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ABSTRACT

Heating methyl 4-O-benzoyl-2,6-dideoxy-3-O-triflyl-0-D-;yxo-
hexopyranoeide (1) at 100 °C in aqueous pyridine opens the pyranoid ring
to form 3-O-benzoyl-2-0-formoyl-4-penten-2,3-diol (2) as the primary
product. [Under the reaction conditions 2 is partially hydrolyzed to 3-0-
benzoyl-4-penten-2,3-diol (3).] Mechanistic study of this reaction indicates
that the carbocation 6 and the hemiacetal 7 are both intermediates in the
reaction process. The importance of stereochemistry at Ci and Ci (the two
chiral centers involved in the ring-opening reaction) was demonstrated by
studying two additional triflates, methyl 4-0-benzoyl-2,6-dideoxy-3-0-
triflyl-/S-D-.ribo-hexopyranoside (11) and methyl 4-0-benzoyl-2,6-dideoxy-
S-O-triflyl-a-D-lyxo-hexopyranoside (14). Compound 11 experienced no
ring-opening but rather exclusive triflate displacement by pyridine. For
14 the major process was E2 elimination to give methyl 4-O-benzoyl-2,3,6-
trideoxy-a-D-^/ycero-hex-3-enopyranoside (15), while ring-opening was
only a minor reaction pathway.

INTRODUCTION

Carbohydrate triflates occupy an important role in synthetic car-

bohydrate chemistry because they undergo substitution reactions readily

with a wide variety of nucleophiles.2'3 Even though competing elimination

and ring-contraction processes are known to accompany triflate departure

from some compounds,4 the vast majority of triflate reactions with

nucleophiles produce good yields of substitution products.

The exceptionally high reactivity of triflates, however, does create

opportunities for reactions which are not normally associated with sul-

fonate esters. Some unusual triflate reactions, such as triflyl5 and

alkoxy* group migrations, are interesting for the information that they
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OBz

Scheme I

convey about this exceptional functional group, while other reactions have
the additional feature of being synthetically useful. An example of the lat-
ter type of process is the internal displacement of the triflyloxy group by
a neighboring (trans-related) benzoyloxy group (Scheme I). This displace-
ment occurs under extremely mild conditions and represents a convenient
method for inversion of configuration at a hydroxyl-bearing, chiral center.7

One question raised by the existence of the reaction described in
Scheme I concerned the type of process which would take place when in-
ternal displacement was made difficult by a cis relationship between neigh-
boring triflyloxy and benzoyloxy groups. In an effort to understand what
would transpire in such a situation, investigation of several triflatee was
undertaken. The results from this study, including the discovery of a
new triflate reaction, are described in this paper.

RESULTS AND DISCUSSION

When methyl 4-O-benzoyl-2,6-dideoxy-3-O-triflyl-^-D-7j^o-hexo-
pyranoside (1) was allowed to stand at room temperature in aqueous
pyridine (conditions under which the reaction shown in Scheme I took
place), no reaction occurred. When 1 was heated for 45 min at 100 °C in
this solvent, two esters (2 and 3) of 4-penten-2,3-diol were formed in 47%
and 40% yields, respectively; in addition, a small amount (9%) of methyl
4-0-benzoyl-2,3,6-trideoxy-/M)-a7,yce.ro-hex-3-enopyrano8ide (4) was
produced (eq 1). The structures of the major products (2 and 3) sug-
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NEU RING-OPENING REACTION OF SUGAR TRIFLATES 419

BzO Me

)

gested that a reaction was occurring in which there was simultaneous loss
of the triflyloxy group and opening of the pyranoid ring (Scheme II).
(Although triflate departure before ring opening was an a priori pos-
sibility! such a reaction was rendered unlikely by the absence of products
arising from capture of the cyclic cation 5.*)

The formation of compounds 2 and 3 did raise several questions.
One of these concerned whether water was participating in the process
during ring opening (Scheme II, path A) or simply was reacting with the
cation 6 after its formation (path B). A method for choosing between these
possibilities depended upon producing a Btable compound analogous to the
proposed intermediate 7. Fortunately, when methanol replaced water in the
reaction of 1, a stable orthoester (8) did form. If formation of 8 were oc-
curring in a concerted fashion, reaction of 1 with an alcohol other than
methanol should produce a single orthoester while a pair of diastereomers
would be expected from the intermediacy of 6. When reaction was con-

BzO
Me

BzO

-OTI

BzO
) e Hi° L Me
N ^ O M . _ _ *

PATH A

BzO

.OMe
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H,0
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Scheme 11
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420 BINKLEY

ducted UBing CDjOD in place of water, a mixture of the diastereomeric
orthoesters 9 and 10 was produced. This result supported the stepwise
pathway B.

