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Note 

Nucleophilic displacement reactions in carbohydrates 
Part XXIL. Displacements with methyl 
2,3-O-isopropylidene-5-O-toluene-p-sulphonyl-a-L-rhamnofuranoside 

JOHN S BRIMACOMBE, JONATHAN IVQNSWL, AND LESLIE C N TUCKER 

Chemrstry Department, The Umversity, Dundee DDI 4RiY (Great Brztam) 

(Received June 12th, 1973, accepted for pubhcatxon, JuIy 2nd, 1973) 

It IS apparent that methyl 2,3-U-iso~ropyl~dene-5-O-toIuene-p-sulphonyl-~-~- 
rhamnofuranosIde (1) and related compounds do not readily undergo nucleoptihc 
displacements For example, on treatment with fluonde eon (utlhzmg tetra-n-butyl- 
ammomum fluoride),, 1 afforded2 the unsaturated denvatlves methyl 5,6-dldeoxy-2,3- 
O-lsopropyhdene-a-L-lyxo-hex-S-enofuranoslde (2) and methyl 5,6-drdeoxy-2,3-U- 
isopropylldene-/3-D-erythro-hex4enofuranoslde (3) rn yxelds totaihng 83% From 
the physlcal constants of pure samples of 2 and 3 recovered from tbs reaction, rt was 
concluded that both of these unsaturated sugars, rather than a smgIe Isomer, were 
probabIy obtamed m earher work3 4 m which the sulphonate 1 was solvolyzed with 
aqueous, methanohc potassmm hydroxide RecentIy, a benzoate displacement on 
9-(2,3-O-rsopropyhdene-5-O-toluene-p-sulphonyl-~-~-rhamnofuranosyl)ademne has 
been shown’ to yield the unsaturated sugar nucleosldes 5 (mmor) and 6 (maJor), 
w&out formation of slgruficant amounts of the reqmred benzoate By contrast, 
the reaction of sodmm benzoate m NJ&dlmethylformarmde with the sulphonate 1 
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appeared to grve6 
1 

methyl 5-O-benzoyI-6-deoxy-2,3-U-rsopropyhdene-~-o-gulo- 
furanoslde (no yteld specified), as well as minor amounts (N 10%) of an unsaturated 
sugar mdmated to be 3. 

Our interest m the deammatton of ammo sugars led us to prepare methyl 5- 
armno-5,6-dideoxy-2,3-O-lsopropyhdene-P-D-guIofuranoside (7) by way of an avde 
drsplacement on the sulphonate 1 1x1 NJV-drmethylformamide at 140” We now 
describe the results of Gus and related drspIacements 

Careful chromatography of the products of the aade drsplacement gave 2 
(21%)*, 3 (19%), and the major product, methyl 5-azldo-5,6-dideoxy-2,3-O-lsopro- 
pyhdene-/?-D-gulofuranoside (4) (60%) The unsaturated sugars 2 and 3 have been 
thoroughly characterized’’ by Hames and Chaves 0 , and the physical properties and 
n m r and mass-spectral characteristics of our unsaturated compounds were in 
excellent agreement with reported data The structure assigned to the azrde 4 was 
based on elementai analyses, n m r spectroscopy (see Experimental), and the appear- 
ance of a characteristic absorptron at 2100 cm-’ o\r,) in the infrared spectrum The 
stereochenucal requuements of thrs SN2 displacement ensure that mtroductton of the 
avdo group at C-5 1s accompanied by mversion of cotiguration at this centre 

It IS clear that, even with such a highly nucleophihc, but weakly basic, species 
as aztde ion, there IS a tendency for the sulphonate 1 to undergo ehrmnatron reactions, 
although the amounts (40%) of ehmmatlon products are substantially less than those 
(83%) obtained2 w&h the more-basic fluonde ion From these results, it would be 
expected that treatment of 1 with benzoate ion, whmh has a lower nucleophihcity and 
a higher bascity than azlde ion, would also produce substantial proportions of 
ehmmatton products Repetihon of the ongmal displacement6 on 1 wrth benzoate 
ion m N,N-dimethylformanude showed thrs to be so, smce, after debenzoylation, 
the proportions of products obtained were 2 (49 7%), 3 (35%), and methyl 6-deoxy- 
2,3-0-isopropyhdene-&o-gulofinanostde6” (8) (15 2%) In this experiment, identttica- 
tlon of the products was achieved by g ! c comparison with authentm materials 
The combmed yield of unsaturated sugars IS 84 7%, wluch IS m keeping both with 
expectation and with the results of the benzoate displacement on related nucleostde 
derivatives5 mentioned earlier. 

