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The prevalence of saturated oxygen heterocycles in both naturally Table 1. Effect of Solvent and Phosphine on the

occurring and biologically active moleculemcluding the aceto- ~ Flatinum-Catalyzed Hydroalkoxylation of 2 Catalyzed by
X s . . [PtClo(H2C=CH2)]> (1)
genins and polyether antibiotics has fueled interest in the develop-

ment of new and efficient methods for the synthesis of cyclic OH 1 (2.5 mol%) fo) M
ethers? A particularly attractive approach to the synthesis of cyclic PR3 (5 mol%) e
ethers is via the intramolecular addition of the-B bond of an ph%i/\ 24h

alcohol across the<€C bond of a pendant olefin. Although olefin PH 2 o~ Ph Ph 3
hydroalkoxylation is catalyzed by Brgnsted acids, such approaches

are of limited synthetic utility.® Rather, selective olefin hydro- entry PR, temp (°C) solvent yield (%)

alkoxylation typically requires employment of a stoichiometric

amount of an often toxic electrophile followed by reduction with

an activated metal or metal hydride reagent in a separate4tep. PPh 80 CCly 1z
PPh 80 GH.4Cl, 32

1 none 80 dioxane b

2

3

Transiti | catalysi ial hi 4
ransition metal cata YySIS represents a potentla means to achieve 5 PPh 80 GH:Cly 65

6

7

8

9

PPh 80 dioxane 43¢

selective olefin hydroalkoxylation under mild conditions. However, PPh 70 GHCly 708
efficient catalytic hydroalkoxylation has been achieved only in the P(4-GH4OMe)s 70 CGH,Cls 60
cases of &C® and activated &C bonds such as allenég, 3- P(4-GH.Cl)s 70 GH:Cl, 68
dienes] and Michael acceptofs!! Here we report a mild and P(4-GH.CR)s 70 GH:Cla 82

o . . 10 P(4-GH4CFs)3 70 GH:Cly 78
efficient platinum-catalyzed protocol for the intramolecular hy- 11 P[3,5-GH3s(CFs)2]3 70 GH.Cly 49
droalkoxylation of unactivategt- and 6-hydroxy olefins. 12 P(OCH)3 70 GH:Cly 454

Simple platinum(ll) complexes including [P#H,C=CH,)], (1) 13 P(2-furyly 70 CoH2Cls 76

c'atzﬂyze the h.ydroalkylat'lo}'?, hydroarylatlpr11,3 and hydroamina- aGC yield versus internal standafd10 mol % of1 employed. 5 mol
tion'* of unactivated olefins. On the basis of these examples, We o, of 1 and 10 mol % PPhemployed Isolated yield of>95% pure
considered thatl might also catalyze the hydroalkoxylation of material.*1 mol % of 1 and 2 mol % phosphine employed.
unactivated olefins. Unfortunately, the procedures optimized for
C—C!213and G-N**bond formation proved largely ineffective for
the conversion of 2,2-diphenyl-4-penten-1-8) {o 2-methyl-4,4-

OH
diphenyltetrahydrofurargj (Table 1, entries 1 and 2}.Therefore, Q/\ [/\/PtCIzL
the efficiency of the platinum-catalyzed conversion2db 3 was N TN
LR
1

Scheme 1

[}

H

—~

optimized as a function of solvent and phosphine (Table 1). From
these experiments, an effective protocol was identified; reaction O PCl,L
of 2 with a catalytic mixture ofl (2.5 mol %) and P(4-gH,CFs)s @(")'
(5 mol %) in CLCHCHCL, at 70°C for 24 h led to the isolation of PtCIoL

3in 82% vyield as a single regioisomer (Table 1, entrjy*Hffective

conversion of2 to 3 was also realized with 1% catalyst loading ’ h
(Table 1, entry 10). 0 CH, o © PtCloL
Platinum-catalyzed hydroalkoxylation gfhydroxy olefins toler- Q/ H*

ated substitution at the, 3, andy-carbon atoms and at the internal “,

and cis and trans terminal olefinic positions (Table 2, entrie$5). Ph A"’/Ph

Platinum-catalyzed hydroalkoxylation tolerated a number of func- m

tional groups including pivaloate and acetate esters, amides, silyl

and benzyl ethers, and pendant hydroxyl and olefinic groups (Table synthesis of fused- and spirobicyclic ethers (Table 2, entries 13
2, entries 3-9). The efficiency and regioselectivity of hydroalkoxyl-  15) and was effective for the hydroalkoxylationdshydroxy olefins
ation was sensitive to terminal olefinic substitution. For example, to form substituted tetrahydropyran derivatives (Table 2, entries
whereas 5-methyl-2,2-diphenyl-4-hexen-1-ol underwergn@e 16—-19).