H
BiO |

<eq.2>CR.OR

R = H 8 R= R = H

R= 0 9 R = H, R' = D

10 R = D, R' = H

Another uncertainty about the mechanism of this reaction was related
to the formation of the benzoate ester 3. Compound 3 could be produced
either directly from 7 (Scheme II, path C) or by hydrolysis of 2 (path D).
Since 7 also is a probable intermediate in hydrolysis of 8 and since or-
thoesters are easily hydrolyzed, it was possible to generate 7 and observe
its reaction under conditions which did not permit the hydrolysis of 2.
Under these conditions (moist silica gel and room temperature) only com-
pound 2 was formed; therefore, 2 was concluded to be the sole primary
product from reaction of the triflate 1 in the presence of water. (Con-
sistent with this conclusion was the observation that, when 2 was heated
in aqueous pyridine, 3 was produced.)

Other issues related to the reaction of 1 concerned the importance of
the stereochemistry at C-l and C-3 (the two chiral centers involved in the
ring-opening process) to the course of the reaction. In-^ersion of con-
figuration at C-3 in 1 would change the trana-antiparallel arrangement of
the Cj-0 and Cj-Ci bonds and, thus, might prevent ring opening. This in-
version of configuration did, in fact, alter the course of the reaction.
When the C-3 inverted* methyl 4-O-benzoyl-2,6-dideoxy-3-O-triflyl-0-D-
ribo-hexopyranoside (11) was heated at 100 *C in aqueous pyridine, only
the substitution product 12 was formed (62% yield). Likewise, when 11 was
heated in methanol, only methyl 4-0-benzoyl-2,6-dideoxy-3-0-methyl-/J-D-
arab/no-hexopyranoside (13) was produced (eq 3). Proper orbital alignment
appears to be essential to the ring-opening reaction.

In contrast to stereochemical change at C-3, inversion of configura-
tion at C-l still permitted ring opening to take place but its importance
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NEU RING-OPENING REACTION OF SUGAR TRIFLATES 421

-OMe • xX^-^A^OMe (eq.3)

11 12X= e "

13 X = OMe

was dramatically reduced (4% yield of 2). The major product (53X) from
heating methyl 4-0-benzoyl-2,6-dideoxy-3-0-triflyl-a-D-/.y.xo-hexopyrano-
side (14) in aqueous pyridine waB methyl 4-O-benzoyl-2,3,6-trideoxy-a-D-
£-7,Kcero-hex-3-enopyranoside (15). Also, accompanying 15 was a smaller
amount (15%) of a second elimination product (16). It is reasonable to ex-
pect that ring opening would occur more easily from the /J-anomer 1 than
from the a-anomer 14 since during ring opening both compounds pre-
sumably are proceeding through the cationic intermediate 6 and the more
stable (anomeric effect) a-anomer would be expected to require a greater
amount of energy to reach the transition state for this reaction. The
greater energy requirement for ring-opening in the a-anomer appears to
be sufficient to allow simple elimination to become the favored process for
14.

BiO Me Me
k J ^ C.H.N )

14 15 16

The fundamental question raised by the reaction of the triflate 1 is
why does ring-opening compete so effectively with the more typical reac-
tions of substitutioni elimination, or even ring-contraction. Since the
reactivity of 1 is determined by itB structure and by the reaction condi-
tions, understanding what is taking place depends upon analysis of the
molecular structure of 1 and its potential for reaction with the various
reagents present. Thus, substitution does not take place when 1 reacts
with aqueous pyridine because an effective nucleophile is absent. (When
reaction is conducted in the presence of tetrabutylammonium bromide,
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BiO

e v"̂ "" \1 * Br * y - \^0M« (eq.5)

Br

17

simple displacement to give the broroodeoxy sugar 17 is the only reaction

observed.) E2 elimination from compound 1 requires the molecule to as-

sume an unfavorable conformation (18) and, therefore, should have a

reduced probability due to the low population of this conformation.

