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Asymmetric Cyclopropanation of Allylic Ethers: Cleavage and
Regeneration of the Chiral Auxiliary
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The ring contraction reaction of 2-O-[[(trifluoromethyl)sulfonyl]oxy]-8-D-glucopyranosides and their
corresponding a-anomers is reported. The rearrangement was shown to occur under extremely mild
basic conditions to allow isolation of acid-sensitive optically active substituted cyclopropylmethanols.
The chiral auxiliary can be regenerated by converting the C-glucofuranoside, byproduct of the
rearrangement, into tri-O-benzyl-D-glucal (two steps).

Werecently reported that 2-hydroxy-g-D-glucopyranose
can be used as an extremely efficient chiral auxiliary for
the stereoselective cyclopropanation of allylic alcohols (eq
1).2 These exciting results led us to develop new alter-
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natives for the cleavage of the chiral auxiliary in order to
isolate the corresponding substituted cyclopropylmethanol
moiety in high yield. One key element in our system is
that the C-2 hydroxy group is not protected and can be
used toinduce newreaction pathways. This wholestrategy
for the cleavage of the chiral auxiliary was based on reports
in the literature involving ring contraction of methyl 3,4-
O-isopropylidene-2-0-{ (trifluoromethyl)sulfonyl]-a-L-fu-
copyranoside (1a) and its 8-anomer (18).3 It was shown
that treatment of either anomer with a number of
nucleophilic reagents produced the 2,5-anhydro sugar
derivatives 2 (eq 2).4
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Two stereoelectronic requirements were thought to be
mandatory for ring contraction reaction of protected
glycosides.5 First, the endocyclic C-O bond must be
antiperiplanar to the C~OTf bond (Figure 1). Secondly,
the anomeric exocyclic oxygen must be able to achieve the
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conformation in which one of its nonbonded lone pairs is
antiperiplanar to the endocyclic C-O bond. Since both
requirements are present in the glucopyranose series,
heating of 2-O-[(trifluoromethyl)sulfonyl]-g8-D-glucopy-
ranoside (38) or its a-anomer (3a) in the presence of water
as nucleophile should produce the corresponding aldehyde
4 and liberate the cyclopropane aglycone moiety 5.
Treatment of 2-hydroxy-g-D-glucopyranoside 6a with
triflic anhydride and pyridine in dichloromethane® af-
forded the corresponding triflate 6b which, upon heating
at 160 °C in a mixture of DMF/pyridine/H>0O for 5 min,
underwent smooth ring contraction to produce, after
reduction,” the corresponding alcohol 8 (80%, 7-12:1
mixture of epimers by 13C NMR??) and cyclopropylmeth-
anol (+)-7 ([a]p = +86° (¢ 1.31, EtOH)) in 90% yield
(SchemeI). Remarkably, the cyclopropylmethanol moiety
was stable for this short period at that temperature. It
should be pointed out that the rearrangement can occur
at lower temperature but an increase in the reaction time
is required (ca. 5 min at 120 °C; >15 min at 80 °C). The
rearrangement could also be done in one pot from the
alcohol 6a (Tf,0, pyr; then DMF, H20, 160 °C). The
overall isolated yield of the cyclopropylmethanol, however,
was slightly lower (75 %) to that obtained for the two steps.
Several key substrates were submitted to the rear-
rangement conditions as illustrated in Table I. When
glycoside 9 was heated to 120 °C, cyclopropylmethanol
(+)-10, a key intermediate in the synthesis of dicty-
opterenes A and C’ was produced in 73% yield ([a]p +
10° (C 1.24, CH2C12) (Iit.lo 10.3° (c 0.73, CHzClz). Similarly,
the a-anomer 11 and 6-deoxy-L-glucopyranose derivative
12 reacted under the same conditions (160 °C) to afford,
after reduction, the aglycon moiety (-)-7 ([alp - 85° (¢
1.5, EtOH)) in 88% and 86% yield, respectively. To
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Scheme I Experimental Section
BnO o General. Unless otherwise noted, all nonaqueous reactions
Bgﬂo o pp _ 1.160 °C, DMF, pyr, H,0 were performed under an oxygen-free atmosphere of nitrogen
OR \/D’ 2. NaBH, with rigid exclusion of moisture from reagents and glassware. 'H
(and 3C NMR) spectra were recorded in deuteriochloroform at
T4,0, pyr 6aR=H 200.05 or 400.13 MHz (50 or 100 MHz). When necessary, solvents
;5;/ E and reagents were dried prior to use as follows: ether, tetrahy-
° 6b R = SO,CF, drofuran, benzene, and toluene were stored over and distilled
from sodium benzophenone ketyl; dichloromethane, triethyl-
BnO ras .
HO Ph BnO o amine, pyridine, and hexane were distilled over calcium hydride.
\/D’ * "Bro Unless otherwise stated, the reagents were purchased and used
CH,OH as received. Trifluoromethanesulfonic anhydride was distilled
(+)-7 8 three times over P,0s.

