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Palladium-catalyzed oxidative alkynylation of alkenes using tert-propargylic alcohols as alkynylation reagents via C-C bond cleavage under
an oxygen atmosphere affords the corresponding ene-yne compounds.

R R

The dealkylation reaction of a late transition metal alcoholate Recently, an important study by Miura and co-workers
via -carbon elimination is one of the unique processes to reported the arylation reaction of simgfert-alcohols such
produce alkylmetal species for successive reactions such ass a,o-dialkylarylmethanols with aryl halides using pal-
fB-hydrogen elimination and -€C bond formation affording  ladium catalyst, providing the corresponding biaryls via
useful organic compounds (Scheme 1). Although many selective Csp-CsiF bond cleavageé.

Recently, we have succeeded in the aerobic oxidation of
I | primary and secondary alcohols to aldehydes and ketones
Scheme 1 in a Pd(OAcypyridine/MS3A systemd.We also reported the
oxidative transformatichand arylation ofert-cyclobutanols
oM |Bearbon involving C—C bond cleavage reaction, in whigkcarbon
R“‘)\R" e M|-R" elimination from the palladium alcoholate is the key step.
1
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In the course of the studies on the oxidative transformation substrate was essential for efficient reaction without the
of tert-cyclobutanols, we found the CspCsp bond cleavage  formation of metallic palladium® That is, the reaction
(a fission) occurred in preference to Cs{Csp bond without pyridine did not give the desired product at all (entry
cleavage (bfission) of the cyclobutane ring as shown in 7). Furthermore, oxygen was indispensable for this oxidative
Scheme 2. Here, it is expected that an alkynylpalladium reaction (entry 8}:2 Among the solvents examined, DMF
species might be produced, which may be employed for some(N,N-dimethylformamide) was useful for obtaini2gn good
useful organic transformations. Now we wish to report the yield (entry 9). It was also confirmed that the propargylic
novel palladium-catalyzed oxidative reaction tefrt-pro- alcohollawas not deprotected without palladium catalysts.
pargylic alcohols with several alkenes to afford ene-yne
compounds via selective CspCsp bond cleavage under an
oxygen atmosphere as shown in Scheme 3. Table 1. Effect of Pd(ll) Salts

entry  substrate Pd(Il)salt  time (h) GLC yield (%)

. . . . . 1 la Pd(OAc)2 24 302
Scheme 3. Working Hypothesis of Oxidative Alkynylation via
C—C Bond Cl 2 la PdClI, 24 tr
ond Lleavage 3 1a Pd(acac); 25 492
OH XPdO 4 1b Pd(OAc) 48 41
_ cat. Pd(Il _ 2
R—(\— R ® R—(*— R 5 1b Pd(acac), 48 57
R R 6 la Pd(acac), 48 57
7° la Pd(acac), 24 0
-carbon
Z R [R ge la Pd(acac), 24 4
— - =P \\‘ S 9d 1a Pd(acac); 48 61
R
0 HPdX alsolated yield? In the absence of pyridiné.Under No.. ¢ DMF was
R‘)J\R' used as a solvent.

Next, several propargylic alcohols were tested to use as
First, the reaction ofert-alcohollaor 1bin toluene with  zikynylation reagents. Typical results are listed in Table 2.
ethyl acrylate was carried out using some palladium(ll) salts a|cohols 1a—e having different substituents at the propar-
in the presence of pyridine and MS3A under oxygen (Scheme gylic position could be used for obtainirgin moderate
4, Table 1). Among some palladium salts, Pd(ag&3ac  yjelds (Table 2, entries-16). In the case of the reaction of
alcohols1d and1e, the formation of the eliminated ketone

_ (3-phenylcyclobutanone or benzophenone, respectively) was

Scheme 4 confirmed (entries 5 and 8)lt should be noted that the
OH Pd(Il) (10 mol%) Csp—Csp bond cleavage occurs prior to the cleavage of the
Ph%&l%/\ COzEtMPh\A endo-carbon of the strained cyclobutane ring (entry°5).
R 't\gizﬁé“(gmgl_)) O Interestingly, 2 was formed from secondary alcohaf,
bttt & A 80 °C, O (1atm) 2 although its yield was lowéf This result suggests that the

(6.2mmol} (10 equiv) Csp—Csp bond can be cleaved competitively with the fast
B-hydrogen eliminatioA?

The alkynylation of several alkenes by propargylic alcohol
= acetylacetonate) was found to be the most effective catalyst1 5 was carried out (Table 3). The reaction with alkyl
to give the desired ene-yne-carbonyl compou®d in
moderate yields (entries 3 and 5). Pyridine was the base of (8) Steinhoff, B. A.; Stahl, S. SOrg. Lett.2002,4, 4179.

