
studied previously ¢ and these show characteristic
coupling constants for the vinyl proton adjacent to the
oxygen atom of cis- and érans-prop-1-enyl ethers.

The cis- and trans-prop-1-enyl ethers (5) and (6) were
not resolved by t.l.c. but when the derivative (2) was
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sodium hydride was destroyed by the addition of methanol
and the product (7.9 g) was isolated in the usual way and
chromatographed on basic alumina to remove traces of
impurities. After elution of by-products with ether-light
petroleum (1:2) the pure product (2) (6.7 g) was eluted
with ether-light petroleum (1:1). Compound (2) (6.3 g)
was taken up in methanol (90 ml) and 1N hydrochloric acid
(10 ml) and the.solution was heated under reflux for 20
min, after which time t.l.c. (as above) showed complete
conversion of compound (2) into the diol (3) (Ry 0). An
excess of sodium hydrogencarbonate was added and the

CH,OCH,Ph CH,0CH,Ph
0/—0 RO }—0
/ 0 —— OR
OCH,CH=CH, OCH,CH=CH,
Me,C
OR OCH,CH=CMe,
(1)R=H (3)R=H
(2) R = CH,CH=CMe, (4) R = CH,Ph
CH,0CH,Ph CH,0CH,Ph
0 )—o0 PhCH,0 }—0
/ 0 CHPh
Me ,C OR' OR'
OR? OR?

(8) R'= ¢is — CH=CHMe : R? = H
(10) R' = ¢is — CH=CHMe ; R? = CH,CH=CMe,
(11) R' = trans = CH=CHMe ; R? = CH,CH=CMe,

treated with the rhodium catalyst, conversion into two
less polar products (10) and (11) (ca. 3:2 by t.l.c.) was
observed in 1 h. The cis-prop-1-enyl ether (10) was also
prepared by a different route for comparison; the action
of potassium t-butoxide on compound (1) gave the cis-
prop-l-enyl glycoside (9) and this was alkylated with
1-bromo-3-methylbut-2-ene to give the cis-prop-l-enyl
glycoside (10) which co-chromatographed with the faster
of the two products obtained by the action of the
rhodium catalyst on compound (2).

EXPERIMENTAL

Solvents were evaporated off under reduced pressure.
The light petroleum used had b.p. 40—60 °C. T..c. was
carried out on microscope slides coated with silica gel G.
Optical rotations were measured at 22—24 °C with a Bendix
automatic polarimeter.

Allyl 3,4,6-Tvi-O-benzyl-2-O-(3-methylbut-2-enyl)-o-D-
galactopyranoside (4).—Allyl 6-O-benzyl-3,4-O-isopropyl-
idene-a-D-galactopyranoside (1) ® (6.4 g), sodium hydride
(3 g), and 1l-bromo-3-methylbut-2-ene (6 g) (Lancaster
Synthesis Ltd.) were stirred in dry NN-dimethylformamide
at 20 °C for 2 h, after which time t.1.c. [ether-light petroleum
(1:2)] showed complete conversion of the alcohol (1)
(Ry 0.2) into the ' prenyl ’ ether (2) (Ry 0.7). The excess of

(5) R = ¢is —~ CH=CHMe ; R = CH,CH=CMe,
(6) R'= trans — CH=CHMe : R? = CH,CH=CMe,
(7) R' = ¢is — CH=CHMe ; R? = H

(8) R' = trans — CH=CHMe ;R? = H

solvents were evaporated off. The product (5.5 g) was
extracted from the residue with chloroform and benzylated
with benzyl bromide and sodium hydride in NN-dimethyl-
formamide and the crude product (4) (Ryp 0.85, tl.c. as
above) was isolated in the usual way and chromatographed
on basic alumina. After elution of by-products with ether—
light petroleum (1 :4), elution with ether-light petroleum
(1:1) gave the benzyl ether (4) (7 g), o), +42.5° (¢ 1.0 in
CHCl,) (Found: C, 75.5; H, 7.6. C;H,O4 requires C,
75.2; H, 7.6%).

Action of Chlovotris(triphenylphosphine)rhodium (1) on Com-
pound (4).—A mixture of compound (4) (350 mg), diaza-
bicyclo[2.2.2]octane (35 mg) and- chlorotris(triphenyl-
phosphine)rhodium(1) (35 mg) in ethanol (7 ml), benzene
(3 ml), and water (1 ml) was heated under reflux. After
1 h tlc. [ether-light petroleum (1:2)] showed complete
conversion of compound (4) (Rp 0.85) into a new product
(Ry0.9). After 24 h the t.l.c. pattern was similar with only
traces of other products visible. The solvents were evapor-
ated off and toluene was evaporated from the residue to
remove traces of polar solvents. The crude product was
chromatographed on basic alumina and elution with ether—
light petroleum (1: 1) gave the product (300 mg) free from
the base and rhodium derivatives. The product was taken
up in IN-hydrochloric acid—acetone (1:9) (10 ml) and the
solution was heated under reflux for 15 min after which time
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t.l.c. [ether-light petroleum (2 :1)] showed complete con-
version of the starting material (Ry 1) into a new product
(Ry 0.5) and only traces of other products. The product
(250 mg), which co-chromatographed with 2-O-allyl-3,4,6-
tri-O-benzyl-D-galactopyranose prepared previously,1! was
reduced with sodium borohydride in ethanol to give 3,4,6-
tri-O-benzyl-2-0-(3-methylbut-2-enyl)-p-galactitol (Ryp 0.4,
t.l.c. as above). The galactitol derivative was treated with
potassium t-butoxide in dimethyl sulphoxide, in the usual
way, to remove the ‘prenyl’ group and the product was
crystallised from ether-light petroleum to give 3,4,6-tri-O-
benzyl-p-galactitol (50 mg), m.p. and mixed m.p. (with
material prepared previously 8) 98—99 °C.

