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The stereodivergent construction of cyclic ethers remains an Scheme 1

important area of synthetic interest, particularly given the ubiquity BiXs

of C-glycoside derivatives in natural and unnatural pharmacologi- Hzoxi\' .

cally important agentsBismuth(lll) halides are inexpensive and R,Q,,,Nu XBi=0 RJ\/OIO
environmentally benign reagents, which have been utilized as mild v HX (29 i SR,
Lewis acid catalysts for an array of synthetic transformatfons. R4SIOSiRs

Herein, we describe a series of stereoselectiveamolecular RqSiNu )

etherification reactions af-trialkylsilyloxy aldehydes and ketones RaSIOH

1, using catalytic bismuth tribromide and various trialkylsilyl @ )\/D\
nucleophiles for the construction @fis- and trans-2,6-di- and Rom X . Cé)ms OQ_

trisubstituted tetrahydropyrargs(eq 1)*
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The mechanistic hypothesis, outlined in Scheme 1, describes theé?ﬁéiifliéatggcédeﬁg{;r? f(gaechiI: (g EBE?. ',glth:e g,V]V.°F‘§°=mﬁ,‘?’,‘§J‘ t=
basis of the two-component etherification reaction. Since bismuth- CH,CH=CH,)
(1) trihalides are known to readily undergo hydrolysis to afford

. . o | - entry catalyst® mol % additive ratio of 2a:3a8f (%) yield?

bismuth oxyhalides and the requisite Brgnsted &gide anticipated - -

that the latter would promote the formation iof which should ; B'?“ 10 Hz_ob iggi gg
then undergan situ desilylation to afford the lactaiii .6 Acid- 3 4A sieves NA 0
catalyzed dehydration @f could then lead to the formation of the 4 " " DTBMPH NA 0
oxocarbenium ioniv and facilitate axial nucleophilic attack to 5 HBr 20 - 299:1 34
furnish the cyclic ethev.” The potential advantage of this approach ? TESBY . 4A sieves >’;S- 1 gz
over that involving a Lewis acid is the unusual chemoselectivity, g " " 4A sieves NA 0
which will provide a powerful tool for the construction of cyclic 9 " BrBi=0d >99:1 ot

ethers. This selectivity is presumably the result of the low reactivity =~ 10 BrBi=0 " - NA 0

of the protonated carbonyl, which requires addition of the pendant a Al i od out o1 | i o i@
: . . H reactions were carried out on a 0.1 mmol reaction scale I3

.tr|orsgan03|lyloxy group .to afford the morg reactive oxocarpen|um at room temperature using 3 equiv of allyltrimethylsilah&0 equiv based

ion® Moreover, the acid concentration is modulated using the on BiBrs. ¢ Molecular sieves were activated at 150 under high vacuum.

hydrolysis of the triorganosilyl halide, making it an exceedingly 920 mol % based otia ®Ratios of diastereoisomers were determined by
mild and convenient method. capillary GLC analysisf Thecis-diastereoisome3awas prepared from the

L . . ketonevia a reductive etherification reactiofGLC yields." The addition
Preliminary studies demonstrated that the nature of the bismuth- o 4A molecular sieves to this reaction also led to no observable reaction.

(1) halide was inconsequential in terms of both efficiency and

selectivity (Cl~ Br - l_)' In light ‘?f this fac't we elected t_o_ utilize of the desired product (entries 3, 6, and8This idea was further
the less expensive B|Br|nterestlngly, Whllg the selectlvny.V\./as supported by the addition of 2,6-tét-butyl-4-methylpyridine
unaffected by the nature of the triorganosilyl ether, the efficiency (DTBMP), which neutralizes the hydrogen bromide and leads to

of the re_actign was found t>° be directly gelate_d_ to the r_ate of no observable reaction (entry 4). The relatively poor catalytic
protodesilylation (TMS~ TES > TBS>> TIPS)? Additional studies activity of HBr and triethylsilyl bromide (entries 5 and 7) prompted

using pendant triethylsilyl ethers then fopused on prOVidir,]g evider)ce additional studies to determine the potential role of bismuth in the
for the proposed hypothesis outlined in Scheme 1. Initial studies 1o tion  Interestingly, the addition of an equimolar amount of
examined the proposgl that Bigor trl_ethylsnyl bromide provided BrBi=0 appears to reconstitute the catalytic activity (entries 7 and
a source of HBr, which then func.tlons. as the catglyst (Tablle.l, 10 vs 9).1* Further investigations are underway to determine the
entries 1, 5, a_md 7_). Consistent Wlth this hypothesis, thg addition precise role of the BrB#O.
of water to BiBg did not prove detnmental 0 the reaction a_md Table 2 outlines the scope of the two-component etherification
fur_ther supports the notion that t_h_e Bifs npt acting as a Lewls reaction in terms of various nucleophiles. This study demonstrated
acid (entry 2). Moreover, the addition of activated molecular sieves that o-triethylsilyloxy-substituted aldehydes and ketones serve as
T Sabbatical Leave from the Department of Chemistry, College of William and substrates for the eth,enflcatlon react.IOH. Interestingly, wh'le the
Mary, P.O. Box 8795, Williamsburg, VA 23187-8795. two-component coupling reactions with carbon nucleophiles fur-