; ; T (9) Isolated yield; 3-phenylcyclobutanone (59%), benzophenone (59%).
choice, and the presence of at least 2 equiv of py”dme toa (10) In the ring cleavage reaction trt-cyclobutanols, the C8pCsp

bonds of the cyclobutane ring were more easily and selectively cleaved

(6) (a) Nishimura, T.; Uemura, S. Am. Chem. S0d999,121, 11010. than the Csp-Csp or Csp—Csp bond of substituents on the ring; see
(b) Nishimura, T.; Matsumura, S.; Maeda, Y.; UemuraC8em. Commun. refs 5 and 6.
2002 50. (c) Nishimura, T.; Matsumura, S.; Maeda, Y.; Uemura, S. (11) The formation of 1,3-diphenyl-2-propyn-1-one was detected by GC/
Tetrahedron Lett2002,43, 3037. MS. The isolation of it was not carried out because of its instability under
(7) Other methods for the synthesis of these ene-yne carbonyl compoundsthese reaction conditions.
have been reported. For example, see: (a) Jeffergyhthesis987, 70. (12) The fas{3-carbon elimination of an alkynyl group is probably due
(b) Takeuchi, R.; Tanabe, K.; Tanaka, 5.0rg. Chem 2000, 65, 1558. to the strong precoordination of thebond of an alkyne with palladium.
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Table 2. Pd(ll)-Catalyzed Reaction of Seveielt-Propargylic
Alcohols with Ethyl Acrylate

entry alcohol GLC yield (%) of 2
OH
; Ph%& gz R
1a
OH
3 ph—=—Lip, 57
1b Pr
OH
4 Ph—=— 45
1c
OH
5 Ph——= 60P-c
1d
Ph
OH
6 Ph%g Ph 52€
1e Ph
OH
7 — 26
8 Phﬁph 2,

aDMF was used as a solveritisolated yield. The formation of the
corresponding eliminated ketone was also confirmed.

tert-Propargylic alcohols such as 2-(2-hydroxylpropyl)-
alkynes have been used as a convenient source of acetylene,
because the elimination of terminal alkyne in the presence
of base occurs accompanied with the formation of acetone
(Scheme 532 Therefore, a palladium-catalyzed Sonogashira-
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type reaction of aryl halides with 2-(2-hydroxylpropyl)-
acetylene has been accomplished by utilizing this reactivity
of 2-(2-hydroxylpropyl)alkynes, in which in situ formation
of the terminal alkyne might be involved in the presence of
base (Scheme 6}%.0n the other hand, our findings clearly
indicate that thegs-carbon elimination from the palladium
alcoholate ofert-propargylic alcohols occurs, and to the best

acry|ates gave the Corresponding ene_yne_carbony' Com_of our knOW|edge this reaction is the first examp|e to show

pounds3 and4 in moderate yields (entries 1 and 2), whereas
the use of styrene gave in 54% vyield as an isomeric
mixture. In the case of 1-octene, alkynylation occurred at
an internal position of the alkenic moiety to giéen 33%
yield. The reaction of cyclopentene gave a mixtur& ehd

8, in which isomerization o to 8 might occur by the in
situ formed palladium hydride species.

Table 3. Pd(ll)-Catalyzed Reaction dfa with Several
Alkeneg

entry alkene product isolated yield (%)

Ph
1 /\COQMG \/\Co Me 49
Ph 3 ’
R
2 7 Co.Bu \/ﬂcogsu 57
4
Ph S
4 Z Ph M - 54b
5 (cis/trans = 1/4)
Ph b
5 2, x 33
6
Ph%@
6 7 40
Ph%@ (7/8 = 2/1)
8

aReaction conditions: Pd(acadqiLlO mol %), pyridine (0.8 mmol)la
(0.4 mmol), alkene (4 mmol), and MS3A (80 mg) in toluene (4 mL) at 80
°C for 48 h under @(1 atm).? In DMF (4 mL).
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a Cspg—Csp bond cleavage by palladium catalySis.

In summary, we demonstrated that the palladium-catalyzed
oxidative alkynylation of an alkene via a CsgCsp bond
cleavage proceeded to afford an ene-yne compound. This
oxidative reaction proceeds by the use of molecular oxygen
as the sole oxidant. Although as a synthetic method our
system has some substrate limitations at this stage, the present
results offer a new synthetic method for ene-yne compounds
by the use of C—C bond cleavage reaction.
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