trans-Prop-1-enyl 3,4,6-Tvi-O-benzyl-a-D-galactopyranoside
(8).—Allyl 3,4,6-tri-O-benzyl-2-O-(3-methylbut-2-enyl)-a-D-
galactopyranoside (4) (1.5 g), diazabicyclo[2.2.2]octane (100
mg), and chlorotris(triphenylphosphine)rhodium(i) (100 mg)
in ethanol (21 ml), benzene (9 ml), and water (3 ml) were
heated under reflux for 1 h, after which time t.l.c. showed
complete conversion of compound (4) into the prop-1-enyl
glycoside (see above). The crude product was chromato-
graphed on basic alumina as described above, to remove the
base and rhodium derivatives, to give the purified product
(1.4 g). This product (1.3 g) was treated with potassium
t-butoxide (2 g) in dry dimethyl sulphoxide (25 ml) at
50 °C for 2 h after which time t.l.c. [ether-light petroleum
(1:2)] showed complete conversion of the ‘ prenyl’
derivative (Rp 0.9) into the alcohol (Ry 0.25). The product
was isolated in the usual way and crystallised from ether—
light petroleum to give the trans-prop-l-enyl glycoside (8)
(100 mg), m.p. 95—98 °C; [af, +86.6° (¢ 1.0 in CHCl,);
T 3.86 (J 12.3 Hz) for the vinyl proton of the prop-l-enyl
group adjacent to the oxygen atom (Found: C, 73.9; H,
7.0. C,;H;,04 requires C, 73.4; H, 7.09%). The mother-
liquors contained both cis- (7) and frans- (8) isomers of the
prop-1-enyl glycoside.

cis-Prop-l-enyl  3,4,6-Tri-O-benzyl-a-D-galactopyranoside
(7).—Allyl-3,4,6-tri-O-benzyl-2-O-(3-methylbut-2-enyl)-a-D-
galactopyranoside (4) (950 mg) and potassium t-butoxide
(2 g) in dry dimethyl sulphoxide (25 ml) were kept at 50 °C.
T.l.c. [ether-light petroleum (1:1)] showed rapid con-
version of the ‘ prenyl ’ ether (4) (Ry 0.95) into the corres-
ponding alcohol (Ry 0.5) and after 2 h this was converted
entirely into the cis-prop-1-enyl glycoside (7) (R 0.6). The
product was isolated in the usual way and chromato-
graphed on basic alumina. Elution with ether removed
traces of impurities and elution with ether-methanol
(49:1) gave the product (7) (650 mg) as a syrup; [«f,
+57.3° (¢ 1.0 in CHCl,); = 3.95 (J 6.2 Hz) for the vinyl
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proton of the prop-l-enyl group adjacent to the oxygen
atom (Found: C, 73.6; H, 6.9. C;H,,0, requires C, 73.4;
H, 7.0%).

Action of Chlovotyis(triphenylphosphine)rhodium (1) on Allyl
6-O-Benzyl-3,4-O-isopropylidene-2-O-(3-methylbut-2-enyl)-o-
D-galactopyranoside (2).—The allyl glycoside (2) (180 mg),
diazabicyclo[2.2.2]Joctane (10 mg) and the rhodium catalyst
(10 mg) in ethanol (7 ml), benzene (3 ml), and water (1 ml)
were heated under reflux for 1 h. T.lLc. [ether-light
petroleum (1:2)] then showed complete conversion of
compound (2) into two new products (Ry 0.75 and 0.8), in a
ratio of ca. 3:2, respectively, presumed to be the cis-
isomer (10) and the trans-isomer (11) respectively. The cis-
isomer (10) was also prepared as follows. Allyl 6-O-benzyl-
2,3-O-isopropylidene-a-D-galactopyranoside (1) ® was treated
with potassium t-butoxide in dimethyl sulphoxide at 50 °C
for 1 h after which time t.l.c. [ether-light petroleum (3 : 2)]
showed complete conversion of the allyl glycoside (1) (Rp
0.5) into the cis-prop-1l-enyl glycoside (9) (Ry 0.6). The
product was isolated in the usual way and alkylated with
1-bromo-3-methylbut-2-ene and sodium hydride in NN-di-
methylformamide at 20 °C. After 2 h, t.l.c. [ether-light
petroleum (1:2)] showed complete conversion of the
alcohol (9) (Ry 0.3) into the ‘ prenyl’ ether (10) (Ry 0.8)
which co-chromatographed with the less polar of the two
isomers (10) and (11), prepared as described above using the
rhodium catalyst.

We thank Dr. J. Feeney and Mrs. J. Cayley for the n.m.r.
spectra and Mr. R. Conant for technical assistance.
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