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f:’ Pd"-Catalyzed Cyclization of Alkynes

Containing Aldehyde, Ketone, or Nitrile
Groups Initiated by the Acetoxypalladation of
Alkynes**

Ligang Zhao and Xiyan Lu*

The insertion of carbon—carbon multiple bonds into car-
bon-transition-metal bonds as a facile method of carbon-
carbon bond formation is a very important fundamental
reaction in transition-metal organometallic chemistry.l!! How-
ever, in contrast to the numerous reports regarding the
insertion of carbon-carbon multiple bonds into carbon-
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transition-metal bonds, direct insertion of carbon-heteroatom
multiple bonds, such as carbonyl and nitrile groups, without
using stoichiometric organometallic reagents, has received
scant attention.l! The disadvantages of such insertion proc-
esses are that the carbon-heteroatom st bond is stronger than
the carbon-carbon 7 bond,”! and that electrophilic metals
tend to form o complexes with the heteroatom of carbon-
heteroatom multiple bonds, instead of 7 complexes,®! which
makes the insertion unfavorable. Such obstacles make this
area of research particularly challenging. Recently, some
examples of the insertion of carbonyl groups into late-
transition-metal-carbon bonds, for example with Rh* and
Ni,Pl have been reported, although most of these require the
use of stoichiometric organometallic reagents or additives. In
palladium chemistry, a limited number of examples catalyzed
by Pd° have been reported by Vicente,®! Yamamoto, >
Yang,®<l and Larock.’¢l To the best of our knowledge,
there are no examples of the direct insertion of a carbonyl or
nitrile group into a carbon-palladium bond by reactions
catalyzed by a palladium(IT) species through the acetoxypal-
ladation of alkynes.

The fact that a Pd" species is formed after quenching an
oxygen—palladium bond through protonolysis, even in Pd’-
catalyzed reactions, suggests that a redox system must be
involved in the reported Pd’-catalyzed carbonyl insertion
reactions. It occurs to us that a Pd"-catalyzed reaction may be
advantageous for such insertion reactions. Recently, we
reported a Pd"-catalyzed cyclization reaction of enyne esters
initiated by the acetoxypalladation of alkynes which utilized
bipyridine as a ligand.[) This novel catalytic system encour-
aged us to develop new reactions using carbon-heteroatom
multiple bonds as insertion species, instead of carbon—carbon
double bonds. Herein, we wish to exhibit another mechanism
involving the cyclization of alkynes with carbonyl or nitrile
groups through the acetoxypalladation of alkynes, followed by
the insertion of carbon-heteroatom multiple bonds into the
carbon—palladium bond and subsequent protonolysis.

Our investigation of the reaction conditions began by using
dec-2-ynyloxyacetaldehyde (1, 0.5 mmol), Pd(OAc), (5
mol %) as the catalyst, and 2,2"-bipyridine (bpy, 6 mol %) as
the ligand in acetic acid (5 mL) at 80°C (Scheme 1). The

n-C7H1s n-CyHis n-C7Hss n-C7His
5 mol % Pd(OAc), o OAc e
| | O 6 mol % bpy — + AcO + AcO
J/ solvent, 80 °C o o o
© 2 3 4

1

Scheme 1. Pd"-catalyzed cyclization of an aldehyde-containing alkyne.

reaction afforded products 2-4 (2:3:4 20:40:40) in 78 % total
yield. Control experiments confirmed that 4 can partially
transform into either 3 (by acetylation) or 2 (by transforma-
tion) in this system. Reactions with ketones gave the
corresponding tertiary alcohols as a single product in good
yield using acetic acid/dioxane as the solvent, while the
reactions of aldehydes proceeded smoothly to afford the sole
product 3 in moderate yield (50%) using acetic acid/1,4-
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dioxane/acetic anhydride (1:1:1) as

Table 1. Pd"-catalyzed cyclization of alkynes containing aldehyde, ketone, or nitrile groups.!?]

