This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Reactions of Per-O-Acetylated Carbohydrate Triflates With Halide Ions
Roger W. Binkley®, Michael G. Ambrose®, David G. Hehemann®
* Department of Chemistry, Cleveland State University, Cleveland, Ohio

To cite this Article Binkley, Roger W., Ambrose, Michael G. and Hehemann, David G.(1987) 'Reactions of Per-O-
Acetylated Carbohydrate Triflates With Halide Ions', Journal of Carbohydrate Chemistry, 6: 2, 203 — 219

To link to this Article: DOI: 10.1080/07328308708058871
URL: http://dx.doi.org/10.1080/07328308708058871

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308708058871
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11:56 23 January 2011

Downl oaded At:

J. CARBOHYDRATE CHEMISTRY, 6(2), 203-219 (1987)

REACTIONS OF PER-~O-ACETYLATED CARBOHYDRATE
TRIFLATES WITH HALIDE IONS!

Roger W. Binkleys, Michael 3. Ambrose,
and David G. Hehemann

Department of Chemistry
Cleveland State University
Cleveland, Ohio 44115

Received September 3, 1986 - Final Form January 13, 1987
ABSTRACT

The reactions of bromide, chloride, and iodide ions
with 1, 3,4,6-tetra-O-acetyl-2-O-(trifluoromethylsul fonyl)-
a-D-glucopyranose (2) and with 1, 3,4, 6-tetra-0O-acetyl-2-
O-Ttrifluoromethylsulfonyl)-B-D-mannopyranose (3) gave good
to excellent yvields of the corresponding deoxyhalogeno
sugars. In contrast, when the gluco triflate 2 and tetra-
butylammonium fluoride were heated under reflux in benzene,
only 5-(acetoxymethyl)-2-formylfuran (i13) was formed. Reac-
tion of the manno triflate 3 under similar conditions pro-
duced 1, 3,4, 6-tetra~-O-acetyl-2-deoxy-2-fluoro-g8-D-gluco-
pyranose (17), 1t,3,4,6-tetra-0O-acetyl-2-deoxy-B-D-erythro-
hex-2-eno-pyranose (i18), 4,6-di-O-acetyl-{,5-anhydro-2-
deoxy-D-erythro-hex-t-enitol-3-ulose (i9), and 1,2, 3,4, 6-
penta-§-acety1—B-Q-glucopyranose (20). The mechanisms of
the reactions of the triflates 2 and 3 with fluoride ion
are discussed.

INTRODUCTION

Over the past several years we have been involved in
a systematic study of the displacement reactions of the
trifluoromethylsul fonyloxy (triflyloxy) group in carbohy-
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drate systems.i‘s A recent paper on this topic described
the reaction of 1,2, 3,4-tetra-Q-acetyl-6-0-(trifluoro-
methylsulfonyl)-B-D-glucopyranose (1) with halide ions

(Equation 1).3 The present study extends this investiga-

TIOCH, XCH,
QoAc BuN X Q0Ac

OAc ] OAc
AcO AcO

OAc OAc

m

tion to include two per-O-acetylated triflates from which
displacement should be considerably more difficult. The
two compounds selected were ¢, 3,4,6-tetra-O-acetyl-2-0-
(trifluoromethylsulfonyl)—a—g-glucopyranose (2) and

1,3,4,6-tetra-0O-acetyl-2-0-(trifluoromethylsulfonyl)-8-D-

mannopyranose (3). Compounds 2 and 3 were selected not
AcOCH, AcOCH,
Q Q0Ac
QAc
AcO OAc AcO OAc RO
OR
2 R=Tf 3 R=Tf
4 R=H 5 R=H

only to provide basic information about triflate reactiv-
ity but also as possible intermediates in the synthesis of

unprotected 2-deoxy-2-halogeno sugars.

RESULTS AND DISCUSSION

The triflates 2 and 3 were prepared by treating the

corresponding partially protected sugars (4 and 5, respec-
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tively) with triflic anhydride in dichloromethane at O oc.
Di;placement reactions involving compounds 2 and 3 were
conducted by dissolving the triflate selected for study (2
or 3) in benzene, adding the appropriate tetrabutylammo-
nium halide, and heating the reaction mixture under reflux
for two hours. Product isolation was accomplished by
chromatography on silica gel.