Finally, the lack of ring contraction is an indication of the relative ease in

forming cation 19 as opposed to 6. Formation of 19 requires the develop-

ment of positive charge on a carbon atom bearing an electron withdrawing

benzoyl group; consequently, formation of the more stable 6 should be

favored.

Me BiO . .

It 19

A finally observation is that a ring-opening reaction of the type

observed for 1 can be viewed as an example of a Grob fragmentation.10

This type of process has not been observed previously for carbohydrate

triflates but is known to occur in other carbohydrate systems.11 The dis-

covery of reactions of the type described here suggests that the

chemistry of triflates, particularly when effective nucleophiles are absent,

merits continued study.

EXPERIMENTAL

General Procedures. Column chromatography was conducted using a

2.5 x 15 cm column of 240-400 mesh silica gel (Baker) developed with 1:10

ethyl acetate - hexane. TLC was done using Whatmann silica gel 60A

plates developed with 1:10 ethyl acetate - hexane. NMR spectra were

determined a Brucker AC300F spectrometer with deuterochloroform as the

solvent. Chemical shifts are. relative to tetramethylsilane (6 - 0.0). Opti-

cal rotations were determined at 578 nm for solutions in ethyl acetate at 22

*C using a Perkin-Elmer model 241 spectrometer.

Methyl 4-O-Benzoyl-2,6-dideoxy-3-O-trifluoromethylflulfonyl-0-D-
i^xo-hexopyranomde (1). Methyl 4-0-benzoyl-2,6-dideoxy-£-D-J.rxo-
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NEW RING-OPENING REACTION OF SUGAR TRIFLATES 423

hexopyranoside" (0.60 g, 2.6 mmol) was dissolved in 15 mL of dichloro-
methane which contained 1.18 g (15 mmol) of pyridine. This solution was
stirred and cooled to -20 °C and a solution of 1.5 g (5.3 mmol) of triflic
anhydride was added in a dropwise manner. As soon as the addition was
complete, the cooling bath waB removed and the reaction mixture was al-
lowed to warm to room temperature over a period of one h. The solvent
then was removed under reduced pressure and the residue chromato-
graphed in the standard fashion to give 1.00 g (2.5 mmol, 96%) of 1, mp =
101-102 <>C, [a] = +28« (c = 0.40); Rt = 0.17. »H NMR: 3 1.08 (H», JiA =

6.4 Hz), 2.10 (Hje, Jw« = 2.1 Hz, Ji,,tl = 12.2 Hz, JJ,.J = 5.1 Hz), 2.31 (H2J,
J W , = 9.4 Hz, J**j = 12.0 Hz), 2.94 (Hs, J o = 0.8 Hz), 3.31 (OMe), 3.84 (Hi),
4.89 (Hj, JM = 3.3 Hz), 5.51 (HO, 6.96-7.17, 8.11-8.21 (aromatic protons). "C
NMR: S 16.37 (C), 33.54 (Ci), 56.10 (OMe), 68.87 (C5), 69.05 (CO, 83.48
(C3), 99.83 (Ci), 118.99 (CF3, JC.F = 317 Hz), 128.71, 130.12, 133.42 (aromatic
carbons), 165.67 (C=O). Compound 1 was stable at - 15 °C but began to
decompose in several h at room temperature. It could be kept for days at
room temperature in dichloromethane solution containing a tertiary amine.

