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Nucleophilic addition of organozincs to 1,2-dihydropyranyl acetates represents a new, broadly defined method for the stereocontrolled synthesis
of o-substituted pyrans. The products obtained from this process are versatile materials that can be used to construct C-glycosides and other
functionalized pyran structures of import. The occurrence of pyranyl groups in both natural products and therapeutically active agents confers
added value to the studies described herein.

Substituted pyrans are ubiquitous structural elements instarting materials from either monosaccharides or through
natural products having important biological activitte®ne highly effective hetero-Diels—Alder protocols further aug-
strategy used frequently for the synthesis of these hetero-ments this chemistr§The versatile 2,3-unsaturated products
cycles conjoins carbon nucleophiles with monosaccharide- obtained from these organozinc addition reactions are
based starting materiad$. Though highly valuable, this  converted readily int&€-glycosides or other pyran structures
approach for pyran assembly is generally restricted to certainof import. Current widespread interest in such compounds
nucleophilic structural type’$:2°We have devised, therefore, as biochemical probes or as potential therapeutics provides
a new process that makes possible the facile coupling of added justification for the studies described herein.
differentially substituted organozinc reagents with 1,2-
dihydropyranyl acetate derivatives (Figure 1). This method _
is particularly advantageous for pyran synthesis because of
the availability of zinc species from organohalides and the R o..~g RCHzZni R OI ArzZnCl RN O-_Ar
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compatibility of such carbon nucleophiles with diverse =

functional groupd.The range of accessible 1,2-dihydropyran
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arenes, silyl enol ethers, and allylmetal reagéMsnoalkyl-

zinc species can be made to react withQracetylo-glucal,

but only in combination with excess molar equivalents of
promoters such as BfOEL or TMSOTT (1-6 equiv)® These
reactions afford moderate yields@fglycoside products with
a,3-anomeric ratios ranging from 2 to 9:1. To our know-
ledge, examples of arylzinc couplings with 1,2-dihydropyran
derivatives have not been describe8l. We wished to
formulate a method for organozinc additions that: 1) enables
use of both aryl- and alkyl-derived zinc reagents in the
absence of strongly reactive Lewis acids; 2) occurs with
dihydropyran substrates other than, but still including, those
prepared from sugars; and 3) gives products with luigh
anomeric stereocontrdl.In accord with these objectives, a
lead discovery was made through preliminary experiments
with acetatel (eq 1). Mixing of this compound with an 2

Ph O t=BuLli, ZnCl,
' Ph O._Ph
o+ e — - M
Et,0 =
Ac -78 525°C

1 2

solution of PhzZnCI (PhLi, ZnG) led to rapid consumption
(<1 h, 25°C) of the starting materials and furnished the
desired targe2 with >10:10/f selectivity in 88% yield.!1?
Interestingly, the choice of ED as solvent proved critical

to the success of this coupling process. Reactions performed

in THF and DME gave only small amounts®#&fter lengthy
reaction times (>16 h).
A series of substituted phenyl- and heteroarylzinc reagents

Table 1. Arylzinc Additions to 1,2-Dihydropyran Substrates
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has been tested in reactions with three structurally disparate aReported product yields are on diastereomerically pure mateuj;

dihydropyrans (Table 1). In all cases, the organozinc wa
prepared at-78 °C by transmetalation of the lithiated aryl

S

anomeric selectivities are estimated to b#0:1 for all entries except 5
and 6.P 6:1 o/p ratio based oAH NMR. ¢ 7:1 o/f ratio based oAH NMR.

species with ZnGl Subsequent coupling reactions performed
at 25°C smoothly afforded the--anomeric product as the
predominant stereocisomer (6 to 10:1 ds) in isolated yields
of 66—88%. Aryl substitution with either electron-withdraw-
ing or -donating groups appears to have little influence on
coupling rates or efficiencies. Importantly, the presence of

(6) (@) Thorn, S. N.; Gallagher, Bynlett1996, 185—187. (b) Dorgan,

B. J.; Jackson, R. F. WSynlett1996, 859—861. (c) Orsini, F.; Pelizzoni,
F. Carbohydr. Res1993,243, 183—189. Also, see: Comins, D. L.; Foley,
M. A. Tetrahedron Lett1988,29, 6711—6714.

(7) Dunkerton has described a unique, Pd-catalyzed coupling of phenyl-,
tolyl-, and naphthylzinc chloride with C1-acetoxy 2,3-unsaturated pyrans;
see: (a) Dunkerton, L. V.; Euske, J. M.; Serino, A.Carbohydr. Res.
1987 171, 89-107. (b) Dunkerton, L. V.; Serino, A. J. Org. Chem1982
47, 2814—2816.

(8) Aryl Grignards add to glycal derivatives under Pd- or Ni-catalysis;
see: Moineau, C.; Bolitt, V.; Sinou, 3. Org. Chem1998,63, 582—591.
Also, see: Frappa, |.; Sinou, D. Carbohydr. Cheml997,16, 255—276.

(9) For C-arylglycoside synthesis with ArB(Okl)see: Ramnauth, J.;
Poulin, O.; Rakhit, S.; Maddaford, S. Prg. Lett.2001,3, 2013—2015.

(10) Dihydropyran starting materials were prepared following published
protocols; see: (a) Rainier, J. D.; Allwein, S. P.; Cox, J.JMOrg. Chem.
2001, 66, 1380—1386. (b) Paterson, l.; Smith, J. D.; Ward, R. A.
Tetrahedron1995,51, 9413—9436. (c) Danishefsky, S. J.; DeNinno, S.;
Lartey, P.J. Am. Chem. S0d.987,109, 2082—2089.

