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Note

Nucleophilic displacement reactions in carbohydrates
Part XXI'. Displacements with methy!
2.3-0O-isopropylidene-5-0-toluene-p-sulphonyl-z-L-rhamnofuranoside

JOHN S BRIMACOMBE, JONATHAN MINSHALL, AND LESLIE C N TUCKER
Cheristry Department, The Umersity, Dundee DDI 4HN (Great Britain)
(Received June 12th, 1973, accepted for publication, July 2nd, 1973)

It 1s apparent that methyl 2,3-0O-isopropylhdene-5-O-toluene-p-sulphonyl-¢-L-
rhamnofuranoside (1) and related compounds do not readily undergo nucleophilic
displacements For example, on treatment with fluoride 10n (utihzing tetra-n-butyl-
ammonium fluoride), 1 afforded? the unsaturated derivatives methyl 5,6-dideoxy-2,3-
O-1sopropyhdene-a-L-Iyxo-hex-5-enofuranoside (2) and methyl 5,6-dideoxy-2,3-O-
1sopropylidene-f-p-erythro-hex-4-enofuranoside (3) mn yields totalling 83% From
the physical constants of pure samples of 2 and 3 recovered from this reaction, it was
concluded that both of these unsaturated sugars, rather than a single 1somer, were
probably obtamed in earlier work® # 1n which the sulphonate 1 was solvolyzed with
aqueous, methanolic potassium hydroxide Recently, a benzoate displacement on
9-(2,3-O-1sopropylidene-5- O-toluene-p-sulphonyl-a-L-rhamnofuranosyl)adenine  has
been shown® to yield the unsaturated sugar nucleosides 5 (minor) and 6 (major),
without formation of significant amounts of the required benzoate By contrast,
the reaction of sodium benzoate in N,N-dimethylformamide with the sulphonate 1

o OMe o Ome H o OMe fo) OMa
NaN3 + /C +
TsOCH DMF Hﬁ Me HCR
o Q © Q O
N 7 N AN ™M N/
Me CMe, HpC CMe, Cﬁez € CMe,
) 2 3 AR= N,
7 R = NHy
8 R= OQH
Me
1)z
o Ad H o. Ad R'CR® o ome
C
V4
Hﬁ Me
o O QO o
HC N/ N LA
CMe, CMe,, CMe,
S 6 9 R'= OTs,R%?=H

10 R'= H, R*= OTs



NOTE 147

)
appeared to give® methyl 5-O-benzoyl-6-deoxy-2,3- O-xsopropyhdene‘-ﬁqa-gulo-
furanoside (no yield specified), as well as minor amounts (~ 10%) of an unsaturated
sugar indicated to be 3.

Our interest 1n the deamination of amino sugars led us to prepare methyl 5-
amino-5,6-dideoxy-2,3- O-1sopropyhidene-f-p-gulofuranoside (7) by way of an azide
displacement on the sulphonate 1 in N,N-dimethylformamide at 140° We now
describe the results of this and related displacements

Careful chromatography of the products of the azide displacement gave 2
(21%)%, 3 (19%), and the major product, methyl 5-azido-5,6-dideoxy-2,3-O-1s0pro-
pyhdene-fi-D-gulofuranoside (4) (60%) The unsaturated sugars 2 and 3 have been
thoroughly characterized? by Haines and Chaves O , and the physical properties and
nmr and mass-spectral characteristics of our unsaturated compounds were 1n
excellent agreement with reported data The structure assigned to the azide 4 was
based on elemental analyses, n m r spectroscopy (see Experimental), and the appear-
ance of a characteristic absorption at 2100 cm ™! (N,) in the infrared spectrum The
stereochemical requirements of this Sy2 displacement ensure that introduction of the
azido group at C-5 1s accompanied by mmversion of configuration at this centre

It 1s clear that, even with such a highly nucleophilic, but weakly basic, species
as azide 10n, there 1s a tendency for the sulphonate 1 to undergo elimination reactions,
although the amounts (40%) of elimination products are substantially less than those
(83%) obtained?® with the more-basic fluoride 1on From these results, 1t would be
expected that treatment of 1 with benzoate 1on, which has a lower nucleophilicity and
a higher basicity than azide 1on, would also produce substantial proportions of
elimmation products Repetition of the origmal displacement® on 1 with benzoate
1on 1n N,N-dimethylformamide showed this to be so, since, after debenzoylation,
the proportions of products obtained were 2 (49 7%), 3 (35%), and methyl 6-deoxy-
2,3-0O-1sopropyhidene-B-pD-gulofuranoside®® (8) (15 2%) In this experiment, identifica-
tion of the products was achieved by g!c comparison with authentic materials
The combined yield of unsaturated sugars 1s 84 7%, which 1s 1n keeping both with
expectation and with the results of the benzoate displacement on related nucleoside
derivatives® mentioned earlier.