Reduction of the azide 4 wtth hthmm alumuuum hydride m ether gave methyl 
5-aIIlino-5,6-dideoxy-2,3-O-isopropylidene-~-D-~ofuranoside (7), which was deam- 
inated with sodium nitrite in 90% acetm acid solution_ At least seven products were 
formed, but the major product (-49%) was identified as the termmal, unsaturated 
sugar 2. Slgmficantly, the internal olefiu 3 was not formed, and we have noted’ 
previously that both methyl 5-ammo-5,6-drdeoxy-2,3-U-isopropyhdene-c+r.-talo- and 
-/3-D-allo-furanosides yield exclusively the correspondrng terminal olefin when 
deammated Deaminauve procedures thus offer useful, altemattve means of preparing 
such terminal, unsaturated sugars as 2 

The behavlour of sulphonate 1 towards nucleoptiles IS m stnkmg contrast to, 

*The propotions of products were obtamed by g.1 c , usmg a Honeywell psecmon mtegrator 



148 NOTE 

those of methyl 6-deoxy-2,3-O-~sopropyl~dene-5-O-toluene-p-sulphonyl-~-D-allo- and 
-or-L-talofuranosldes (9 and 10, respectrvely)’ ‘, which predommantly undergo 
drsplacement reactlons It seems that the drsposrtlon of the C-5 sulphonyloxy group 
m relation to the tnoxabrcyclo[3 3 Oloctane rmg-system (z e the configuratron at 
C-4) IS cntical for a successful dtsplacement reachon Presumably, the brcychc 
nng-system of 1 imposes some form of stertc constramt, erther on the approach of 
nucleophtles to the sulphonyloxy group and/or to the departure of the sulphonyloxy 
amon m S,2 or related processes* 

EXPERIMENTAL 

Thm-layer chromatography (t 1 c ) was performed on Kreselgel G, and detectton 
was effected wrth vamlhn-sulphunc actd ‘. N m r spectra were obtamed at 60 MHz 
with a Perkm-Elmer R-10 spectrometer, for deutenochloroform solutrons with 
tetramethylstlane as internal reference, mfrared spectra were recorded on a Perkm- 
EImer Infkacord spectrometer Gas-hqmd chromatography (g 1 c ) was performed 
on a Pye 104 chromatograph, usmg a column of 25% shone gum on Cellte at 

150” and an operatmg mtrogen pressure of 7 p s I Evaporations were performed zrz 
vacua at -40” Light petroleum refers to the fraction havmg b p 60-80” 

Treatment qf methyl 2,3-O-zsopropy~zdene-5-O-toluene-p-szz~phonyI-~-~-rhamno- 
fztranoszde (1) wrth sodzzcm azzde - A solutron of the sulphonate” 1 (4 1 g) m dry 

N,N-drmethylformanude (40 ml) contatmng sodmm ande (4 1 g) was heated for 5 h at 
140”, after whrch ttme t 1 c (hght petroleum-ether, 5.1) showed that no startmg 
maternal remamed Water (50 ml) was added, the aqueous solutron was thoroughly 
extracted wrth chloroform (4 x 50 ml), and the combined extracts were washed wrth 
water and dried (MgSO,). Removal of the solvent left an orl(2 8 g), which was shown 
by g 1 c to contain 2 (Zl%), 3 (19%), and 4 (60%), havmg retentton ttmes of 8 75, 
10 0, and 27 0 mm, respectively Chromatography on s&a gel (elutron with light 
petroleum-ether-chloroform, 17.1 1) gave sufficrent of each component m a pure 
form to allow a posmve rdentdicatton Methyl 5,6-dtdeoxy-2,3-&sopropyhdene-fl- 
D-erythro-hex4enofuranoside (3, 0 33 g), b p 48-5O”(bath)/l mmHg, [& -1-63 zk 1” 
(c 0 95, chIoroform), was eluted first; ht b p 70-74”(bath)/2 8 mmHg, [aID +65 3” 
(c 1 3, chloroform)2, [a],, +65 9” (chloroform) l1 The n m r and mass spectra and 
g 1 c propertres of 3 were mdrstmgurshable from those of an authentrc materra12 
Continued elutron gave methyl 5-azido-5,6-dtdeoxy-2,3-0-rsopropyhdene-j?-D-gulo- 
furanosrde (4,O 67 g), b p. 7&72”(bath)/12 mmHg, [aID - 78 & 1” (c 1 1, chloroform), 
vzz 2100 cm-’ (Ns) (F ound C, 49 3, H, 6 8, N, 16 8 CIr,H1,N304 talc - C, 49 4, 
H, 7 0; N, 17 3%) N m r data z 5 03 (s, H-l), 5 37 (m) and 6.15 (m) (H-2-H-5), 
6 62 (.Y, OMe), 8 52 (s) and 8 69 (s) (CMe,), and 8 70 (d, J5,6 6 Hz, CMe) Fmally, 
methyl 5,6-dldeoxy-2,3-0-isopropyhdene-a-L-Zyxo-hex-5-enofur~oslde (2, 0 37 g), 