to each of these reagents, to sequester HBr and water, gave none
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Table 2. Scope of the Tandem Two-Component Etherification
Reactions (eq 1; 1, R = Et; Rl = Bn)2

entry 1;R?=  RsSi-Nu® cyclic ether 2/3 Nu = ds=2:3°  vyield (%)
1 H A -CH,CH=CH;, a >99:1¢ 90
2 Me A " b =191 88
3 H B -CH=C=CH; c =219 80
4 Me B " d =191 72
5 H C -CHC(O)CHs; e =191 73
6 Me C " f >19:1 80
7 H D -H g =191 85
8 Me D " h  >99:1d 95

aAll reactions were carried out on a 6:R.3 mmol reaction scale in
CH3CN at room temperature using-30 mol % BiBr and 1.2-3.0 equiv.
of RsSi-Nu. PA = MesSiCH,CH=CH,; B = Me;3SiCH,C=CH; C =
CH,=C(OSiMe)CHs; D = E3SiH. ¢ Ratios of diastereoisomers were
determined by 400 MHZH NMR on the crude reaction mixture unless
otherwise indicated! Determined by capillary GLCE Contaminated with
5—-10% of the propargylated derivativelsolated yields.

nished thetrans-diastereoisomer (entries—5),2 the reductive
coupling furnished thecis-diastereoisomer consistent with axial
addition of the nucleophile (entries 7 and'8}*

H
BiBr; (1 eq)

o
3
L/\IjD'COMe MeCN, RT

Me Sigy,  TMSCH,CH=CH,
4 77-81%

We envisioned that the stereoselective construction of adjacent
tertiary ethers would prove challenging and thereby highlight the
synthetic utility of thetandemwo-component etherification reaction
(eq 2). Treatment of the triethylsilyl ethdwith BiBr; and excess
allyltrimethylsilane at room temperature furnished the bicyclic
tetrahydropyran derivatives/6 in 77—81% vyield, with excellent
diastereoselectivity favorin§.’>6 The ability to accomplish the
selective formation of thibis-tertiary ether from theis-ring fusion
is particularly interesting given there are potentially two conformers
of the oxocarbenium ion. Indeed, the stereochemical outcome is
consistent with the Woerpel mod€lwhich predicts the 4-alkoxy
substituent will adopt a pseudoaxial orientation in the transition
state, thereby favoring thieans-addition of the allylsilane.

BiBr; (1
p ﬂos'P () Bibey { o) m 3)
cHo MeCN/CHClL, o™ N0 0" s

7 SlMea 8 SlMe3 (i) Et;SiH, RT 9
73% d5299 1

Encouraged by the preliminary results in Table 2, we also
examined the feasibility of aequentialtwo-component reaction
that involved anntermolecular addition followed by amtramo-
lecular reductive etherification as outlined in e¢>37 Treatment
of the aldehyder with excess trimethylsilyl enol ethed installs
the trans-2,6-disubstituted tetrahydropyran, which upon addition
of triethylsilane facilitates the reductive etherification to afford the
bis-tetrahydropyrar® in 73% yield with excellent diastereoselec-
tivity (by GLC, eq 3). Hence, this cross-coupling reaction provides
a one-step method for the installation of nonadjacent tetrahydro-
pyran rings having complementary stereochemistry.

In conclusion, we have developedtandemtwo-component
etherification reaction for the stereoselective constructionisf
andtrans-2,6-di- and trisubstituted tetrahydropyran rings in which
excellent selectivity could be obtained for either stereoisomer
through the judicious choice of the nucleophile and substrate. This
work also provides compelling evidence for hydrogen bromide and
bismuth oxybromide to be responsible for the catalysis. The

synthetic utility of this protocol is highlighted in the ability to
construct adjacent tertiary ethers in a highly stereoselective manner
and the sequentialtwo-component cross-coupling followed by
reductive etherification process for the expiditious synthesis of
nonadjacent tetrahydropyrans. These methods will undoubtedly be
widely applicable to target-directed synthesis.
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