Reduction of the azide 4 with hthium aluminium hydride 1n ether gave methyl
5-amino-5,6-dideoxy-2,3-O-1sopropyhdene-S-p-gulofuranoside (7), which was deam-
inated with sodium nitrite in 90% acetic acid solution. At least seven products were
formed, but the major product (~49%) was identified as the termunal, unsaturated
sugar 2. Significantly, the internal olefin 3 was not formed, and we have noted’
previously that both methyl 5-amino-5,6-dideoxy-2,3-O-1sopropyhdene-«-L-talo- and
-B-p-allo-furanosides yield exclusively the corresponding terminal olefin when
deaminated Deaminative procedures thus offer useful, alternative means of preparing
such termunal, unsaturated sugars as 2

The behaviour of sulphonate 1 towards nucleophiles 1s in striking contrast to,

*The proportions of products were obtained by g.l ¢, using a Honeywell precision mtegrator
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those of methyl 6-deoxy-2,3-0O-1sopropylidene-5-O-toluene-p-sulphonyl-§-p-allo- and
-a-L-talofuranosides (9 and 10, respectively)” 8, which predominantly undergo
displacement reactions It seems that the disposition of the C-5 sulphonyloxy group
n relation to the trioxabicyclo[3 3 OJoctane ring-system (ze the configuration at
C-4) 1s cntical for a successful displacement reaction Presumably, the bicyclic
ring-system of 1 imposes some form of steric constraint, either on the approach of
nucleophiles to the sulphonyloxy group and/or to the departure of the sulphonyloxy
anion 1n Sy2 or related processes*®

EXPERIMENTAL

Thin-layer chromatography (t 1 ¢ ) was performed on Kieselgel G, and detection
was effected with vanillin-sulphuric acid®. N m r spectra were obtained at 60 MHz
with a Perkin—Elmer R-10 spectrometer, for deuteriochloroform solutions with
tetramethylsilane as internal reference, infrared spectra were recorded on a Perkin—
Elmer Infracord spectrometer Gas-liquid chromatography (glc¢) was performed
on a Pye 104 chromatograph, using a column of 25% silicone gum on Celite at
150° and an operating nitrogen pressure of 7 p s1 Evaporations were performed i
vacuo at ~40° Light petroleum refers to the fraction having bp 60-80°

Treatment of methyl 2,3-O-1sopropylidene-5-O-toluene-p-sulphonyl-a-L-rhamno-
Juranoside (1) with sodim azide — A solution of the sulphonate®® 1 (41 g) 1n dry
N, N-dimethylformamide (40 ml) containing sodium azide (4 1 g) was heated for 5 h at
140°, after which time tlc (lght petroleum-ether, 5.1) showed that no starting
material remained Water (50 ml) was added, the aqueous solution was thoroughly
extracted with chloroform (4 x 50 ml), and the combined extracts were washed with
water and dried (MgSO,,). Removal of the solvent left an o1l (2 8 g}, which was shown
by glc to contain 2 (21%), 3 (19%), and 4 (60%), having retention tumes of 8 75,
100, and 27 0 min, respectively Chromatography on silica gel (elution with light
petrolenm-—ether—chloroform, 17.1 1) gave sufficient of each component in a pure
form to allow a positive 1dentification Methyl 5,6-dideoxy-2,3-0O-1sopropylidene-f-
D-erythro-hex-4-enofuranoside (3, 033 g), b p 48-50°(bath)/1 mmHg, [oJ, +63 +1°
(c 095, chloroform), was eluted first; it bp 70-74°(bath)/2 8 mmHg, [«], +65 3°
(c 1 3, chloroform)?, [a]p, +65 9° (chloroform)!! The nm r and mass spectra and
glc properties of 3 were indistingmishable from those of an authentic material®
Continued elution gave methyl 5-azido-5,6-dideoxy-2,3-O-1sopropylidene-B-D-gulo-
furanoside (4, 0 67 g), b p. 70-72°(bath)/12 mmHg, [«], —78 +1°(c 1 1, chloroform),
vim 2100 cm ™! (N3) (Found C,493,H, 68, N, 168 C,oH,,N;0, calc* C, 494,
H,70; N, 173%) Nmr data t 503 (s, H-1), 537 (i) and 6.15 (m) (H-2-H-5),
6 62 (s, OMe), 8 52 (s) and 8 69 (s) (CMe,), and 8 70 (d, Js,, 6 Hz, CMe) Finally,
methyl 5,6-dideoxy-2,3-O-isopropylidene-a-L-Iyxo-hex-5-enofuranoside (2, 037 g),