*It IS concxxvable that an E2C-type of reactxon, such as we have dIscussed’ prevrously, may be 
operative m the formation of olefins with such highly nucleophdx specuzs as aude IOII 
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b p 404Z”(bath)/12 mmHg, [c&, -28 +2” (c 0 7, chloroform), Vale 3090 (olefin 
CH2 stretch), 2820 (OMe), 1650 (C=C, weak), 1430 (olefin CH2 deformation), and 
990 cm-’ (olefin CH deformation), was eluted from the column The mass and n m r. 
spectra and g 1 c properttes of 2 were m&stmgmshable from those of authentic 
matenal {lit ’ b p 76”(bath)/3 2 mmHg, [or],, -23 5” (c 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 suIphonate 1 wzth sodrum benzoate - This experiment was carried 

out essentially as described 1x1 the literature6 
Sodium benzoate (1 2 g) and 1 (0 6 g) 111 dry _i,,N-dlmethylformamlde (15 ml) 

were heated under reflux for 12 h Water (25 ml) was then added and the solution 
was extracted with ether (3 x 25 ml) The combined ether extracts were washed with 
aqueous sodium hydrogen carbonate and water, and dned (MgSO,) Removal of 
the solvent left on oll(0 39 g), which was taken up m dry methanol (15 ml) contammg 
M sodium methoxlde (0 5 ml) and heated under reflux for 1 h to sapomfy the benzoate 

Work-up m the usual manner gave an 011(0 37 g) that was shown by g 1 c to contain 
methyl benzoate, 2 (49 7%), 3 (35%), and methyl 6-deoxy-2,3-0-lsopropyhdene-fi- 
D-gulofuranoside6” (8, 15 2%), the identity of the products was established following 
co-inJection with authentic matenals A positive identification of 8 was also achieved 
by comparison (1 r and n m r spectraj with -uthentlc matena16” followmg lsolarlon 
by chromatography on slhca gel (elutlon mth hght petroleum-ether, 5 I) 

Methyl 5-m~tmo-5,6-d~deoxy-2,3-O-rsopropyI~dene-~-D-g~~Iof~~ra~~os~de (7) - 
The azide 4 (0 3 g) m dry ether (40 ml) contammg lithium alurnmmm hydnde (90 mg) 

was heated under reflux for 3 h, durmg which trme the reduction was completed 
Work-up m the usual manner gave the amme 7 (0 26 g), b p 4245”(bath)/l 5 mmHg, 
[aID -128 L-1” (c 0 8, chloroform) (Found C, 55 1; H, 8 5, N, 6 9 C10H19N05 
talc C, 55 3, H, 8 7, N, 6 4%) N m r data: z 5 09 (s, H-l), 5 37 (m) and 6 50 (m) 
(H-2-H-5), 6 67 (s, OMe), 8 12 (s, NH,), 8 55 (s) and 8 69 (s) (CMe,), and 8 82 (d, 

J5 6 6 Hz, CMe) 
Deamznatzon of the amme 7 - A solution of 7 (0 24 g) m 90% acetic acid 

(4 ml) at 0” was treated durmg 30 mm with a cold solution cf sodium mtnte (0 24 g) m 
water (0 5 ml), whereafter the solution was set aside for 3 h at 0”. Water (8 ml) and 
chloroform (20 ml) were then added, and the separated organic layer was washed 
with cold, aqueous sodmm hydrogen carbonate and water, and dned (MgSO,) 
Removal of the solvent left a syrup (0 17 g), which g 1 c showed to contam at least 
seven components, the major component was identified as 2 (49%) followmg co- 
inJection wth an authentic sample A pure sample of 2 (37 mg), b p 40-45”/12 mmHg, 

MD -24 f 1” (c 0 9, chloroform) (lit 2 b p 76”(bath)/3 2 mmHg, [aID -23 5” (c 1 4, 
chloroform)), was obtamed following chromatography on silica gel (elutlon mth 
carbon tetrachlonde-ether, 4 1) This material was Identical m all respects with that 
previously Isolated 
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