Reaction of Triflate 1 in Aqueous Pyridine. Compound 1 (0.60 g, 1.5
mmol) was dissolved in 10 mL of pyridine and 1.0 mL of water. This mix-
ture was heated at 100 °C for 45 min. The solvent was removed under
reduced pressure and the residue chromatographed in the standard
fashion to give 164 mg (0.7 mmol, 47%) of 3-benzoyl-2-formoyl-4-penten-
2,3-diol (2), [a] = +92" (c = 0.29); Rt - 0.22 (1:10, ethyl acetate - hexane),
and 123 mg (0.6 mmol, 40%) of 3-benzoyl-4-penten-2,3-diol (3), [a] - +77°
(c = 0.24), Rt - 0.18 (1:4, ethyl acetate - hexane), and 34 mg (0.23 mmol,
9%) of methyl 4-O-benzoyl-2l3,6-trideoxy-0-D-g'7,yce.ro-hex-3-enopyranoside
(4), [a] = -146» (c = 0.076). Compound 2: »H NMR: 6 1.33 (Hi, Ji.j = 6.5
Hz), 5.35 (Hi, J W = 6.3 Hz, J2,i = 6.5 Hz), 5.36 (Hsc, Jwc = 1.2 Hz, J4.sc = 10.5
Hz), 5.47 (HST, JMT = 10 Hz, J«,ST = 17.1 Hz), 5.57 (Ha, J w = 6.5 Hz), 5.87

(H«), 7.40-7.59, 8.05-8.08 (aromatic protons); "C NMR: i 16.33 (Ci), 70.22
(C2), 76.00 (Cj), 119.88 (C5), 132.12 (C<), 128.49, 129.82, 133.24 (aromatic
carbons), 160.25 (HC=O), 165.40 (ArC=O). Anal. Calcd. for CuHuO«: C, 66.65;
H, 6.02. Found C, 66.88; H, 5.89. Compound 3: »H NMR: S 1.27 (Hi, JM =
6.4 Hz), 4.01 (Hj, J W = 6.2 Hz), 5.34 (HJC, JJ.SC = 1.2 Hz, J«l5C = 10.6 Hz), 5.39

(Hj, J,,« = 6.2 Hz, 5.44 (HJT, JJ.ST = 1.3 Hz, J«,5T = 17.2 Hz), 5.93 (H«), 7.41-

7.63, 8.05-8.10 (aromatic protons); "C NMR: S 18.80 (Ci), 68.98 (C»), 79.16
(Cj), 119.14 (Cs), 133.06 (C4), 128.46, 129.68, 130.04, 133.20 (aromatic
carbons), 165.81 (C=0). Anal, calcd. for C«Hi«O3: C, 69.88; H, 6.84. Found
C, 69.98; H, 6.89. Compound 4: »H NMR: S 1.36 (H«, JtA = 6.7 Hz), 2.38-
2.44 (Hj, HIOI 3.54 (OMe), 4.65 (Hs, J»,s = 1.7 Hz, J2-,s = 3.3 Hz), 4.78 (Hi, J w
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424 BINKLEY

= 6.2 Hz, J u . = 5.0 Hz), 5.52 (Hj, JI l 3 = 1.6 Hz, Ji-.j = 4.1 Hz), 7.42-7.66,

8.03-8.11 (aromatic protons ) ; »JC NMR: 6 18.14 (C6), 30.52 ( d ) , 56.38

(OMe), 69.39 (Cs), 99.61 (C,), 110.08 (Cj), 148.90 (C«), 128.60, 130.02, 133.62

(aromatic c a r b o n s ) , 164.60 (C=O). Anal. Calcd for CuHi«04: C, 67.72; H,

6.50. Found: 67.99; H, 6.62.

Reaction of 1 with Methanol. Compound 1 (0.44 g, 1.1 mnaol) was d i s -

s o l v e d in 5 mL of methanol conta in ing 0.62 g (3.0 mmol) of 2 , 6 - d i - t e r t -

butyl-4-methylpyridine and heated at 100 °C in a sealed tube for 15 min.
The solvent was removed under reduced pressure and the residue
chromatographed in the standard fashion to give 265 mg (0.95 mmol, 86%)
of 3-benzoyl-2-(dimethoxymethyl)-4-penten-2,3-diol (8), /?/• = 0.53 (3:1
hexane - ethyl acetate); »H NMR: & 1.27 (Hi, J w = 6.4 Hz), 3.28, 3.33
(OMe), 4.07 (H2, JM = 6.7 Hz, 5.20 [CH(0Me)2], 5.32 (H5C, Js.sc = 1.2 Hz, J,,sc =
10.6 Hz), 5.42 (HST, JJ.ST = 1.3 Hz, J4.5T = 17.3 Hz), 5.58 (H3, J w = 6.5 Hz),

