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ABSTRACT

RN oOH ST AQOTF @ p
R2 DCE, 83 °c

R, MOH 5 mol% AgOTf 7/& /J\/l
R o DCE, 83 °C

Intramolecular additions of hydroxyl or carboxyl groups to inert olefins catalyzed by simple silver(l) triflate are described. Good to excellent
yields can be obtained for a range of substrates under relatively mild conditions. This reaction represents one of the simplest methods to
construct cyclic ethers or lactones.

Silver-catalyzed reactions have recently begun to emerge axidation reaction&? Silver(l) is known to interact with
important methods for organic synthesBilver(l) salts have  unsaturated hydrocarbofswhile the use of silver(l) salts
been used as Lewis acids to catalyze a variety of transforma-to activate such substrates has been primarily limited to
tiong~® and also exhibit interesting activity in catalyzing allene$? and alkyne¥ so far. We have discovered that
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silver(l) triflate is an excellent catalyst for intramolecular
hydroalkoxylation and hydroacyloxylation of inert olefins.
The hydoalkoxylation of olefins has traditionally been
mediated by stoichiometric amounts of toxic metal ions,
followed by reductiort? Catalytic processes for such trans-
formations are limited, particularly for unactivated olefifis.
While palladium has been used to catalyze addition of
different nucleophiles to olefins, subsequesihydride
elimination reactions often occur to give the unsaturated
products'® Recently, platinum gold 8 tin,*® rutheniun?®
and iridiunt! have been shown to act as good catalysts for
intramolecular and intermolecular hydroalkoxylation of un-
activated olefins. These metals are either toxic or relatively
expensive. We report here a simple and economic method
for mediating such a transformation.

The cyclization reaction of 2,2-diphenyl-4-hexene-1tol
to afford the cyclic ether® or 3 was used in our initial
screening of potential catalysts. We discovered that 5 mol
% of silver(l) triflate efficiently catalyzes this reaction. The
products were obtained in excellent yiel95%) after 15
h at 83°C in 1,2-dichloroethane (Table 1). The use of other

Table 1. Efficiency of Intramolecular Hydroalkoxylation of
Olefins Mediated by Selected Lewis Acids

Ph

gar::ﬂlg VL_E " /(\/[E hPh
Ph_Ph +

NN OH DCE 0] O
1 83°C,15h 2 3

entry catalyst yield® (%)
1 CF3CO2Ag 0
2 Ce¢H5CO2Ag 0
3 AgOTs 0
4 AgNO3 0

5 AgOTf >95(10:1)
6 AgOTf/5.5 mol % of PhsP <10

7 AgOTf/5.5 mol % of (CgF5)sP 90 (10:1)
8 Zn(OTD)e 0
9 Sc(OTH)3 50

aYield based ortH NMR using an internal standard.

silver salts failed to yield the desired products as revealed
by 'H NMR (Table 1, entries 44). The reaction also

occurred in the presence of an electron-deficient ligand
(Table 1, entry 7), whereas less than 10% conversion was
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obtained when triphenylphosphine was used (Table 1, entry
6). No product was observed with Zn(OTfn a control
experiment. With Sc(OT$)as the Lewis acid, a 50% product
yield was obtained.

Further investigation into the scope of this reaction
indicated that good to excellent yields can be obtained with
a range of substrates, as shown in Table 2. The reaction gives

Table 2. Silver(l)-Catalyzed Intramolecular Addition of
Hydroxyl Groups to Olefink

entry  substrate product yield®
1 oA LD o%°
o]
2 )\/\/L 95%*
X OH 0O
Ph Ph
0
3 N oH \/(jL " ﬁ Ph ro. e
PH Ph o o :
. O Y e
OH
o]
OH Ph, Ph
Z ¥ 86%
5 /Y\/ /O + /Zj 07 )80
Ph o o 2.7:1)
HO OH
6 //DC\é 88%
o)
HO OTBDMS e
7 o 72%
HO OR
RO
o
8 R=H R=H 89%
9 R=TIPS R=TIPS 529%¢
:? R =Ac R =Ac 98%
R=Bz R=Bz 94%
12 H .g 71 %f
OH
‘ o
H
Ph
13 X OH 7Ej<Ph 84%
Ph" Ph o
14 PN oH /(j< 87%
o]

nY
=

a8 Reactions were conducted with-2 mmol of substrate and 5 mol %
of AgOTf in 4—6 mL of dichloroethane at 8%C for 15 h." Isolated yields
are reported heré.'H NMR yields based on an internal standat®atio
based on isolated yield8When 5 mol % of HOTf was used as catalyst,
the isolated yield was<10%.f Reaction completed in 36 h.
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preferentially the Markovnikov ethers as expected. Similar
regioselectivity has been observed for the platinum-based
systemt’ The reaction of terminat-hydroxyl alkenes leads
exclusively to the formation of the &xocyclization products