Reaction of 2 or 3 with tetrabutylammonium bromide or

chloride (Equations 2 and 3) gave excellent yields of the

corresponding substitution products (Table 1).

AcOCH,
Bu‘ﬂ‘ x~ 0 @
2 OAc X
AcO OAc
8 X=5Br
7 X=Cl
AcOCH,
3 BuN' X" Qoac
—_—
)
AcO OAc
X
8 X= Br
9 X=CI
12 X= |

Surprisingly, however, treatment of compound 2 with
tetrabutylammonium iodide gave a mixture of {, 3,4,6-tetra-
O-acetyl-2-deoxy-2-iodo~a-D-mannopyranose (i10) and 3, 4, 6-

tri-QO-acetyl-1, 5-anhydro-2-deoxy-D-arabino-hex-i-enitol
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TABLE 1
Product Yields From Reactions of Triflates

2 and 3 with Tetrabutylammonium Halides

Triflate Halide Product Z Yield

2 Br 6 87
2 cl 7 90
2 I 102 51
2 F 13b _—
3 Br 8 89
3 cl 9 86
3 I i2 92
3 F 17¢ 23
a. Compound 1i also was formed.

b. No deoxyfluoro sugar was produced. Oonly 5-
(acetoxymethyl) -2-formylfuran (13) was formed.

c. Compounds 18-20 also were produced

(11) (Equation #). TLC analyses of the reaction mixture
during reaction suggested that the iodide 10 was an inter-
mediate in the formation of ii. This suggestion was sup-

ported by the observation that 11 continued to be formed

AcOCH, AcOCH,

» BuN"1~ Q Q
—_— . @
OAc | OAc
AcO : OAc AcO /

10 1
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AcOCH, |
AcO
AcO —_— 1"
N
R
10

R==0AcorGgAc

Scheme 1

slowly even after the triflate (2) had been consumed.
Addition of a catalytic amount of acid to the reaction
mixture after the triflate had reacted, caused an increase
in the rate of formation of 1i. These results suggest the
reaction mechanism shown in Scheme i for the formation of
3,4,6-tr1—9-acety1-g—gluca1 (11). They further indicate
that, as expected, protonation of the anomeric acetyl
group (Scheme 1) facilitates reaction.

Treatment of the triflate 3 with tetrabutylammonium
iodide gave only i, 3,4, 6-tetra-0O-acetyl-2-deoxy-2-iodo-8-
g-glucopyranose (12) (Equation 3). The deoxyiodo sugar 12
would not be expected to undergo an elimination reaction
similar to that observed for 10 since the trans periplaner
arrangement of the departing groups found in compound i0
and required in an E2-1ike elimination reaction would be
difficult for compound 12 to achieve (Scheme 2).

The use of triflate displacement reactions for the

synthesis of deoxyfluoro sugars has received a great deal
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AcOCH,
AcO O,
T Al \_oaa X
12
Scheme 2

of attention recently due to the biochemical and medicinal
applications7 possible for these compounds; thus, it was
of particular interest to determine whether triflate dis-
placement from compounds 2 and 3 could be used to prepare
deoxyfluoro sugars.8 Displacement reactions involving
fluoride ion often occur with difficulty due to the re-
duced nucleophilicity of this heavily solvated ion. 9
Reactions in the presence of fluoride ion also are fre-
quently accompanied by elimination processes due to the
relatively high basicity of this ion. 10,11

Treatment of the triflate 2 with tetrabutylammonium
fluoride afforded no deoxyfluoro sugar; rather, only 5-
(acetoxymethyl) -2-formylfuran (i{3) was formed. Although
no mechanistic study was conducted on this reaction, a
possible mechanism is shown in Scheme 3. Formation of 13
is thought to begin by attack of fluoride ion on the
carbonyl carbon of the anomeric acetoxy group. This type
of reaction may occur between fluoride ion and other car-
bonyl carbons in the molecule; however, for non-anomeric

groups reaction is reversible and leads to no observable
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AcOCH, AcOCH,