facilitate isolation of volatile cyclopropylmethanol moieties
(in the presence of DMF, pyridine) an in situ protection
protocol was developed. Rearrangement of glycoside 14
followed by sequential treatment with anhydrous MgSO,,
3-A molecular sieves,!! imidazole, and tert-butyldiphen-
ylsilyl chloride allowed easy isolation of the corresponding
silyl ethers (+)-15 in 60% yield.

To demonstrate the stereospecificity of the rearrange-
ment and that epimerization of the initial aldehyde
occurred under the reaction conditions, the ring contrac-
tion of methyl glycosides 16 (ca. 2:1 o/8) 2 was investigated.
Treatment of 16 under the standard reaction conditions
led to aldehyde 4 in 90% yield again as a ca. 7:1 mixture
of epimers. If, however, the HyO was replaced by MeOH,
dimethyl acetal 17 was obtained cleanly as a single isomer
in 97% yield confirming that the rearrangement is
stereospecific. Regeneration of the chiral auxiliary from
aldehyde 4 was relatively straightforward (Scheme III).
Deoxygenation of the a-alkoxy aldehyde upon treatment
with samarium diiodide!® proceeded in 75% yield to
produce lactol 18 as a mixture of anomers. Subsequent
dehydration via the mesylate!4 regenerated tri-O-benzyl-
D-glucal.

We have therefore demonstrated that the rearrangement
of 2-O-{(trifluoromethyl)sulfonyl]-8-p-glucopyranosides
and their corresponding a-anomers allows us to isolate
the sensitive substituted cyclopropylmethanol moieties
in high yields and also be generate cleanly C-glucofura-
noside derivatives from glucopyranosides. Furthermore,
the chiral auxiliary for the cyclopropanation reaction can
be regenerated via a two-step sequence.
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General Procedure for Triflate Formation. 3’-Phenyl-
2',3’-methanopropyl 2- O-[[(Trifluoromethyl)sulfonyl]oxy]-
3,4,6-tri-O-benzyl-g8-p-glucopyranoside (6b). To a solution
of 101 mg (0.174 mmol) of 2-hydroxy-8-p-glucopyranoside 6a in
2.0 mL of CH,Cl, was added 59 uL. (0.731 mmol) of pyridine. The
resulting clear solution was cooled to -20 °C, and 59 uL (0.348
mmol) of trifluoromethanesulfonic anhydride was added over 15
min. The reaction was then warmed slowly to 0 °C over 1 h and
stirred at that temperature until TLC analysis showed complete
consumption of starting material (2 h). The mixture was
quenched with saturated aqueous NaHCO; and diluted with
ether. The organic layer was washed with water (4 X 5 mL) and
brine, dried over MgSO,, and concentrated under reduced
pressure. The residue was chromatographed through a short
pad of silica gel using 12% EtOAc/hexanes as eluent to afford
117 mg (95%) of glucopyranoside 6b. The triflates were
immediately submitted to the rearrangement conditions since
extensive decomposition was observed upon standing.

General Procedure for the Ring Contraction. 3,4,6-Tri-
O-benzyl-2,5-anhydro-D-mannitol (8a). To a solution of 189
mg (0.265 mmol) of the triflate 6b in 4 mL of DMF was added
213 uL (2.64 mmol) of pyridine and 390 uL (21.7 mmol) of H,0.
The reaction flask was placed in an oil bath that had been
previously heated to 160 °C. The mixture was heated at that
temperature for 5 min and then cooled to room temperature.
The solution was then diluted with 50% Et;0/EtOAc, and the
organic layer was washed with 5% aqueous HC1 (5 X 5 mL). The
combined aqueous layer was subsequently washed with EtOAc
(5 X 5 mL). The combined organic layers were washed with
saturated aqueous NaHCOj; and saturated aqueous NaCl, dried
over MgS0,, and concentrated under reduced pressure. The
crude residue was dissolved in 3 mL of MeOH, and 30 mg (0.795
mmol) of NaBH, was added in one portion. After 1h of stirring
at room temperature, water was added. The resulting solution
was diluted with 50 % Et,O/EtOAc. The organiclayer was washed
with water (2 X 5 mL), and the combined aqueous layers were
washed with EtOAc (5 X 5 mL). The combined organic layers
were washed with saturated aqueous NaCl, dried over MgSO,,
and concentrated under reduced pressure. The residue was
chromatographed onsilica gel using a gradient of 30-40% EtOAc/
hexanes as eluent to produce 36 mg (90%) of the known
substituted cyclopropylmethanol (+)-7 and 91 mg (79%) of a 7:1
mixture of 2,5-anhydro-D-mannitol (8a) and 2,5-anhydro-D-
glucitol (88).