the solvent system. When the reac- Entry Substrate Temperature [°C] Duration [h] Product Yield [% ]
tion of 1 was performed in the 7Cathrs Cotie
absence of Pd(OAc), or bpy, no OAc
cyclization products were obtained. 1 I j/o 80 10 ACOJ\U 50
These experiments indicate that o1 0”3
both the catalyst and ligand are Ph Ph
necessary in these reactions. Em- 5 L 0 %0 ” e N OAc ”
ployment of 1,10-phenanthroline as j o 6
the ligand gave similar results to Pho s
those obtained using bpy. Other o
ligands such as halide ions, PPh;, or 3l |L j/Ph 100 24 - -
PBu; have no effect in this system. o7
The Z configuration of the exocylic n-CrHis n-CoHys
double bond, which was assigned by A Il &P <0 " ~ OPI-:1 -
'HNMR spectroscopy and con- j/ AcO
firmed by the NOESY spectra of o8 o”®
compound 4 and crystal data of m-Coths Gty
compound 9, indicated a trans-ace- 5 Il O Ph 80 1 ACQJ\\ CH 30
toxypalladation process in the reac- j/ o 1
tion.[10:11] 0”10
The scope and generality of the nths s o
present reaction is shown in Table 1. 6ldl [l o 80 8 ACOJ\C\O 65
Aliphatic aldehydes, ketones, and oji) o7y
nitriles are all effective in this cata- 12 ois 13: frans 14 = 2.2:1
lytic system. The reaction of carbon, ® i
oxygen, and nitrogen-tethered al- 7 Il Oj/'\"e 80 11 Aco/%ﬁ'* 66
kynyl nitriles proceeded smoothly o 15 o 16
and five-membered carbocyclic and n-CoHis Gt
heterocyclic compounds were ob-
tained in good yields (entries 8 8 I on 80 16 OJ\UNHCOME} 72
10).1"%1 The structure of compound o’ 17 o~ 18
22 was confirmed by X-ray analy- CrHis CrHys
sis,l'] which indicates that the rear- I NHCOMe
rangement occurred as described in 9 oN 80 16 ° 7
Scheme 2. We believe this repre- N 4 % %
sents a rare example of the insertion nPr nPr
of a nitrile group into a carbon- I NHCOMe
palladium bond, catalyzed by a 1ot N 100 16 °© >_< 95
Pd" species without the use of a g 21 e 2
redox system. - — -
The mechanism shown in [a] Reaction conditions: substrate (0.5 mmol), Pd(OAc), (0.025 mmol), and bpy (0.03 mmol) in solvent

(5mL). Entries 1 and 2 using acetic acid/1,4-dioxane/acetic anhydride (1:1:1) as solvent, entries 3-9 using

Scheme 2 is proposed for this reac-
tion. First, the trans-acetoxypallada-
tion of the carbon—carbon triple
bond affords vinylpalladium species
B, followed by insertion of the
carbonyl or nitrile group into the
carbon—palladium bond of B to give oxypalladium species C
or iminopalladium species D, respectively; protonolysis of the
intermediate C or D then gives the corresponding products
and imines E in the presence of an acid medium, with
regeneration of the original palladium species. The unstable
intermediate imine E may isomerize to the amine products F,
followed by an intermolecular aminolysis of the acetoxy
group to give further products. It is noteworthy that bidentate
nitrogen-containing ligands are important in this reaction,
possibly for their ability in stabilizing vinylpalladium inter-
mediates that allow the catalytic reaction to proceed.”!

4344 © 2002 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

acetic acid/1,4-dioxane (1:4) as solvent, entry 10 using acetic acid as solvent. [b] Yield of isolated product.
[c] Compound 7 was recovered in 80 % yield; the reaction did not lead to the isolation of the expected
product. [d] cis:trans =2.2:1. The assignment of the relative configurations of 13 and 14 was based on their
NMR spectra and NOE experiments (entry 6). [e] 0.25 mmol of substrate. [f] E = CO,Me.

