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Reactions run in tandem can generate desired targets efficientlyproducts] and nucleoside antibiotié&sA number of groups have

in a single reaction vessel without the need to purify at eachlstep. exploited RCM as a methodology to synthesize such ethers. Direct
A particularly attractive tandem process occurs when two or more access into enol ethers had been limited initially to°Mo Ti
sequential reactions are mediated by the same catalytic precursorreagentd? Traditionally, vinyl ethers have been poor substrates in
The ability of Grubbs’ ruthenium alkylidene& &nd2) to function Ru-catalyzed olefin metatheses; however, in recent years several
as procatalysts for olefin metathegemtom-transfer reactions (eq  groups have developed successful RCM approaches toward cyclic
1), and olefin hydrogenations (eq 2) has led to several examplesenol etherdl1? In this communication we describe a tandem
where combinations of these transformations provide efficient new protocol; a RCM-olefin isomerization that affords cyclic enol ethers

entries into useful products. directly from easily prepared dienés.

Identifying reaction conditions that convert reliably the metath-
olefin metathesis radical atom transfer esis-active ruthenium alkylidene into an isomerization catalyst was
AR F%\o%. Ro~_R —X - R R (eq1) the first step in developing the tandem process. Solvents, including

Tam) Tor2 R benzene and methylene chloride, with a series of additives, such
o1 POrs Mesé\llYNMes ‘ ‘ as HCQH, NaBH;CN, NaOMe/MeOH, and Kwere screened for
p "’qu=\ o’eg’z’ ”Vd’g?e”a”""n 2) their ability to enhance the olefin isomerization activity of
cﬂ%”: of pCYGP; e Y complexesl and 2. This study revealed that the treatment of

ruthenium alkyliden& in CH,Cl, with small amounts of Kleads
) ) ) ~ reproducibly to an olefin isomerization-active catalyst. Further
~ During studies on new olefin metatheses, we noted that olefin oimization allowed for the convenient preparation of the cyclic
isomerizations interfere occasionally with the metathesis process. gno| ethers by modifying the ruthenium alkylidene with a 9555 N
This observation has been reported by others and has been exploiteqii2 gas mixturé# Diluting the H with N, affects the desired
recently in a deprotection of allyl ethers and amitiemfortunately, jsomerization while keeping the competing olefin hydrogenation
the ruthenium species derived from the Grubbs’ catalyst responsible o ction to<10%.
for this activity is unclear. While commercially available, unpurified As summarized in Table 1, a series of enol ethers was generated
ruthenium alkylidenes can effect the isomerization reaction, purified i, 46—749% yields in a single reaction vessel from readily prepared
alkylidenes possess only the metathesis actfvity. dienests Entries 1, 2, and 6 in Table 1 indicate that five-, six-, and
To address the unpredictable and sporadic nature of the geyen-membered cyclic enol ethers can be generated through this
transformation, we sought to determine modifications to the ruthenium-catalyzed tandem process. Entriess 3suggest that
ruthenium complex that facilitate the olefin isomerization relative - gjectron-rich and -deficient aromatic substrates, as well as aliphatic
to other processes. Moreover, identifying conditions that isomerize gienes, are suitable precursors. As evident in entry 8, tosyl enamides
olefins selectively offers the opportunity to execute sequentially ~5n also be prepared in a manner analogous to that for the enol
an olefin metathesis and an olefin isomerization in one reaction oihersi6 Entries 6 and 7 demonstrate that the isomerization can

vessel with the addition of only one metal precursmward this convert the isomeric RCM products to the same seven-membered
objective, we report herein a new tandem process that generates ring enol etherl4.

cyclic enol ethers through a ruthenium alkylidene-catalyzed ring-

closing metathesis (RCM) of acyclic dienes followed by a ruthenium 15 13
hydride-catalyzed olefin isomerization of the resulting RCM RCM | RCM |
products (eq 3). Ph. O— Ph_ O— Ph_ O— Ph_O~ Ph_0O
ring closing metathesis (RCM) defnisomerization '21 18 19 20 ' 14
R X R X R X AH (-7 21 keal/mol) AH (-3.48 kcal/mol)
w  [RU=CHR1 | [RuH]
Rl e loh S o N
I oo ot o012 As illustrated in eq 4, the olefin isomerization can proceed
=0, n=12.;,m=0,1,2..

through several intermediates to provide the less substituted enol
ether 14 from either dienesl3 or 15. The absence of the more
stable enol ethe21 suggests that the isomerization is sensitive to
sterics and is unable to generate the trisubstituted enol ether. Several
*To whom correspondence should be addressed. E-mail: marc.snapper@ other observations_suppqrt this conclusion. Attempts to generate
bc.edu. enol ether26 from either diene22 or 23 were unsuccessful (eq 5);

Cyclic enol ethers play a vital role in the synthesis of bioactive
compounds such as glyc&lspolyether antibiotics and natural
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Table 1. Cyclic Enol Ethers through a Tandem Ring-Closing
Metathesis—Olefin Isomerization Sequence

entry diene enol ether yield®
Ph O Ph

(1) A \O 61%
3 A 4
Phe O Ph

/ 46%
5 6

5

)
MeO.
a a
O\/\
@) 9 10

Ph O AL

\

58%

\

X Ph\/\@ o
®) 11 12 %
A Ph o \
6) 54%
14
Pha O™y Ph~ O A
1) K 50%
15 14

®)

Ph N P
\E/ I 74%
16 \F 17

aReaction conditions: 4570 °C, CHCl, [0.03—0.05 M]. Average
isolated yield for at least two reactions.

a 4:1 mixture of benzyl ethe®4 and25 were obtained from either

of the diene precursors. In addition, when the enantiomerically
enriched dien&'” was subjected to the metathesisomerization
protocol (eq 6), the resulting enol ethémwas generated without
loss of enantiomeric purity, indicating that the isomerization does
not proceed through the achiral enol etRké&r

eSS

(242526 = 4:1:0 ratio)
Ph Ph
L ") @e
3 (65% ee€)

4 (65% ee) 27

CHZOZ
Hy, 400 C

The specific ruthenium catalyst responsible for the isomerization
is still in question.3P andH NMR studies were inconclusive;
treatment o with either H or 95:5 N:H» on a time scale similar
to that used during the reactions<3 min) revealed neither a new

to determine the specific catalytic species responsible for the olefin
isomerization activity, as well as to introduce new ruthenium-
catalyzed tandem processes, are underway.
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