3,4,6-Tri-O-benzyl-2,5-anhydro-D-mannitol (8«): 'HNMR
(200 MHz, CDCl;) 6 7.37-7.25 (m, 15 H, Ph), 4.56-4.53 (m, 6 H,
CH,.Ph), 4.27-4.22 (m, 1 H, CHCH,0Bn), 4.13-4.06 (m, 3 H,
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Table 1. Ring Contraction Reaction of
2-[(Trifluoromethanesulfonyl)oxylglucopyranosides

starting products
material® condns (yields)®
BrO B8O
HO o
w2 o 120°C, DM, py. W0 T ’g?,oﬁ
on P | oTBOPS cHo
oTBOPS
(+)10 (73%) 4(>70%)
BnO ° BnO o
80 1. 180 °C, DMF, pyr, MO, Ph W&‘
8n0 o 2. NaBH, Py HO \/b/ BnoO-
0‘4}’” CHOH
(37 (83%)
" 8(81%)
Me ° Me
o oBn 1.160°C, OMF, pyr, HO. Ph OB
P"\Q\/°~Ifﬁ~08n 2. NaBH, Pt KO ~T Ogn
o HOH,
12 (F7 (86%) 13 (71%)
800 800
WEE % o " ;1w£l;krpyvl-|10 TBOPSO, Me mo&i
SO ™ D{ 3 e (4 o0). T8DPSCI (4 60 ! [

CHO
{+)15 (60%) 4 (>70%)
¢ The starting materials were obtained from the corresponding

alcohols (Tf,0, pyr); seeref 2. ® The C-glucofuranosides were obtained
as mixture of diastereomers (7-12:1 a/8).
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CHOBn, CHCH,0H), 3.71-3.68 (m, 2 H, CH;OH), 3.61 (dd, J =
7,2 Hz, 2 H, CH,0Bn), 2.1 (s(br), 1 H, CH,OH); 1*C NMR (50.3
MHz,CDCl;) 6138.0,137.6,137.5,128.4,128.3,127.8,127.8,127.7,
127.6, 84.6, 84.1, 83.2, 81.8, 73.4, 72.0, 71.8, 70.0, 62.7.
6-Deoxy-3,4-di-O-benzyl-2,5-anhydro-L-mannitol (13): 'H
NMR (200 MHz, CDCl) é 7.4-7.33 (m, 10 H, Ph), 4.56 (s(br), 4
H, CH,Ph), 4.21-4.12 (m, 2 H, CHCH,, CHCH,0H), 4.01 (t, J
=4 Hz, 1 H, CHOBD), 3.80 (t,J = 4 Hz, 1 H, CHOBn), 3.70-3.67
(m, 2 H, CH,0H), 2.15 (s(br), 1 H, CH,0H), 1.32 (d, J = 6 Hz,
3 H, CHj); 13C NMR (50.3 MHz, CDCly) é 137.6, 137.6, 128.5,
128.4, 127.8, 1217.7, 1217.6, 88.6, 84.5, 82.6, 78.5, 72.1, 71.8, 62.8,
19.0; HRMS (FAB) caled for C20H2404 328.1675, found 328.1648.
Stereochemistry of the Rearranged Products: Deriva-
tization to Known Compounds. 1,3,4,6-Tetra-0O-benzyl-2,5-
anhydro-pD-mannitol. To a solution of 91 mg (0.209 mmol) of
2,5-anhydro-D-mannitol (8a) in 2 mL of DMF was added 10 mg
(0.251 mmol) of NaH (60% in oil) and 30 uL (0.251 (mmol) of
benzyl bromide. The reaction was stirred for 2 h at room
temperature after which time TLC analysis showed complete
consumption of starting material. Water was slowly added, and
the resulting solution was diluted with ether. The organic layer
was washed with 5% aqueous HC1 (4 X 5 mL), saturated aqueous
NaHCO; (5 mL), brine (5 mL), dried over MgSO,, and concen-
trated under reduced pressure. The residue was chromato-
graphed on silica gel (10% EtOAc/hexanes) to afford 103 mg
(94%) of the tetra-O-benzyl derivative containing the analogous
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D-glucitol derivatives (<10%) that was identical in all respects
to known material:® RB;0.27 (10% EtOAc/hexanes); {a]p +10.72°
(c 3.19, CHCl;); 'H NMR (200 MHz, CDCl3) 6 7.32-7.22 (m, 20
H, Ph), 4.55 (s, 4 H, CH;Ph), 4.48 (s, 4 H, CH,Ph), 4.26~4.18 (m,
2 H, CHCH;OBn), 4.07 (m, 2 H, CHOBn), 3.59 (d, J = 6 Hz, 4
H, CH;OBn); }3C NMR (50.3 MHz, CDCl;) 6 138.1, 137.9, 128.3,
127.7, 127.5, 84.9, 81.8, 73.3, 71.8, 70.2,

