Transition Metal-Catalyzed Cycloisomerization of
Terminal Alkynes
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Dihydropyran Derivatives: Strategic Bond Disconnection
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Nature of Metal-Acetylene Interaction
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Initial Finding on Metal-Assisted Cyclization of Alkynols
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Molybdenum-Promoted Cycloisomerization
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1 LH MegN-Cr(CO)s? (1 equiv), Et:0, 120 h Ph-4-O~__Cr(co)
Ph -
s — F
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7 HO  OH Mo(CO)e (0.5 equiv), TMNO (0.6 equiv), EtsN, Et20, 12 h HOL(_O_7
L—<s—-ﬂ 3
N,
12 - 13 (60)

¢ M(CO)s and TMNO were dissolved in Et;0 (0.1 M) and EtsN (0.03 M) under N; at 20 °C. The solution rapidly turned green (M = Cr),
brown (M = Mo), or yellow (M = W), and after 30-60 min the alkynyl alcohol was added and stirred at 20 °C for the time indicated.
Dihydrofuran products were isolated by evaporation of solvent followed by silica gel chromatography (pentane/Et;0/1% diethylamine);
carbene products were purified by silica gel chromatography (pentane/Et;0) and recrystallized (pentane, —78 °C). ¢ Preformed MegN-Cr(CO)5
gave better yields than those obtained from in situ generation from Cr(CO)s and TMNO (1 — 2, 34% yield). ¢ Isolated yields.
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Generation of Triethylamine-Molybdenum Pentacarbonyl Complex
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Proposed Mechanism
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Molybdenum-Catalyzed Cycloisomerization of Epoxyalkynes
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Tungsten-Catalyzed Cycloisomerization of Terminal Alkynes
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Rhodium-Catalyzed Cycloisomerization of Terminal Alkynes
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OHSynthesis of Dihydrofurans and Dihydropyrans

Rh catalyst (1.5 - 7.5%)
R _ R. O
= W

phosphine ligands, 85 °c
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a Method A: catalyst 4 (2.5%), ligand 2e (55%) were used. Method B:
catalyst 4 (1.5%), ligand 2e (33%) were used. Method C: catalyst 3d (5%),
ligand 2e (30%) were used. Method D: catalyst 3¢ (7.5%), ligand 2d (45%)
were used. b Isolated yield. Trost, B. M. . J. Am. Chem. Soc. 2003, 125, 7482



Terminal Alkynes with Silyl (!Enozl Ether Tether
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Proposed Mechanism
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Alkene Tethers
R4

~~Re 5 mol%, W(CO)5, THF “/Rz
N e
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Napthelene derivatives = Rz=COOMe R, =H
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R= Me 88% (E) R;= COOMe 84%
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Procedure: The reaction was carried out in the same manner

as shown in Table 1. a) 100 mol% amount of W(CO)s-THF
was used.

Iwasawa, N. J. Org.Chem. 1999, 64, 1344



Proposed Mechanism for Electrocyclization
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Ruthenium-Catalyzed Cyclization of Dienylalkynes
”

entry substrate product cond.® vyield (%)
{ Rojcalyst | 2 =
% p ! O\% O% A ®
0 / 0 1 & 2 L 4
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] 1% RllCle(PPh3)2 24b 9¢ 3 s N-Me ‘O N-Me B 187
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13 o 14
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~5% RuCl,(p-cymene)PPhs; (B) 6% NH4PFs, ~5% RuCl,(C¢Hg)PPhs;
(C) attempted several catalysts. ? Yield calculated from 'H NMR
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Proposed Mechanism
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Application in Synthesis

Polycyclic ethers
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Conclusions

* Cycloisomerization provides a mild and efficient method for the synthesis
of dihydrofuran and dihydropyran derivatives.

* There is still room for improvement on the generality of the reaction:
catalysts and substrate scope (nitrogen nucleophiles).

» The metal vinylidene intermediate has been proven to be synthetically
useful.



