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ABSTRACT

Ring closing metathesis and tandem RCM
from a common precursor. The products of the tandem RCM

—isomerization have been applied to the synthesis of six- to eight-membered oxacycles, starting
—isomerization sequence are glycals of 3-deoxyheptoses of varying ring size.

Glycals! cyclic enol ethers derived from or related to

number of successful enol ether metathesis reactions have

carbohydrates, have found numerous applications in the totalbeen reported,the method is often associated with some

synthesis of natural produét®r in the construction of
oligosaccharide chairfsWhile the reduction of glycosyl
bromides, first introduced by Fischer and Zd&alemains a
reliable, well-established and improvezynthesis for many

drawbacks as high dilution and, in most cases, the more
active but less conveniently available molybdeAtirar
second generation ruthenium catalystre required. Fur-
thermore, undesired non-metathesis side reactions such as

derivatives, several other methods have been developedsomerizatiof? may occur if a metathesis catalyst reacts with
which are especially suited for non-natural derivatives or for electron-rich olefins such as vinyl ethé?sThese issues have
glycals which are derived from less common sugars. Among recently been addressed by the development of a taltdem

these, the hetero-DietdAlder reaction is particularly im-

RCM—isomerization sequence by Snapper €f @nd by

portant? but several transition-metal-mediated reactions have ;516 \yhere a metathesis catalyst is converted to a selective
also attracted considerable attention recently. Examples arg,efin isomerization catalyst after completion of the metath-

the catalyzed endo-cyclization of alkynblsr ring closing
olefin metathesisof enol ethers. Although a significant

esis reaction.
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In this contribution, we describe the application of the the isopropanol/NaOH protoc#l?¢ NMR spectroscopy of
tandem RCM-—isomerization method to the synthesis of the crude reaction mixture revealed tHatwas the only
heptose glycals. Certain heptopyranoses are found as conproduct of the reaction, and that the presence of a base and
stituents in lipopolysaccharidésand recently, a route to  a nucleophilic cosolvent did not affect the epoxide moiety.
KDO starting from a heptopyranose glycal has been de- However,5 was found to be rather sensitive toward chro-
scribed'® The seven-membered ring sugars, septandses, matography on silica, resulting in a significantly reduced
not found in Nature but have recently attracted considerableyield. This problem was overcome by cleaving the epoxide
attention because they may serve as building blocks for non-and protecting the resulting diélas an acetonidé prior to
carbohydrate natural products or non-natural homologues ofRCM and RCM—isomerization. For both reactions, dihy-
hexoses, with significantly different conformational proper- dropyrans8 and9, respectively, were obtained in high yields

ties20:21 and selectivities. An alternative route to a monoprotected
The starting point of the current investigation was epoxide vic-diol side chain was investigated by selectively cleaving
2. We have previously obtaine?ifrom 122 by vanadium-  the epoxide moiety i3 with benzylic alcohol. The resulting

catalyzed epoxidation; however, only a poor diastereoselec-precursorl0 undergoes RCM in a fair yield of 67% dfl.
tivity was observed? Enantio- and diastereomerically pure A significantly reduced yield was obtained fb2 under the
2 was obtained in good yield by subjectifigo the conditions ~ conditions mentioned above for the tandem RCM—isomer-
of a Sharpless epoxidation using)(DET as a ligand* With ization. Thus, tandem RCM-—isomerization of partially
a view toward accessing 3-deoxyheptopyranosesyas unprotected metathesis precursors is, in principle, possible
allylated to give3, which underwent ring closure to dihy- but does not appear to be the method of choice (Scheme 1).
dropyrand in the presence of ruthenium catalystJ@ICys),- Next, an approach to septanose structures starting from
Ru=CHPh] (A) in 94% yield. Under RCMisomerization epoxide 2 was investigated. To this end, the alcohol
conditions,3 was cleanly converted to enol ethgrsing functionality in2 was protected as a benzyl etl&, which
was subsequently cleaved with benzylic alcohol to dix&®
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Scheme 1. 3-Desoxyheptopyranose Glycals Scheme 2. Septanose Glycal
Ti(OPrY), (1.2 equiv), (+)-DET PhCH,OH,
. 1 , OBn NaH, DMF, OBn BF;OEt,,
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A (5 mol %), toluene, 20 °C, then add A (5 mol %),
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and NaOH, 110 °C.
8] 0]
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I 0Bn I 0Bn
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Scheme 3. Extension to Eight-Membered Oxacycles

A (5 mol %),
PhCHZOH, A (5 mol %) toluene, 20 °C; |
BF3OEty, CH,Cly, J then add OBn H,C=CHCH,OH (10 equiv), OBn OH
0°C. CHCly. 2-propanol and S i ~9 MeONa (0.5 equiv), 65 °C. e ! o)
NaOH, 110 °C. SN N

OBn OBn
QBn OH 0Bn 9)( o8n Qj( P [BEmN  semawm,

\/'\‘/VOBn P P 110 °C, then toluene, ’ A (5 mol %),
A0 o O NaBHe, TI07C. | 11070, CH,Cl, 40°C,

3 days.
10 (quant) 8 (96 %) 9 (84 %)
|
9% A (5 mol %), toluene, 20 OBn
g:iscr;d ), °C; then add 2-propanol BnO
2V and NaOH, 110 °C. IOH
OBn QH OBn QH
~ OBn - OBn
I (0] 0O /
11 (67 %) 12 (36 %)
HOu-
OBn
. BnO=
reported that the use @& at elevated temperatures might /
result in the formation of isomerized produétsye only
19 (27 %)

observed the initial metathesis prod@€tunder our condi-
tions. A possible explanation might be that the formation of
a Ru—-hydride upon thermolysis oB is a bimolecular
proces® which will most likely proceed efficiently only at ~ NaBH,!%2°was successful, arll was obtained in good yield
catalyst loadings significantly higher than those used in our as a single isomer. The conversion X8 to 21 represents
experiments? In order to access the cyclic enol eth&r the first application of the tandem RCMsomerization
via our tandem process, the standard protocol was testedconcept to an eight-membered ring.
However, 2-propanol and NaOH as additive combination did  In conclusion, we have shown that the combination of
not give any isomerized product. Gratifyingly, the use of RCM and tandem RCMisomerization opens up promising
opportunities for the synthesis of unsaturated six- to eight-
(30) Hong, S. H.; Day, M. W.; Grubbs, R. H. Am. Chem. So2004, membered oxacycles related to heptoses. Remarkably, just
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