Vicente et al. provided straightforward evidence for the
above possible mechanism through stoichiometric reactions.!
Moreover, similar species to intermediate C have been
isolated by treating a cyclopalladated phenyl 2-pyridyl ketone
complex with alkynes, which was a direct observation of
carbonyl group insertion into a carbon—palladium bond.['?! Tt
should be noted that Hartwig recently reported the direct
insertion of an aldehyde into the rhodium—carbon bond,*!
which provides strong evidence for this mechanism.

In conclusion, we have developed a Pd-catalyzed cycliza-
tion reaction of alkynes with carbon-heteroatom multiple
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Scheme 2. Proposed mechanism of the reaction.

bonds under mild conditions, where the insertion of carbon—
heteroatom multiple bonds into the carbon—palladium bond is
the key step. This is a reaction with high atom economy, which
does not require the use of organometallic reagents, additives,
or redox systems. This acetoxypalladation/carbon-heteroa-
tom multiple-bond-insertion/protonolysis catalytic system
may extend the scope of transition-metal-catalyzed reactions
pertaining to the insertion of carbon-heteroatom multiple
bonds into metal-carbon bonds, and provide a new method-
ology in organic synthesis.

Experimental Section

Typical procedure for the cyclization of substrate 8 (Table 1, entry 4):
Under nitrogen atmosphere, substrate 8 (136 mg, 0.5 mmol) was added to a
mixture of Pd(OAc), (5.6 mg, 0.025 mmol), bpy (4.5 mg, 0.030 mmol),
acetic acid (1 mL), and 1,4-dioxane (4 mL). The solution was stirred at
80°C for 14 h until the reaction was complete, which was confirmed by thin-
layer chromatography. On cooling, the reaction mixture was neutralized
with saturated NaHCO; and extracted with Et,0. The combined Et,O
solutions were washed with saturated NaCl, dried (Na,SO,) and concen-
trated. The residue was purified by flash chromatography (ethyl acetate/
petroleum ether 1:4) to give the product 9 as a white solid in 71 % yield, mp.
73-74°C.

Received: August 23, 2002 [Z50028]

[1] a) J. Tsuji, Palladium Reagents and Catalysis: Innovation in Organic
Synthesis, Wiley, Chichester, 1995; b) L. S. Hegedus in Comprehensive
Organic Synthesis, Vol. 4 (Eds. B.M. Trost, L. Fleming, M. F.
Semmelhack), Pergamon, Oxford, 1990, p. 571.

[2] T.H. Lowry, K. S. Richardson, Mechanism and Theory in Organic
Chemistry, Harper and Row, New York, 1987, p. 162.

[3] a) S. Shambayati, S. L. Schreiber in Comprehensive Organic Synthesis,

Vol. 1 (Eds.: B.M. Trost, I. Fleming, S.L. Schreiber), Pergamon,

Oxford, 1991, pp. 283-324; b) R. Noyori, M. Yamakawa, S. Hashi-

guchi, J. Org. Chem. 2001, 66, 8364.

For recent rhodium-catalyzed reactions using stoichiometric organo-

metallic reagents, see: a) T. Huang, Y. Meng, S. Venkatraman, D.

Wang, C. J. Li, J. Am. Chem. Soc. 2001, 123, 7451; b) C. J. Li, Y. Meng,

J. Am. Chem. Soc. 2000, 122, 9538; c) S. Oi, M. Moro, Y. Inoue,

Organometallics 2001, 20, 1036; d) M. Sakai, M. Ueda, N. Miyaura,

Angew. Chem. 1998, 110, 3475; Angew. Chem. Int. Ed. 1998, 37, 3279,

e) T. Fujii, T. Koike, A. Mori, K. Osakada, Synlett 2002, 298; f) T.

Hayashi, M. Ishigedani, J. Am. Chem. Soc. 2000, 122, 976; g) R. A.

Batey, A.N. Thadani, D. V. Smil, Org. Lett. 1999, 1, 1683; h) T.

Ishiyama, J. F. Hartwig, J. Am. Chem. Soc. 2000, 122, 12043; i) C.