*It 1s conceivable that an E2C-type of reaction, such as we have discussed! previously, may be
operative 1n the formation of olefins with such highly nucleophilic species as azide 1on
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bp 40-42°(bath)/12 mmHg, [«], —28 +2° (¢ 07, chloroform), v&I™ 3090 (olefin
CH,, stretch), 2820 (OMe), 1650 (C=C, weak), 1430 (olefin CH, deformation), and
990 cm ! (olefin CH deformation), was eluted from the column The massandnmr.
spectra and glc properties of 2 were indistinguishable from those of authentic
maternial {lit 2 b p 76°(bath)/3 2 mmHg, [o], —23 5° (¢ 1 4, chloroform)} Unresolved
mixtures of the components 3 and 4 (0 16 g) and 4 and 2 (0 47 g) were also recovered
from the column

Treatment of sulphonate 1 with sodium benzoate — This experiment was carried
out essentially as described 1n the hterature®

Sodium benzoate (1 2 g) and 1 (0 6 g) 1in dry N,N-dimethylformamide (15 ml)
were heated under reflux for 12 h Water (25 ml) was then added and the solution
was extracted with ether (3 x25 ml) The combined ether extracts were washed with
aqueous sodium hydrogen carbonate and water, and dried (MgSO,) Removal of
the solvent left on o1l (0 39 g), which was taken up 1n dry methanol (15 ml) containing
M sodium methoxide (0 5 ml) and heated under reflux for 1 h to sapomfy the benzoate
‘Work-up 1n the usual manner gave an o1l (0 37 g) that was shown by gl ¢ to contamn
methyl benzoate, 2 (49 7%), 3 (35%), and methyl 6-deoxy-2,3-0-1sopropylidene-f-
p-gulofuranoside® (8, 15 2%), the 1dentity of the products was established following
co-1njection with authentic materials A positive identification of 8 was also achieved
by comparison it and nmr spectra) with «uthentic material®® following 1solation
by chromatography on silica gel (elution with hight petroleum—ether, 5 I)

Methyl 5-amino-5,6-dideoxy-2,3-O-1sopropylidene-f-D-gulofuranoside (7) —
The azide 4 (0 3 g) 1n dry ether (40 ml) containing hthium aluminium hydrnde (90 mg)
was heated under reflux for 3 h, during which time the reduction was completed
Work-up 1n the usual manner gave the amine 7 (0 26 g), b p 42-45°(bath)/1 5 mmHg,
[edlp —128 4-1° (¢ 08, chloroform) (Found C, 551; H, 85, N, 69 C;oH;oNO,
calec C,553,H,87, N, 64%) Nmr data: 7 509 (s, H-1), 537 () and 6 50 (1)
(H-2-H-5), 6 67 (s, OMe), 8 12 (s, NH,), 8 55 (s) and 8 69 (5) (CMe,), and 8 82 (4,
Js ¢ 6 Hz, CMe)

Deanunation of the amine 7 — A solution of 7 (024 g) in 90% acetic acid
(4 ml) at 0° was treated during 30 min with a cold solution cf sodium nitrite (0 24 g) in
water (0 5 ml), whereafter the solution was set aside for 3 h at 0°. Water (8 ml) and
chioroform (20 ml) were then added, and the separated organic layer was washed
with cold, aqueous sodium hydrogen carbonate and water, and dried (MgSO,)
Removal of the solvent left a syrup (0 17 g), which gl c showed to contain at least
seven components, the major component was identified as 2 (49%) following co-
injection with an authentic sample A pure sample of 2 (37 mg), b p 40-45°/12 mmHg,
[oddp —24 +1° (¢ 09, chloroform) {lit 2 b p 76°(bath)/3 2 mmHeg, [«], —235°(c 14,
chloroform)}, was obtained following chromatography on sihica gel (elution with
carbon tetrachlonide—ether, 4 1) This material was 1dentical 1n all respects with that
previously 1solated
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