1,3,4,6-Tetra-O-benzyl-2,5-anhydro-p-glucitol:*® R, 0.27
(10% EtOAc/hexanes); [a]p +24.9° (¢ 4.28, CHCly); 'H NMR
(200 MHz, CDCly) 6 7.40~7.17 (m, 20 H, Ph), 4.64-4.34 (m, 8 H,
CH,Ph), 4.29-4.22 (m, 1 H, CHCHgOBn), 4.14-4.08 (m, 1 H,
CHCH;0Bn), 3.98-3.94 (m, 2 H, CHOBn), 3.78 (dd, J = 10,6 Hz,
1 H, CH,0Bn), 3.71 (dd, J = 10, 6 Hz, 1 H, CH;OBn), 3.64 (dd,
J =10, 6 Hz, CH,0Bn), 3.52 (dd, J = 10, 7 Hz, 1 H, CH,0Bn);
13C NMR (50.3 MHz, CDCl;) § 138.2, 137.8, 137.8, 128.3, 128.3,
127.7, 127.6, 127.5, 83.7, 82.7, 82.6, 80.1, 73.4, 73.2, 71.5, 71.4,
70.4, 68.3.

1,1-Dimethoxy-3,4,6-tri- O-benzyl-2,5-anhydro-D-manni-
tol (17). To a solution of 132.4 mg (0.222 mmol) of the triflate
16 in 3.1 mL of DMF was added 178 xL. (2.21 mmol) of pyridine
and 714 L (17.6 mmol) of MEOH. The reaction flask was placed
in an oil bath that had been preheated to 160 °C. The mixture
was heated at that temperature for 5 min and then cooled to
room temperature. The solution was then diluted with 50%
Et,0/EtOAc, the organic layer was washed with water (5 X 5
mL), and the combined aqueous layers were subsequently washed
with EtOAc (5 X 5 mL). The combined organic layers were
washed with saturated aqueous NaHCOQ; and saturated aqueous
NaCl, dried over MgS0O,, and concentrated under reduced
pressure. The residue was chromatographed on silica gel using
25% EtOAc/hexanes as eluent to produce 103 mg (97%) of the
desired glucofuranoside 17: R;0.34 (15% EtOAc/petroleum ether
35-60 °C); [alp + 2.62° (¢ 5.58, CHCl;); 'H NMR (200 MHz,
CDCly) 6 7.86-7.21 (m, 15 H, Ph), 4.60-4.49 (m, 6 H, CH,Ph),
4.40 (d, J = 6.2 Hz, 1 H, CH(OMe),), 4.25 (dt, J = 5.9, 4.0 Hz,
1 H, CHCH;0Bn), 4.16-4.05 (m, 3 H, CHOBn, Ch.CH(OMe),),
3.59 d, J = 5.9 Hz, 2 H, CH,0Bn), 3.43 (s, 3 H, OCHy), 3.40 (s,
3 H, OCHy); 13C NMR (50.3 MHz, CDCl;) & 138.2, 137.9, 137.8,
128.3,127.8,127.7,127.6,127.5,127.2, 103.6, 84.7, 84.6, 83.0, 82.0,
73.3, 71.8, 69.8, 55.4, 53.8; HRMS (FAB) caled for CyoH3304
477.2271, found 477.2325.