5.96 (H«), 7.38-7.61, 8.04-8.13 (aromatic protons); "C NMR: & 16.51 (d) ,
50.97, 51.53 (OMe), 71.43 (Ci), 76.79 (Cj), 113.74 [CH(OMe)j], 118.54 (C5),
132.72 (C«), 128.42, 129.67, 133.06 (aromatic carbons), 165.44 (C=O). Com-
pound 8 decomposed slowly on silica gel to produce compound 2. Although
there was no 2 present in the crude reaction mixture (NMR), after
chromatography samples of 8 always contained a small amount of 2, even
though these compounds have very different Ri values.

Reaction of 1 with Methanol-d4. The reaction and the product isola-
tion were conducted in a manner identical to that for reaction 1 with
methanol except that CDjOD replaced methanol. The *H NMR spectrum of
the inseparable mixture of products (9 and 10) exhibited methoxy
resonances at 3.33 and 3.28 3. The 3.28 resonance was approximately
twice as intense as that at 3.33. The »3C NMR spectrum also exhibited
methoxy resonances of unequal intensity at 51.54 and 50.97 6. The
spectra of these compounds was otherwise identical to that of compound 8.

Reaction of 1 with Tetrabutylammonium Bromide. Compound 1 (0.30 g,
0.75 mmol) was dissolved in 10 mL of toluene containing 1.0 g (3.1 mmol) of
tetrabutylammonium bromide. After standing at room temperature for 1 h,
the reaction mixture was extracted twice with water. The aqueous extracts
were discarded and the organic solvent was evaporated under reduced
pressure to give 236 mg (0.72 mmol, 96%) of methyl 4-0-benzoyl-3-bromo-
2,3,6-trideoxy-0-D-xy7»-hexopyranoside (17), [<*] = +30° (c = 0.29), Rf =
0,20 (1:10, ethyl acetate - hexane); »H NMR: 6 1.30 (H«, J5ls = 6.5 Hz), 2.16
(Hi, J U , = 2.3 Hz, Ji,.j = 2.4 Hz, J»,2* = 14.4 Hz), 2.26 (Hi,, J w . = 8.7 Hz,

= 3.8 Hz), 4.49 (Hj, J M = 3.4 Hz), 4.50 (H5), 4.86 (H,), 5.06 (H4, J».s = 1.2
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NEW RING-OPENING REACTION OF SUGAR TRIFLATES * 2 5

Hz), 6.96-7.16, 8.08. 8.11 (aromatic hydrogens); "C NMR: & 16.84 (Cs), 34.62
(C2), 46.09 (C3), 56.65 (OMe), 67.59 (Cs), 71.18 (C4), 99.33 (Ci), 128.53, 129.29,
129.97, 133.55 (aromatic carbons), 165.62 (C=O). Anal. Calcd for CnHnBrO.:
C, 51.06; H, 5.21. Found C, 50.86; H, 5.23.

Synthesis of Methyl 4-O-Benzoyl-2,6-dideoxy-3-O-trifluoroinethyl-
sulfonyl-/3-D-rifao-hexopyranoside (11). Methyl 4-0-benzoyl-2,6-dideoxy-
^-D-ribo-hexopyranoside7* (0.72 g, 3.1 mmol) was dissolved in 15 mL of
dichloromethane which contained 1.42 g (18 mmol) of pyridine. This solu-
tion was stirred and cooled to -20 °C and a solution of 1.8 g (6.4 mmol) of
triflic anhydride was added in a dropwise manner. As soon as the addi-
tion was complete, the cooling bath was removed and the reaction mixture
was allowed to warm to room temperature over a period of one h.
Saturated aqueous sodium bicarbonate (10 mL) was added and the reaction
mixture was stirred for 15 min. The layers were separated and the
aqueous layer was extracted with dichloromethane (2 x 15 mL). The or-
ganic layers were combined and the solvent removed under reduced pres-
sure. The residue was extracted with two 50 mL portions of hexane. The
hexane extracts were combined and the solvent distilled to give 1.2 g (3.0
mmol, 97%) of 11, Rf = 0.60 (3:1 hexane - ethyl acetate). (Compound 11
decomposed upon standing at room temperature for several hours.) *H NMR: &

