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Abstract: Carbohydrate-derived propargylic esters react with
Et,Zn and catalytic Pd(0), in the presence of aL ewisacid, to gener-
ate nucleophilic allenyl metal species capable of intramolecular ad-
dition to atethered carbonyl group. This results in the formation of
enantiomerically purefunctionalized cyclopentaneswith high stere-
oselectivity and in preparatively useful yields. A high preferenceis
observed for a trans relationship between the alkynyl and OH
groups in the cyclopentane products, implying that the cyclization
proceeds through open transition states.
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The stereoselective synthesis of densely functionalized
carbocycles from carbohydrate starting materialsis atop-
ic of current interest.! We have recently reported that
treatment of modified carbohydrates 1 with the one-€lec-
tron reducing agent Sml, and a catalytic amount of Pd(0)
brings about the formation of homopropargyl cyclopen-
tanols 4 (Scheme 1).2 These transformations are thought
to proceed through the intermediacy of Pd(l1)-complexes
2 resulting from Pd(0)-promoted carbohydrate ring-open-
ing. Intermediates 2 are then reduced in situ with two
equivaents of Sml,, presumably generating the cyclizing
carbanionic species 3 and regenerating the Pd(0) catalyst.
Access to intermediates analogous to 2 and 3 can aso be
gained, under similar treatment with Sml,/Pd(0),2 from
non-carbohydrate open-chain propargylic esters 5 with a
tethered carbonyl group. These two methods for prepara-
tion of carbocycles 4 are complementary in that the con-
version 5 — 4isonly effective for ketone substrates (R? #
H)® whereas substrates 1 (R?= H) function as aldehyde
equivalents.? Therefore, the scope of this general strategy
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for conversion of carbohydrates into carbocycles would
be significantly expanded with the use of substrates 5 de-
rived from carbohydrates. In this manner, a more diverse
array of enantiomerically pure cyclopentanes 4, with R?
H, would become readily available.

In related work, the transmetal ation of analogous allenyl-
Pd(I1) complexes 6 with Et,Zn or Inl has been utilized to
generate the corresponding organometallic species 7 or 8,
respectively, capable of intermolecular addition to a car-
bony! derivative to yield homopropargyl acohols 10 with
excellent stereocontrol (Scheme 2).# The intramolecular
application of these processes to effect carbohydrate-to-
carbocycle conversions of thetype 1, 5 — 4 through inter-
mediates 3 (MLn = ZnX, InlX), would be also avaluable
addition to the synthetic chemist repertoire. This paper re-
ports our preliminary resultsin this area.
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Appropriate model substratesfor this study were prepared
from commercial 2,3,4,6-tetra-O-benzylglucopyranose
(11) in three steps as outlined in Scheme 3. Key to this
straightforward synthesis was the chemoselective
benzoylation® of propargylic acohols 12. Oxidation of the
remaining secondary hydroxyl group in benzoates 13 af -
forded the corresponding ketones 14.
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Scheme3 &) H-C=C-MgBr; b) BnO(CH),),-C=C-Li; c) BzCl, Pyr.;
d) PCC, NaOAc; €) Sml,, t-BuOH

Treatment of 14a with either Sml,/Pd(0) or Et,Zn/Pd(0),
led to substantial degradation whereupon methyl ketone
15a and benzyl alcohol were isolated in low yields. Ke-
tones 15 were independently prepared in high yield by
treatment of 14 with Smi,/t-BuOH® and their reactivity
with both Sml,/Pd(0) and Et,Zn/Pd(0) was tested.

The reactions of methyl ketones 15 with Sml.,/Pd(0) re-
sulted again in degradation, with benzyl alcohol being the
only identified product. On the other hand, the same sub-
strates produced cyclopentanes 16 when treated with
Et,Zn/Pd(0) in the presence of an external Lewis acid
(Scheme 4). In the absence of this no reaction was ob-
served at room temperature and higher temperaturesledto
the degradation of 15. The stereochemistry of cyclopen-
tanes 16 was unambiguously determined with the aid of
'H NMR NOE experiments.”
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Scheme 4

A number of reaction conditions have been tested by
changing solvent, Pd catalyst and Lewis acid. So far,

Y b(OTf); has been found to be the most effective Lewis
acid to promote these reactions. ZnCl,, TiCl, and TM SCI
gaveinferior resultsand TM SOTT led only to degradation.
Asfor the Pd(0) catalyst, Pd(PPh,),, Pd(OAc),*4PBu; and
Pd,(dba);*4PBu,; were all found to give good yields of 16.
Pd,(dba);+4PPh; and Pd(OAcC),*4PPh,; gave inferior re-
sults while PdCl,(dppf), and Pd(OAc),»PPh.? were inef-
fective. Both THF and benzene are useful solvents for
these reactions. CH,CI, has al so been effective but its gen-
eralized use was not explored. For practical purposes, the
combination of YDb(OTf); as Lewis acid with a
Pd(OAc),*4PBu, catalyst and benzene as solvent gave the
best results in terms of combined yields and diastereose-
lectivities.® Under these conditions, one diastereoisomer
was obtained as a single or very major product in prepar-
atively useful yields (Scheme 4).

Interestingly, the stereochemical course of these reactions
departs from that reported for the corresponding intermo-
lecular additions of allenylzinc reagents to aldehydes.® In
the latter cases the formation of a configurationally stable
key allenylzinc intermediate 7 takes place with net inver-
sion of configuration from precursor propargylic mesy-
lates. Carbonyl addition then proceeds through a chelated
cyclic transition state 9 (Scheme 2).8 A similar arrange-
ment, i.e 17, in our cyclizations would lead to a product
with a cis relationship between the akynyl and OH
groups. However, the major diastereoisomer formed dis-
played instead a trans relationship between those groups
implying that open transition states 18 are probably in-
volved in the formation of 16. One reasonable explanation
for thisbehavior isthat coordination of the carbonyl group
to the strong Lewis acid Yb(OTf),° is the stereocontrol-
ling factor'**2 in our reactions.
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In conclusion, propargylic esters with atethered carbonyl
group are prepared in few steps from carbohydrate precur-
sors. These esters react with Et,Zn and catalytic Pd(0) in
the presence of aLewisacid to generate nucleophilic alle-
nyl metal species that undergo intramolecular carbonyl
addition to afford enantiomerically pure, densely func-
tionalized cyclopentanes with high diastereosel ectivity.
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