A 0. o ———> AO ]
ACON~TN —F AON—T N |

CCHy o—cl:—cu,
2 o " o3

]
-CH,CF

change. Only attack on the anomeric acetoxy group gener-
ates an intermediate (i14) which has available a pathway
other than simple fluoride ion expulsion; thus, 14 exper-
lences an irreversible, ring contraction to give the alde-
hydo compound 15 (Scheme 3). In support of this proposed
role for fluoride ion is the observation that no 5-(ace-
toxymethyl) -2-formylfuran (i13) was formed when tetrabutyl-
ammonium fluoride was omitted from the reaction mixture.
Once compound 15 is formed, two successive elimina-
tions of the elements of acetic acid generate the furan
derivative 13. The driving force for the first elimina-

tion is thought to be the stability gained by formation of
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the a, B-unsaturated aldehyde 16 while the second reaction,
that 1is, conversidn of 16 into the furan 13, produces an
even more stab}e system due to formation of an aromatic
compound (13).

Reaction of the manno triflate 3 with tetrabutyl-
ammonium fluoride gave the desired displacement product
1.3.4,6-tetra-9—acety1—a—deoxy—a—fluoro-B—g—glucopyranose
(17) in low yield (Table 1). Compound 17 was accompanied
by 1,3,4,s—tetra—g—acetyl—a—deoxy-B—g—erzthro—hex—a-
enopyranose (i8), 4,6-di-O-acetyl-1, 5-anhydro-2-deoxy-
g—erzthro—hex-i—enitol-3—ulose (19), and 1,2, 3,4, 6-penta-
Q-acetyl-B—g—glucopyranose (20). A proposed mechanism for
the formation of these compounds is shown in Scheme 4. The
unsaturated compound 18 is the product of an E2 elimina-
tion from the triflate 3. Furtiher reaction of 18 with
fluoride ion results in a second elimination to give the
a, B-unsaturated Ketone 19. The proposal that 19 is pro-
duced from 18 is supported by the observation that 18 is
converted into 19 under the reaction conditions. The
pentaacetate 20 arises from reaction of the triflate 3
with acetate ion generated by the elimination reactions.
In agreement with this proposal is the observation that 3
reacts with tetrabutylammonium acetate to give compound
20.

In conclusion, the results from reactions of the

triflates 2 and 3 with tetrabutylammonium halides can be
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AcOCH, AcOCH, AcOCH,
QoAc -TiOH QoAc Q0oAc
OAcTioA ——> —_— yse
e AcO AcO
o] 0
CH,C” cne
3 g 18 [ W
- q@
OAc
.-
AcOCH, ACOCH, AcOCH,
OAc QoAc Q
OAc OAc /
AcO AcO AcO/
F OAc O/
Scheme 4

summarized in the following manner. The displacement of
the triflyloxy group from the 2-position in these com-
pounds (2 and 3) by halide ions occurs in good to excel-
lent yields except when fluoride ion is used. The reduced
nucleophilicity and increased basicity of this ion, when
compared to other halides, causes competing elimination
reactions to occur. Interestingly, no neighboring group
Participation was observed, even though this was a possi-
ble process, particularly for compound 3.