1.26 (H«, J5,t = 6.2 Hz), 2.10 (Hi,, Jw» = 9.4 Hz, Jj.^ = 2.7 Hz), 2.38 (Hi,,
Ji4e = 2.0 Hz, JI*J = 2.5), 3.37 (OMe), 4.27 (Hs, J4.S = 9.7 Hz), 4.80 (Hi), 4.91
(H«, J « = 2.7 Hz), 5.49 (Ha), 7.42, 7.45, 7.48, 7.56, 7.58, 8.07, 8.09 (aromatic);
"C NMR: « 17.35 (C«), 34.49 (Ci), 55.34 (OMe), 61.08 (C5), 71.71 (C«), 82.64
(C), 96.24 (Ci), 118.55 (CFi), 129.00, 128.66, 129.98, 133.78 (aromatic
carbons), 165.51 (C=O).

Reaction of 11 with Pyridine. Compound 11 (200 mg, 0.50 mmol) was
dissolved in 2 mL of pyridine and heated at 100 °C in an NMR tube for 15
min. The solvent was distilled under reduced pressure and the residue
chromatographed (20:1 ethyl acetate - metbanol) to give 149 mg (0.31 mmol,
62*) of 12, [a] = -160« (c = 0.082)- »H NMR: S 1.32 (H», Js* = 6.2 Hz), 2.32
(Hx* Jia« = 8.8 Hz, JIM = 12.6 Hz), 2.79 (H*«, Ji.it = 1.8 Hz, Ji.,j = 4.8 Hz),
3.52 (OMe), 4.07 (Hs, J w = 9.0 Hz), 4.90 (Hi), 5.19 (H«, JM = 10.1 Hz), 5.67
(Hj), 7.38, 7.40, 7.54, 7.57, 7.59, 7.86, 7.88 (aromatic protons); »C NMR: «
17.71 (C«), 37.16 (Ci), 56.93 (OMe), 70.34, 70.66, 74.84 (Ci, C4, Cs), 99.91 (Ci),
128.61, 129.72, 34.23 (aromatic carbons), 165.61 (C=O).

Reaction of 11 with Methanol. Compound 11 (136 mg, 0.60 mmol) and
205 mg (1.0 mmol) of 2,6-di-t-butyl-4-methylpyridine were dissolved in 4
mL of methanol and heated in a sealed tube at 100 *C for 15 min. The sol-
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426 BINKLEY

vent was evaporated under reduced pressure and the residue was
chromatographed in the standard fashion to give 126 ing (0.45 mmol, 74%)
of methyl 4-0-benzoyl-2,6-dideoxy-3-0-methyl-/?-D-arab//jo-hexopyranoside
(13), [a] = -177« (c = 0.19), R* = 0.53 (3:1 hexane - ethyl acetate) . »H
NMR: 6 1.27 (H», J5^ = 6.1 Hz), 1.66 (H2,, J w . = 9.5 Hz, J2.,3 = 12.3 Hz), 2.39
(Hj,, Ji(l. = 1.7 Hz, JIM = 4.9 Hz), 3.32 (OMe), 3.51 (Cj, J3>4 = 9.4 Hz), 3.52
(OMe), 3.55 (HS| J** = 9.4 Hz), 4.46 (HO, 4.94 (H«), 7.43, 7.46, 7.48, 7.56, 7.58,
8.05, 8.07 (aromatic protons); »C NMR: 5 17.70 (C), 36.02 (Hi), 56.58 (OMe),
56.88 (OMe), 70.32 (C5), 76.28 (C4), 78.17 (CJ)I 100.78 (Ci), 128.42, 129.74,
133.10 (aromatic carbons), 165.78 (C=0). Anal Calcd for CUHJOOJ: C, 64.27;
H, 7.19. Found: C, 64.12; H, 7.22.

