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Utilization of easily accessible starting materials to create highly Scheme 1. A Mechanistic Rationale for the Intramolecular
functionalized ring structures through addition reactions allows the Co“p“”g of Alkynes and Propargyl Alcohols

creation of molecular complexityvhile preserving atom economy. =R,
The intramolecular aldol condensatfois a classic method to @i [conu]* <;¢H?H
construct 1-acyl-cyclopentenes and 1-acyl-cyclohexenes. However, \/“

some of the disadvantages of this reaction are the difficult or lengthy R+
syntheses of the ketoaldehyde starting materials and the potential “hucp
complications inherent when more than a single enolate can be { P

formed? Also, ketones and aldehydes can be difficult to carry @f&;'

through many steps in a synthesis without protection. In contrast, }
alkynes are known to be synthetically robust, and the synthesis of H,0
substituted alkynes and propargyl alcohols is very straightforward. @i&‘ cp @[;Fi’ Ce

Also, ruthenium catalysts have been shown to be remarkably - ”+ H0 -

tolerant of many functional groupsTherefore, we suggest that a
potential alternative to the intramolecular aldol condensation is the A,
ruthenium-catalyzed cycloisomerization of diyne-ols to diene-ones < Jomoetl . &\
or diene-als (eq 1). o
Recently, we have shown that, in the presence of CpRu-

(NCCHg)3 PR (1), tertiary propargyl alcohols dimerize in a tail- QA o molen

to-tail fashion to form 6-hydroxy-1,3-dien-5-ones (eq’2R) O . fOH“Ee“’aoZ' " C&\}W
mechanistic rationaf¢ was proposed that includes metallacycle s

formation, an elimination of the hydroxy group, and attack of water P

at the resulting carbene carbon. On the basis of this mechanism, “°° /Hu O%i;m + Oz;/xon steps
one molecule of propargyl alcohol and one molecule of alkyne '5_' ....

should be all that is required. To minimize chemoselectivity issues, _ _ _
an intramolecular version of this latter proposal was envisioned as alcohol. Entries 4 and 5 demonstrate this aspect as well as illustrate
depicted in Scheme 1. A major issue to be resolved was the generaR range of substitution on the tether. In the case of the benzo

lack of reactivity of disubstituted alkynes in reactions analogous derivative7, a higher catalyst loading was needed for the reaction
to that of eq 2° to proceed at a comparable rate.

In the intermolecular dimerization, tertiary propargylic alcohols
were required for reasonable rate$his limitation is not shared
On R, — v ( R by the intramolecular reaction as shown in entries 6 and 7. While

=—<-OH the reactions are slower, good yields of the desired products were
obtained even at room temperature. The geometry of ihdouble
bond was exclusivelfg, presumably the result of thermodynamic
= <o H = (2 control12
' Although many transition-metal-catalyzed cyclizations appear
restricted to formation of five-membered rinfssuch a limitation

The prospect of the reaction was explored with bis-propargy! is not present here. The reactions are slower, however, in the bis-
alcohol3in analogy to our intermolecular dimerization. In contrast propargylic alcohol exampl® (entry 8); higher catalyst loading
to our experience in the intermolecular reaction, treatment with the and higher concentration allowed complete reaction withh at
ruthenium complexlL in moist acetone at room temperature gave room temperature to form’'-hydroxydienonel0. A somewhat faster
the o'-hydroxydienone4!! within 1 h (Table 1, entry 1). Remark-  reaction occurred with diyn&l to form dienonel2 (entry 9) which
ably, removing one of the propargyl alcohol functional groups, as may reflect the geminal substitution in the tetkeAlternatively,
in dyne5, led to complete reaction within 5 min (entry 2) to form the reaction can be performed at elevated temperature to achieve
the dienal6. In both cases, the reactions proceeded with only 1 similar rates (entry 10). As for five-membered rings, a secondary
mol % catalyst to give nearly quantitative yields. Water is required alcohol reacts equally well (entry 11).
for the reaction, and typically 1 equiv is added. The geminal  An alternative substitution of this bis-propargylic alcohol system
substitution in the tether is not required as shown in entry 3. Both as in1l3and15(eqs 3 and 4) also led to cyclization. In these cases,
alkynes can be disubstituted even though only one is a propargylthe “internal” hydroxyl group was best converted to its acetate.
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Table 1. Representative Examples of the Cycloisomerization of
Alkynes and Propargyl Alcohols
Entry c 1 Product Isolated Yield
_ OH [e) oH
1 1%1 E %6%
= E
3 OH 4 |
o]
2 E = E H
A Zon 1%1 £ 98%
s 6 |
o
—=-R R
X X |
= ¢OoH
3 X=TsN R=H 3%1 ! 99%
4 X=0 R=Me 1%1 90%
S o
5 S 5% 1 O’ 89%
=
7 ToH 8 _¢
o
E = E H
6 ftpr D 2%1 I R 70%
7 Fi=Ph 5%1 70%
o
= OH 2 OH
8 10% 1 73%
=—<on 10 |
9
[g—] g i
¢ E 7%1 E 9%
= OH 12 |
"
3
10 0% 1 90%

10%1 60%

B8,

1 All reactions at 0.1 M in acetone for 1 hr at rt unless otherwise noted;
E = COOMe.? Reaction performed at 1.0 M.Reaction performed at
60 °C.

The free hydroxyl compounds cyclize to give the same products,
but in slightly diminished yield. The cyclization was accompanied
by elimination of the elements of acetic acid to give cyclopenta-
dienes 14 and 16. A mechanistic rationale, depicted in eq 5,
envisions facilitation of ionization of the tertiary acetate in the initial
ruthenacyclopentadiene followed by the normal sequence as
depicted in Scheme 1.

This observation suggests that the alternative propargyl alcohol
17 might also participate in a cyclization as depicted in eq 6. Indeed,
both the bis-propargylic alcohdl8 and monopropargylic alcohol
20 cyclize under more stringent conditions to form entsand
21.In these cases, the addition of an acid promoter, presumably to
facilitate ionization of the tertiary alcohol, was required.

A new ruthenium-catalyzed cycloisomerization provides ready

access to five- and six-membered ring dienals and dienones that

would not be easily accessed. The substrates are easily accessib
because of the flexibility of alkyne chemistry. For example,
propargylation of dimethyl malonate qgp-toluenesulfonamide
followed by addition of the monolithium salt of the symmetrical
diyne provided the substrates of entries 2, 3, 6, and 7. The diyne
is accessed as shown in eq 9 which translates into die®ibeéng
prepared in four steps from inexpensive commercially available
starting materials.
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10 vol% water/acetone
1 eq. malonic acid
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