EXPERIMENTAL

General Procedures. {H NMR data (Table 2) were ac-

quired using either a Varian T-60 or a Varian FT-80A spec-

trometer. 13c NMR data (Table 3) were obtained from a
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Table 2: lH-NMR Parameters
Cmpd. H-1 B-2 -3 -4 B-5 H-6  B-6 0C (0)CH3
2 6.26 4.86 5.67----5.06 4,43~eemrm e 3.80 1.98, 2.16
J1,2=4 J2,3%9 2.02 (6H)
3 5.92 5.33mmmmm e 5.07 4,27 3.63 2,02, 2.04
J1,2¢1 2,07, 2.12
3 6.26 4.40 5.14 5.45 5.45=wmmre——m— 3.77 2.03, 2.13
J1,2=2  J2,3=4 J3,4374,5710 2.07 (6H)
1 6.13 4.31 5.63~--~5,10 4,23 s 3.80 1.99, 2.10
Ji1,2=2 J2,3=3 2.03 (6H)
8 5.86 3.88 5.00 5.40 3.95 4.33 4.03 1.98, 2.02
J1,2%9  J2,3=J4,5%9.5 Js,6=4 Js,6'=2 Jg,6'=12.5 2.05, 2.13
9 5.79 3.90 5.03 5.36 3.95 4.38 4,08 2.07, 2.10
J1,2-0 J2'3=J4,5-9 35,6'4'5 J5,6"2 J6,6'-12'5 2.13, 2.22
10 6.33 4.70~----4,40 5.48 L e 3.67 2,03, 2.13
Jy,2=1 2.07 (6H)
12 5.47 3.74 4,91 5.30 3.82 4.28 3.98 1.95, 2.00
J1,2#8.5 J2,3=04,5=9.5 Js5,6=4 Js5,6'=2 Jg,6'=12 2.13, 2.22
13 7.20 6.59 5.17 2.18
J3,4=3.5
17 5.72 4.97 5.00 5.41 3.82 4.25 4.05 1.97, 2.01
J1,228.2 J2,329.0 J3,4=74,5=9.5 Jsg,¢=4.5 2.13, 2.22
J5,60=2.5 Jg.6=12.5 loygp=3l2 2gp=43  3ggpa3
18 6.40 5.64 5.23 4.18 4.18 4.18 1.95, 1.98
J1'2=3 J1’4=0.6 J2,4=0.5 J4,5=1.4 2,03
19 7.35 5.47 5.53 4.56 4.40 4.32 2.11, 2.18
J1,2%6 J4,5%13 J5,675,6'3 Jg,6'=17
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Varian FT-80A spectrometer. Melting points were deter-
mined using a Thomas-Hoover capillary melting point appa-
ratus and are uncorrected. Chromatography was done on a
2.5 X 10 cm column of 230-400 mesh silica gel with a 3:2
ratio of ethyl ether-hexane. The column effluent was
monitored by an ISCO UA-2 UV analyzer. Tetrabutylammonium
halides remained on the column. Dichloromethane was dis-
tilled from phosphorus pentoxide and stored over 4A molec-
ular sieve. Pyridine was distilled from barium oxide and
stored over potassium hydroxide. Tetrabutylammonium salts
were purchased from the Aldrich Chemical Company.

Syntheses of 1, 3,4, 6-Tetra-O-acetyl-2-0-(trifluoro-

methylsulfonyl)-a-D-glucopyranose (2) and 1, 3,4, 6-Tetra-0O-

acetyl-2-O-(trifluoromethylsul fonyl)-B-D-mannopyranose

£3). The appropriate tetraacetate [i,3,4,6-tetra-0-
acetyl—d-g-glucopyranose12 (4) or §,3,4,6-tetra-O-acetyl-
B-g—mannopyranose13 (5)] (0.96 g, 2.75 mmol) and pyridine
(0.58 mL, 7.17 mmol) were dissolved in 20 mL of dichloro-
methane. Triflic anhydride (0.85g, 3.0 mmol) was added to
the reaction mixture which had been cooled to O 0C. This
mixture was stirred and allowed to warm to room temper-
ature over a period of two h. The reaction mixture was
then poured into 150 mL of cold saturated NaHCO3 in a
separatory funnel and shaken. The aqueous portion was
extracted with three 25 mL portions of dichloromethane.

The combined organic solutions were washed with 40 mL of
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14 HCl1l and dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure to give
1,3,4,s-tetra—g-acetyl—a-g—(trifluoromethylsulfonyl)-a—g—
glucopyranose (2), mp 85.5-86.5 6C (hexane), or i, 3,4,6-
tetra—g—acetyl—a—g—(trifluoromethylsulfonyl)-B—g~
mannopyranose (3), mp 118-1149 SCc (hexane). NMR spectral
data for compounds 2 and 3 are found in Tables 2 and 3.
These triflates usually were reacted immediately since
they decomposed slowly at room temperature. They are
stable for months at -20 °C.