General Procedure for the in Situ Protection. 3,3-
Dimethylcyclopropylmethanol (tert-Butyldiphenylsilyl)-
oxy Ether (15). After the triflate 14 had been submited to ring
contraction conditions (0.107 mmol scale), the reaction was cooled
to room temperature and 200 mg of dry MgSO, was added. The
resulting slurry was stirred for 6 h and then filtered to remove
MgSO,. Thesolution was concentrated toca. 3mL with astream
of dry nitrogen. Freshly activated molecular sieves (200 mg, 3
A) were then added, and after 12 h, 30 mg (0.428 mmol) of
imidazole and 112 uL (0.428 mmol) of tert-butyldiphenylsilyl
chloride were successively added. After 3 h of stirring at room
temperature, the reaction was quenched with water and diluted
with 50% Et,0/EtOAc. The aqueous layer was washed with 5
mL of EtOAc, and the combined organic layers were washed
with water (4 X 5 mL) and brine (5 mL), dried over MgSQ,, and
concentrated under reduced pressure. The residue was purified
by preparative TLC (1% EtOAc/hexanes) to afford 21.5mg (60%)
of cyclopropylmethanol 15: R;0.14 (petroleum ether 35-60 °C);
[alp +1.94° (¢ 1.75, CHCl,); 'H NMR (200 MHz, CDCly) & 7.71-
7.67 (m, 4 H, Ph), 7.46-7.33 (m, 8 H, Ph), 3.79 (dd, J = 11, 6 Hz,
1 H, CH,OTBDPS), 3.52 (dd, J = 11, 8 Hz, 1 H, CH,OTBDPS),
1.05 (s, 9 H, (CH3)3C), 1.05-0.83 (m, 7 H, (CH3).C, CHzCHcyclop),
0.37 (dd, J = 9, 4 Hz, 1 H, CHayelopr), 0.00 (¢, J = 5 Hz, 1 H,
CHeyeiopr); °C NMR (50.3 MHz, CDCl,) 6§ 135.6, 134.3, 129.4,
127.5, 65.1, 27.3, 26.9, 26.4, 19.9, 19.2, 18.1, 15.8; HRMS (FAB)
caled for C;sH208i 281.1362, found 281.1343.

2-Deoxy-3,4,6-tri- O-benzyl-D-glucopyranose (18). To a
solution of 34.2 mg (0.079 mmol) of aldehyde 4 in 1 mL of THF
was added 500 uL of anhyd MeOH. The solution was cooled to
-78 °C, and 1.58 mL of a solution of Sml; in THF (0.1 M) was
added over 30 min. The reaction was then allowed to warm to
-40 °C over 1 h and kept at that temperature for an additional
1 h, after which time TLC analysis showed the complete
consumption of starting material. The blue solution was then
warmed to 0 °C (turned colorless at ca. -20 °C), and H:0 was
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added. The organic layer was diluted with 50% Et,O/EtOAc.
The aqueous layer was washed with EtQOAc¢ (6 mL), and the
combined organic layers were washed with water (5 mL) and
brine (5 mL), dried over MgSQ,, and concentrated under reduced
pressure. The residue was purified by preparative TLC (40%
EtOAc/hexanes) to afford 25.6 mg (75% ) of 2-deoxyglucopyranose
18 that was identical in all respects to material prepared from
tri-O-benzyl-D-glucal (aqueous HCI).

Tri-O-benzyl-p-glucal (19). To asolution of 95.4 mg (0.219
mmol) of glucopyranose 18 in 2.2 mL of CH,Cl, was added 434
uL (3.285 mol) of s-collidine. The resulting clear solution was
cooled to 0 °C, and 76 mg (0.439 mmol) of methanesulfonic
anhydride was added in one portion. After 6 h of stirring at 0
°C, the brown solution was quenched with 1 mL of saturated

Charette and Coté

aqueous NaHCO;. The mixture was diluted with water and 50%
Et0/EtOAc. The aqueous layer was extracted with 50% Et,0/
EtOAc (8 X 56 mL). The combined organic layers were washed
with water (3 X 5 mL) and brine (5 mL), dried over MgSO,, and
concentrated under reduced pressure. The residue was filtered
through a short pad of silica gel (10% EtOAc/hexanes) to afford
81 mg (89%) of tri-O-benzyl-D-glucal (19) that was identical in
all respects to known material.
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