i

cyclization in high yield, Z)-2,2-diphenyl-4-hepten-1-ol underwent Both the regio- and stereoselectivity of platinum-catalyzed
5-exocyclization in moderate yield (Table 2, entries 10 and*1).  hydroalkoxylation parallels the selectivity observed for the oxy-
In comparison, Pt-catalyzed cyclization oE){2,2-diphenyl-4- mercuration/reduction gf- ando-hydroxy olefins? which suggests

hexen-1-ol led to the isolation of a 3.6:1 mixture of five- and six- that C-O bond formation occurs by a similar mechanism in both
membered heterocycles in 63% combined yield (Table 2, entry 12). processes. On the basis of this analogy and by analogy to the
Platinum-catalyzed hydroalkoxylation was also applicable to the mechanism established for the platinum-catalyzed cyclization of

9536 = J. AM. CHEM. SOC. 2004, 126, 9536—9537 10.1021/ja0477773 CCC: $27.50 © 2004 American Chemical Society



COMMUNICATIONS

Table 2. Hydroalkoxylation of y- and 6-hydroxy Olefins (2.0 M)
Catalyzed by a Mixture of [PtCl,(H,C=CH)], (1) (1 mol %) and
P(4-C6H4CF3)3 (2 mol %) in C|2CHCHC|2 at 70 °C for 16—48 h

entry alkenyl alcohol heterocycle(s) yield (%)?
OH
O _.CHj
1 N (_7’ 66 (8:1)°
Ph Ph
R OH
Me
Me R o
Me
2 R=Bn 91
3 R = (CHy),0H 91
4 R = (CH5)30Bn 79
5 R= —g—CchHgN 73°
1 OH " o o. Me
2
R'0 R1$JQR
2
R g2
6 R'=Piv,R2=H 71 (1.7:1)
7 R'=Ac,R’=Me 92°¢
8 R!'=TBDMS,R?=Me 75°
9 R'=TBDPS, R?=Me 84°
OH o Me
Ph Me Ve 98¢
10 AN
PH Ph
Me Ph
OH
0 n-Pr
11 Ph AN 47°
Ph Ph
Ph
Me
OH 0, Et 0. Me
IR
" Ph{/\/me Ph ' Ph@/ 63 (36:1)%¢
PR fz=6n Ph PR
OH
0,
13 Ph 87
Ph Ph
Ph
OH o
" th Ph7£><:> 98
Ph Ph
HO OH o o
15 Me Me 69
Me Me Mo MeMe
OH o) )
R
R R
R! Rz R1
16  R'=H,R?=H 92f
17 R'=Ph,R?=H 90
18 R'=Ph,R®=Me 50
Bn OH Bn 0. Me
19 60 (250:1)°
/

a|solated product of 95% purity.? Reaction time= 64 h.€ 0.5 mol %
1 and 1 mol % P(4-6H4CFs)z employed.d Reaction temperature 80 °C.
€2 mol % 1 and 4 mol % P(4-gH4CFs); employed.f NMR yield versus
internal standard.

2-alkenyl indoleg? we propose a mechanism for platinum-catalyzed
hydroalkoxylation involving outer-sphere attack of the pendant
hydroxyl group on the platinum-complexed olefin bfto form

zwitterion 1l (Scheme 1). Although a number of pathways can be
envisioned for proton transfer, we favor a mechanism involving
ionization to form a contact or solvent-separated ion phir)(
followed by protonolysis of the PtC bond (Scheme 1). A similar
proton-transfer pathway has been proposed for the Wacker oxida-
tion'” and would obviate the need to break a strong ®&tbond

prior to protonolysis.

In summary, we have developed a mild and efficient platinum-
catalyzed protocol for the hydroalkoxylation pf and 6-hydroxy
olefins. Our current efforts are directed toward expanding the scope
and improving the efficiency of platinum-catalyzed olefin hy-
droalkoxylation.
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