Methyl 4-0-Benzoyl-2,6-dideoxy-3-0-trifluoromethylB\jlfonyl-a-D-
{yzD-hexopyranoside (14). Methyl 4-0-benzoyl-2,6-dideoxy-ot-D-i^ro-
hexopyranoBide'« (120 mg, 0.53 mmol) was dissolved in 5 mL of dichloro-
methane which contained 0.32 g (4 mmol) of pyridine. This solution was
stirred and cooled to -20 °C and a solution of 0.45 g (1.6 mmol) of triflic
anhydride was added in a drop wise manner. As soon as the addition was
complete, the cooling bath was removed and the reaction mixture was al-
lowed to warm to room temperature over a period of one h. The solvent
then was removed under reduced pressure and the residue chromato-
graphed in the standard fashion to give 211 mg (0.53 mmol, 100%) of 14,
[a] = +59» (c r 0.70); Rt - 0.17. »H NMR: « 1.23 (H*. J M = 6.5 Hz), 2.20
(Hj», Ji,i« < 1 Hz, JJ«,JI = 12.3 Hz, 3UA - 5.2 Hz), 2.43 (Hi«, Jia. = 3.6 Hz, JJ,,J

= 12.3 Hz), 4.41 (Hs, J** < 1 Hz), 3.37 (OMe), 4.98 (Hi), 5.43 (Hj, J M = 3.4
Hz), 5.59 (H*), 7.43-7.67, 8.09-8.13 (aromatic protons). "C NMR: 6 16.56
(C«), 31.74 (C»), 55.14 (OMe), 65.21 (Cs), 70.09 (C4), 81.98 (Cs), 98.24 (Ci),
118.49 (CFi, Jcr = 319 Hz), 128.60, 129.21, 130.01, 133.58 (aromatic carbons),
165.64 (C=0). Compound 14 began to decompose when kept as a neat liquid
overnight. It could be kept for days at room temperature in
dichloromethane solution containing a tertiary amlne.

Reaction of Triflate 14 in Aqueous Pyridine. Compound 14 (200 mg,
0.50 mmol) was dissolved in 10 mL of pyridine and 1.0 mL of water. This
mixture was heated at 100 °C for 25 min. The Bolvent was removed under
reduced pressure and the residue chromatographed in the standard
fashion to give 59 mg (0.16 mmol) of unreacted 14, 2.3 mg (0.01 mmol, 4%)
of 3-benzoyl-2-formoyl-4-penten-2,3-diol (2), 66 mg (0.27 mmol, 53%) of
methyl 4-0-benzoyl-2,3,6-trideoxy-a-l>-^7^cero-hex-3-enopyrano8ide (15),
R# = 0.32, and 19 mg (0.07 mmol, 15%) of methyl 4-0-benzoyl-2,3,6-tri-
deoxy-a-D-t2ireo-hex-2-enopyranoside (16). Compound 15: »H NMR: 8 1.32
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(He, JM = 6.7 Hz), 2.30 (Hi, Jia = 1.2 Hz, J2>J = 5.3 Hz, J2,,s =2.9 Hz), 2.65
(Hr, J w = 4.5 Hz, 32;» = Jiss = 2.9 Hz), 3.49 (OMe), 4.59 (H5), 4.88 (Hi), 5.55
(Hj), 7.41-7.63, 8.03-8.11 (aromatic protonB); 1JC NMR: a 17.36 (Cs), 30.05
(C2), 55.26 (OMe), 63.37 (Cs), 96.54 (Ci), 108.47 (Cj), 147.89 (C4), 128.55,
130.00, 133.50 (aromatic carbons), 164.50 (C=O). Anal. Calcd for CuHi.CU:
C, 67.72; H, 6.50. Found: 68.13; H, 6.63. Compound 16: »H NMR: S 1.32
(H«, Js* = 6.7 Hz), 3.48 (OMe), 4.33 (H5, J«,j = 2.5 Hz), 4.98 (Hi, Jw = 2.9 Hz),
5.15 (H«, JM = 5.2 Hz), 6.06 (H2, J2>1 = 10.1 Hz), 6.21 (Hj); "C NMR: S 16.23
(C«), 55.66 (OMe), 64.88 (C«), 65.51 (Cs), 95.31 (Ci), 126.05 (C3), 133.15 (C2),
128.55, 129.99, 133.49 (aromatic carbons), 164.48 (C=O). Anal. Calcd for
CMHI«0«: C, 67.72; H, 6.50. Found: 67.41; H, 6.64.
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