Syntheses of 1, 3, 4, 6-Tetra-O-acetyl-2-deoxy-2-

halogeno-B-D-glucopyranoses 8, 9, and i2. The triflate 3

(0.593 g, L1.70 mmol) was combined with the appropriate
tetrabutylammonium halide (3. 34 mmol) in 30 mL of anhy-
drous benzene and heated at reflux for two h. After cool-
ing to room temperature, the benzene was removed under re-
duced pressure. The residue was dissolved in the minimum
amount of dichloromethane, chromatographed as described in
the general procedures, and recrystallized from ethanol.
The reaction products (8, 9, and {2) were identified by
analysis of their NMR spectra (Tables 2 and 3) and mp com-
parison with values reported in the literature: compound
8, mp 95-96 °C (lit. !4 mp 95-96 ©C); compound 9, mp 140-
111 °C (1it. 15 mp 108-110 °C); compound i2, mp 113.5-114.5
oc. Since compound 12 was previously unreported, its ele-
mental analysis was determined. Anal. Calcd For Cy4H{¢lOg:

C, 36.70; H, 4,18, Found: C, 36.64: H, 4. 3.
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Syntheses of 1,3, 4,6-Tetra-O-acetyl-2-deoxy-2-

halogeno-a-D-mannopyranoses 6, 7, and 10; 3,4,6-tri-O-

acetyl-i, 6-anhydro-2-deoxy-D-arabino-hex-i{-enitol (iti};

and 5-(acetoxymethyl)-2-formylfuran (13). Syntheses of 6,

7, and 10 were conducted in a manner identical to the
preparation of {4, 3,4,6-tetra-QO-acetyl-2~-deoxy-2-halogeno-
B-g-glucopyranoses 8, 9, and lg except that the triflate 2
was the starting material. Yields for these products (6,
7, and 10), none of which crystallized, are given in Table
1. Compounds 6 and 7 were identified by analysis of their
NMR spectra (Tables 2 and 3) and by comparison of these
spectral data with those reported in the literature. 16,17
Compound 10 was identified by analysis of its NMR spectra
and its elemental analysis. Anal. Calcd For Cy4H;qlO0g:

C, 36.70; H, 4.18. Found: C, 36.98; H, 4. 014,

Reaction of 2 with tetrabutylammonium iodide yielded,
in addition to the deoxyiocdo sugar 10, 3,4,6-tri-O-acetyl-
1.5—anhydro—a—deoxy—g—arabino-hex—1—en1tol (11). Reaction
of 2 with tetrabutylammonium fluoride resulted only in
formation of 5-(acetoxymethyl)-2-formylfuran (13). Both
compounds 10 and i3 were identified by comparison of their

lH NMR spectra with authentic samples. 18

Reaction of 4, 3,4, 6-Tetra~O-acetyl-2-0-(trifluoro-

methylsulfonyl)-g8-D-mannopyranose (3) with Tetrabutyl-

ammonium Fluoride, Reaction of the triflate 3 with tetra-

butylammonium fluoride was conducted in the manner de-
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scribed for reaction of 3 with other halide ions. Chroma-
tography described in the general procedures produced
1,3,4,6-tetra-9—acety1-Z-deoxy—a-fluoro-B—g—glucopyranose
(17, 237 yield), identified by analysis of its NMR spectira
(Tables 2 and 3) and comparison of the !H NMR spectral
data with those reported in the literature.i! In addi-
tion, 1.3.4,s-tetra—g-acetyl-a-deoxy—B-g—erzthro-hex~a—
enopyranose (18), 4,6-di—g—acetyl—i,5—anhydro—2-deoxy—g—
erythro-hex-i{-enitol-3-ulose (19, 23%Z), and {,2,3,4, 6~
penta—9~acety1—B-g—glucopyranose (20, 11/) were formed.
Compound 20 was identified by iy NMR spectral comparison
with an authentic sample.18 The identification of com-
pounds 18 and 19 was accomplished by analysis of their NMR
spectra (Tables 2 and 3). The yield of i8 varied consid-
erably from one experiment to the next because it hydro-
lyzed readily into 19; in fact, 18 was never isolated com-
Pletely free of contamination by 19. Compound 19 was
isolated in a pure state and subjected to elemental anal-
ysis. Anal. Calcd. for CygHyp0g: C, 52.63; H, 5.30,
Found: C, 652.39, H, 5.51.
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