Krug, J. F. Hartwig, J. Am. Chem. Soc. 2002, 124, 1674.

For nickel-catalyzed reactions, see: a) Y. Sato, N. Saito, M. Mori, J.

Am. Chem. Soc. 2000, 122,2371; b) Y. Sato, M. Takimoto, K. Hayashi,

T. Katsuhara, K. Takagi, M. Mori, J. Am. Chem. Soc. 1994, 116, 9771;

¢) K. Shibata, M. Kimura, M. Shimizu, Y. Tamaru, Org. Lett. 2001, 3,

2181; d) K. K. Majumdar, C.-H. Cheng, Org. Lett. 2000, 2,2295;¢) Y.-

C. Huang, K. K. Majumdar, C.-H. Cheng, J. Org. Chem. 2002, 67,1682;

f) E. Oblinger, J. Montgomery, J. Am. Chem. Soc. 1997, 119, 9065;

g) M. V. Chevliakov, J. Montgomery, J. Am. Chem. Soc. 1999, 121,

11139; h) K. K. D. Amarasinghe, J. Montgomery, J. Am. Chem. Soc.

2002, 124, 9366.

a)J. Vicente, J. A. Abad, B. Lépez-Peldez, E. Martinez-Viviente,

Organometallics 2002, 21, 58; b) J. Vicente, J. A. Abad, J. Gil-Rubio,

Organometallics 1996, 15,3509; c) J. Vicente, J. A. Abad, J. Gil-Rubio,

J. Organomet. Chem. 1992, 436, C9.

[7] For Pd’-catalyzed reactions of carbonyl group, see: a) V. Gevorgyan,

L. G. Quan, Y. Yamamoto, Tetrahedron Lett. 1999, 40, 4089; b) L. G.

Quan, M. Lamrani, Y. Yamamoto, J. Am. Chem. Soc. 2000, 122, 4827,

¢) L. G. Quan, V. Gevorgyan, Y. Yamamoto, J. Am. Chem. Soc. 1999,

121,3545; d) X. Gai, R. Grigg, S. Collard, J. E. Muir, Chem. Commun.

2000, 1765; for reactions using stoichiometric organostannanes, see:

e) Y.-H. Ha, S-K. Kang, Org. Lett. 2002, 4, 1143, and references

therein.

For Pd’-catalyzed reactions of nitriles, see: a) C.-C. Yang, P.-J. Sun, J.-

M. Fang, J. Chem. Soc. Chem. Commun. 1994,2629;b) C.-C. Yang, H.-

M. Tai, P.-J. Sun, Synlett 1997, 812; c) C.-C. Yang, H.-M. Tai, P-J. Sun,

J. Chem. Soc. Perkin Trans. 1 1997, 2843; d) R. C. Larock, Q. Tian,

A. A. Pletnev, J. Am. Chem. Soc. 1999, 121, 3238; e) A. A. Pletneyv,

R. C. Larock, Tetrahedron Lett. 2002, 43, 2133.

[9] a) Q. Zhang, X. Lu, J. Am. Chem. Soc. 2000, 122, 7604; b) Q. Zhang,
X. Lu, X. Han, J. Org. Chem. 2001, 66, 7676.

[10] Spectroscopic and analytical data for all new compounds, NOESY
spectra of 4, "H NMR and *C NMR spectra of compounds 1, 2, 4-6,
13-18, 21, and 23 are available in the Supporting Information.

[11] CCDC-188743 (9) and CCDC-188742 (22) contains the supplemen-
tary crystallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from
the Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB21EZ, UK; fax: (+44)1223-336-033; or deposit
@ccdc.cam.ac.uk).

[12] FE. Maassarani, M. Pfeffer, J. Spencer, E. Wehman, J. Organomet.
Chem. 1994, 460, 265.

[4

—_

5

—_

6

—_

8

—_

Angew. Chem. Int. Ed. 2002, 41, No. 22

© 2002 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

0044-8249/02/4122-4345 $ 20.00+.50/0 4345