(11) Product stereochemistry was assigned on the basisl MR
coupling constants andH NMR NOE measurements; see Supporting
Information for details. Formation of the-anomer as the predominant
stereoisomer is consistent with either agflSor S2'-type addition.

(12) In each entry indicated to hawel0:1 diastereoselectivity, trace
amounts of thgg-pyranoside are identified in tHeél NMR of the unpurified
reaction mixture.
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silyl ether, ester, and carbamate functional groups is tolerated
under the reaction conditions (entries :9%. Following
our protocol, certain heteroaromatic-derived zinc reagents
(entries 3, 5, 6) also proved viable as coupling partners.
Collectively, these findings highlight a new, facile, and
generally applicable method for the synthesi€eadrylpyrano-
sides?e:13

We wished to extend further the organozimihydropyran
coupling method to include substrates derived from alkyl-
halides. Studies to this end focused specifically on protocols
that would make possible the generation of alkylzinc species
with Zn metal, thereby obviating use of lithium carbanion
reagents and low-temperature reaction conditions. Methods
for Zn insertion into alkylhalides that employ polar, coor-
dinating solvent media (e.g., NMP, DMA), however, proved
incompatible with dihydropyran couplingThe reactivity of
alkylzinc reagents prepared from Zn(Cu) couple in toluene
(65 °C) using only 2 equiv of DMA as an essential additive
was therefore examinéé@ilUnder these conditions with added

(13) C-Arylpyranosides have demonstrated therapeutic activity, see: (a)
Kirshning, A.; Chen, G.-w.; Dréger, G.; Schuberth, |.; Tietze Biorg.
Med. Chem2000,8, 2347—2354. (b) Kuribayashi, T.; Ohkawa, N.; Satoh,
S. Biorg. Med. Chem. Lett1998,8, 3307—3310.
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1to give the Cl-alkylatedy-anomeric product in 72% yield

ZnCl,, the homoenolate, EEGCH,CH,Znl 3, reacted with 'BuPhZSiO/\fj““\CozEt m-CPBA 'BuPhZSio/\i’%“\oozEt )
=
(Table 2, entry 1). In subsequent investigations we have

cal,
4 70%, 10:1 ds 5

cat. OsO,
—_—

Table 2. Alkylzinc Additions to 1,2-Dihydropyran Substrates 'BuMe,SIO )

o) Zn(Cu), ZnCl 2 . OR DABCO
1 7 5
R | + ICH,R2 —————» R1/\[/\OJ\\\CH29 AcO acetone/H,0
toluene/DMA & 6 82%, >20:1 ds R = SiMe,'Bu 7
Ac

compound is representative of aGAglycoside substructures

entry ICH,R? product R yield? > ) -
found commonly in the angucycline family of natural
1 00 R‘/\(OJ“‘\/COZE‘ CHyPh 72 productst®17 In addition, bicyclic products9 and 11, can
& 0SiPh,'Bu 72 .. . . .
be assembled efficiently through iodolactonization and
2 ~com . /Ioj“‘\coga CHaPh 60 palladium-catalyzedr-allyl ring closures (egs 4, 5). These
Z OSiPh,'Bu 60

0SiPh,'Bu 63 65%

AN O
4 o /\Lj \L CHaPh 67
-

I, NaOH ) Ocin
o BuPh,Si0 O ™o H 2 BuPh,SIO /Eo @)
3 S R /\(J j\/ CHoPh 63 P THF "0
= = |
9

CO-E Pd(PPhy), H
. Ou —— 'BuMe,SiO o 5)
5 0,0 R /\(J I CHyPh 69 Pr,NEt “ S
7 Soceu 80% H

aReported product yields are on diastereomerically pure mateuje;
anomeric selectivities are estimated to ba01b0ptlma| reaction heterocycles can function as useful scaffolds for Crea“ng
conditions use ChCl, as solvent, see Supporting Information for full details. . . .
added molecular complexity and thus may find multiple
applications in synthesis.

i - . . . Nucleophilic addition of organozincs to dihydropyranyl
shown that 1,2-dihydropyrans participate in reactions with acetates represents a new, broadly defined method for

both ester-derived and unsaturated alkylzinc reagents (entries'5 tereocontrolledi-ovran svnthesis. The advantages of this
2—5). The availability of the starting materials and the Py Y . 9

smplty of ne expermental protocol ke i couping FPEE52 1 e PPN o) s evayopyans
process particularly well-suited for the preparatiotrahs- and the flexibility of the unsa‘:urgted hydropyran products
2,6-dialkyl-substituted pyrans. Structural units of this type for further f t'y | oulati y c pﬁ. 3 ffort
are found in a number of important macrolide antibiotics or further functional group manipulation. Continued efforts

but, in general, require more indirect methods for prepara- 0 explon organometallhc-based reaction strategies for as-
tion 15 sembling complex cyclic ether and cyclic amine derivatives

Products obtained from organozinc—dihydropyran cou- are ongoing.
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Tamaru, Y.; Ochiai, H.: Nakamura, T.. Tsubaki, K. Yoshida, Z.-i. Supporting Information Available: General experimen-

Tetrahedron Lett1985,26, 5559—-5562. tal protocols and characterization data for all new com-
(15) Examples of such natural products include: (a) Ghosh, A. K.; Wang, ds. Thi terial i ilable f f ch ia th
Y. J. Am. Chem. So2000,122, 11027-41028. (b) Nicolaou, K. C.; Patron, ~ POUNAs. This material 1S availlable iree or charge via the

A. P.; Ajito, K.; Richter, P. K.; Khatuya, H.; Bertinato, P.; Miller, R. A.;  Internet at http://pubs.acs.org.
Tomaszewski, M. JThem. Eur. J1996 2, 847—868. (c) Paterson, I.; Smith,
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(16) Stereochemical assignments basedtd™NMR coupling constant
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