Org. Lett, Vol. 7, No. 21, 2005



in good to excellent yields (Table 2, entries 1, 4, and 5).
The use of a terminal monosubstituted olefin gave a mixture 1 e 4. Silver(l)-Catalyzed Intramolecular Addition of
of the 5exo and 6endo cyclic products with the ®xo Carboxylic Acids to Olefins

product significantly favored (Table 2, entry 3). However,

the 6endocyclic ethers were found to be the sole products ~Sntry__ substrate product yield?
for terminal di-substituted alkenes (Table 2, entries 2 and OH
. ’ - 1 7 9
13) and ay-hydroxyl alkene with a phenyl substitution at /\/\g/ /& 74%
the terminus (Table 2, entry 14). This reaction is general for oH
alkenes bearing various substitutions atdahg andy-carbon 2 /\><r( /ii 88%
o} o

atoms and tolerates different functional groups. The silver(l)

triflate-catalyzed hydroalkoxylation is also applicable to the

synthesis of fused- and spirobicyclic ethers in good yields

(Table 2, entries 6 and 12). 3 Q 96%
Expanding our investigation to carboxylic acids, we again

found that silver(l) triflate was the optimal catalyst while
(3.2:1)°

()
X,
S 1

with the exception of scandium(lll) triflate, though at lower
yields than silver triflate (Table 3). Similarly, the efficiency

Table 3. Efficiency of Intramolecular Additions of Carboxylic
Acids to Olefing

other silver or triflate salts failed to catalyze the reaction, 4
85%

;5;&

(]
A
T
>
o
o
I

,21 94%
. q\cd
,&O (A.7:1)

OH 5 mol% catalyst o O
= _ S mol% catalyst
/\/\[o]/ dichloroethane /(}0 ; HO OH
4 83°C.15h 5 5%
B 0]
entry catalyst yield® (%)
2 CeH5COzAg 0 8 89%¢
3 AgOTs 0 OH o
4 AgF 0
5 AgNO3 0
6 AgOTf >95 o 91%
7 Zn(OTf)s 0 /\% (1 1 10)°
8 Sc(OTo)s 70

aYield based ortH NMR using an internal standard.

a8 Reactions were conducted under the conditions described in Table 2.
b The isolated yields are reported het®atio based on isolated yield.
d Reaction completed in 36 h.

and regioselectivity of hydroacyloxylation is also sensitive
to terminal olefinic substitution (Table 4). Testing our
reaction conditions on hex-5-enoic acid resulted in the formation of the product and regeneration of the silver(l)
predominant formation of the six-membered ring (Table 4, catalyst.

entry 9), along with small amounts of the five-membered  \ye monitored the intramolecular silver(l)-catalyzed hy-

ring. The formation of the five-membered ring presumably droalkoxylation of olefinl with 'H NMR spectroscopy2
comes from olefin migration catalyzed by silver(l); similar

chemistry has been observed recently with gold(l) as ell.
The strictly cis relation of the substitutions on the two
bridgehead carbons can be always seen in the formation of ~Scheme 1. Proposed Mechanism for Hydroalkoxylation
the fused ring systems for substrates containing either an 6-endo 5-exo

alcohol (Table 2, entry 12) or a carboxylic acid (Table 4, <N N

entry 8) as the nucleophiles. [Ag] R [Ag] )
Our proposed mechanism for the silver(l) triflate-mediated R;\/j /\/\/\OH
hydroalkoxylation or hydroacyloxylation is shown in Scheme
1. The silver(l) ion binds and activates the double bond,
which is then attacked by the oxygen-nucleophile on the 7(] w
opposite face. This affords an intermediate with the newly [Ag7]
R = H, minor R = H, major

formed carbor-oxygen bond positioned trans to the silver R = Me, major R = Me, minor
carbon bond. Subsequent proton-transfer results in the
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Addition of silver(l) triflate to an equimolar solution of olefin
1in methylene chloridel, results in significant lower field Scheme 2. Investigation of Stereochemistry

shifts of the alkene proton signals in thé NMR spectrum H H
at room temperature. The similar signal shifts were also OH ;
observed at room temperature in 1,2-dichloroethdnghile AgOTH(S mol)_ (:I\/.g + g‘?
further shifts occur upon heating to 8G. The reaction was DCE. 83°C cd;' éH?

6

followed by H NMR at 80°C. A smooth formation of the 7 50% 8 25%
desired product and a steady decrease of the olefin signals

H
were observed. These results indicate that the silver(l) ion OH AgOTF (5 mol%) Y g‘;
interacts with the olefin to form a-complexX! during the 6  DeE8C Ao o+ /4 °©
cHy
9

course of the reaction. Potential release of triflic acid via EH,
metathesis of the silver(l) ion with the OH bond of the 10 36% 11 52%
substrate is not likely the mechanism. In fact, Zn(Q&id
Sc(OTfy can interact with alcohols more strongly than

silver(l). Yet, Zn(OTf} is inactive and Sc(OT#)gives @ g which silver is bound in the intermediate state, supporting
lower convertion than silver(l) triflate (Table 1). The activity proposed mechanism.

of the silver(l) ion can be tuned with I_igands_(_entries 6and |, summary, we present here the silver(l)-catalyzed
7, Table 1) and the fact that some acid-sensitive groups caninyramolecular addition of hydroxyl or carboxyl groups to
be tolerated (entries 7 and 9, Table 2) further support this ynactivated olefins to form cyclic ethers or lactones, respec-
notion. In fact, 5% HOTf was used as a control for a TIPS tively. The use of silver is economic as compared to
protected substrate (entry 9, Table 2) and less than 10% Ofgigichiometric amounts of toxic metal ions or catalytic
the desired product (with TIPS on) was isolated under the amounts of expensive transition metal ions employed previ-

same reaction conditions. _ ously. This procedure may also be expanded to other types
Two additional substratess (and 9 in Scheme 2) were  f additions to simple olefins.

prepared to probe the stereoselectivity of the silver(l)-
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