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ABSTRACT

A rhodium-catalyzed chelation-assisted C  —H activation of a,f-unsaturated ketoximes and the reaction with alkynes to afford highly substituted
pyridine derivatives is described.

Recently, considerable research activity has been directedactivation of alkenyl G-H bond® Moreover, these reactions
toward the metal-catalyzed ¢4 bond activation and  are mostly limited tos-alkylation of enones, imines, and
subsequent carbertarbon bond formation in organic syn-  2-vinyl pyridines by alkene%Very recently, Bergman and
thesis! These reactions are environmentally friendly and Ellman reported a rhodium-catalyzed alkylation @ff-
atom-economical when compared with the other conventional unsaturated aldimines by various alkehésthe paper, two
methods such as carbon—halide functionalizati®n. examples using alkynes as the substrates for the alkenylation
Chelation-assisted activation of th@tho aromatic or of an aldimine were also included. Our continuous interest
alkenyl C—H bond by a transition metal complex is a in metal-catalyzed cyclization reactidnprompted us to
promising and practical method in modern organic synthe- explore the possibility ofx,5-unsaturated ketoximes with
sis!3 Various directing groups, such as aldehyde, ketone, alkynes. Herein, we wish to report a new method for the
imine, alcohol, amine, carboxylic acid, and nitrile, have been synthesis of highly substituted pyridines frampB-unsatur-
used to activate thertho aromatic or alkenyl €H bond. —— — — -
This method has been used for the functionalization of areness()(c%(()%);,(fzkéﬁ%ég:’(ﬁ?&ai}h?r:},}(ﬁ;Cn;]:ttsa&ljr':,"Y'\.A;ughfﬁ'sﬁ,\;nérgtlgm,' N
and alkene€'s> ¢ via coupling reactions with organic halides J. Am. Chem. So2005,127, 5936. (c) Masui, K.; Ikegami, H.; Mori, A.
or organometallic reagerté and via an addition reaction iAghICl;emo dsocr)ﬁo/gdff_%ﬁé?nWéo?g%Ler;%gz,cggégér(z)nktdgir?ﬁjod,%f;LI'
with carbon—carbon multiple bonds (alkynes or alkeries). Kkawata, A.; Takai, KJ. Am. Chem. So2005,127, 13498. (f) Kuninobu,

However, only very few examples are known for the catalytic \ngzTokunagav Y.; Kawata, A.; Takai, KI. Am. Chem. So2006, 128,
(6) (a) Kakiuchi, F.; Yamamoto, Y.; Chatani, N.; Murai, Shem. Lett.
(1) () Dyker, G.Angew. Chem., Int. EAL999, 38, 1698. (b) Ritleng, 1995, 681. (b) Jun, C.-H.; Moon, C. W.; Lee, D.-€hem.—Eur. J2002,

V.; Sirlin, C.; Pfeffer, M.Chem. Re»2002,102, 1731. (c) Kakiuchi, F.; 8, 2422. (c) Jun, C.-H.; Moon, C. W.; Kim, Y. M.; Lee, J.; Lee, H.

Chatani, NAdv. Synth. Cata2003,345, 1077. (d) Pastine, S. J.; Gribkov,  Tetrahedron Lett2002,43, 4233. (d) Lim, S.-G.; Ahn, J.-A.; Jun, C. H.

D. V.; Sames, DJ. Am. Chem. SoQ006,128, 14220. (e) Godula, K.; Org. Lett.2004,6, 4687. (e) Tan, K. L.; Bergman, R. G.; Ellman, J.A.

Sames, DScience2006,312, 67. (f) Alberico, D.; Scott, M. E.; Lautens, ~ Am. Chem. So001,123, 2685. (f) Kakiuchi, F.; Tanaka, Y.; Sato, T.;

M. Chem. Re»2007,107, 174. Chatani, N.; Murai, SChem. Lett1995, 79. (g) Kakiuchi, F.; Sato, T.;
(2) (a) Tsuji, J.Transition Metal Reagents and Catalysts: Imations Kakiuchi, F.; Chatani, N.; Murai, SChem. Lett1995, 893. (h) Chatani,
in Organic SynthesjsWiley: New York, 2002. (b) Lautens, M.; Klute, N.; Kamitani, A.; Murai, SJ. Org. Chem2002,67, 7014.
W.; Tam, W.Chem. Rev1996,96, 49. (c) Ojima, |.; Tzamarioudaki, M.; (7) Colby, D. A.; Bergman, R. G.; Ellman, J. A. Am. Chem. So2006
Li, Z.; Donovan, R. JChem. Rev1996,96, 635. 128, 5604.
(3) Yanagisawa, S.; Sudo, T.; Noyori, R.; Itami, K.Am. Chem. Soc. (8) (a) Rayabarapu, D. K.; Cheng, C.-51.Am. Chem. So2002,124,
2006,128, 11748 and references therein. 5630. (b) Bhuvaneswari, S.; Jeganmohan, M.; Cheng, @¥H. Lett.2006
(4) Oi, S.; Aizawa, E.; Ogino, Y.; Inoue, Y. Org. Chem2005, 70, 8, 5581. (c) Chang, H.-T.; Jayanth, T. T.; Cheng, C3HAm. Chem. Soc.
3113 references therein. 2007,129, 4166.
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ated ketoximes and alkynes via a rhodium-catalyzedHC
activation ofa,ﬂ-unsaturateq ketoxime. Pyridines are im- 75416 1. Results of the Reaction af,3-Unsaturated
portant classes of heterocyclic compounds. The pyridine coregetoximes with Alkynes

is present in various natural products and biologically active §-oH

compounds.In addition, the starting materials of ketoximes gz I RhCI(PPh RN R
. . R® + Ré—=— R¢ s |
can be prepared readily from the corresponding ketones and | - T T RN g

toluene, 130 °C

hydroxylamine© R i 20 sa
Tregtment ofy,f-unsaturated ke:toxir_n]aa having methyl oty ] 3 product 3 eld OF
substituents att- and-carbons with diphenylacetylerga y-OH
in the presence of 3 mol % of RhCI(P#hin toluene at | Ph—=—Ph pp,
130°C for 3 h gave a highly substituted pyridine derivative 1 | 2 ] j 3a 92
3ain 92% isolated yield (Table 1, entry 1). To the best of 12 Ph” °N
our knowledge, this is the first report using oxime as a _OH
directing group for the activation of an alkenyHE&l bond N[ Pho A\
followed by a series of reaction steps leading to the synthesis 2 | 2a kL 80
of N-heteroaromatic compounéfsThe formation of product 1b Ph™ °N
3acan be viewed as @alkenylation of oximelato provide
X ; . - LOH
a l-azatriene intermediate, followed bya-6yclization and [ o
dehydration (vide infra). Alternatively, produ8a might has 3 2a Y 3¢ 74
been formed via [4+ 2] Diels—Alder cycloaddition ofLa | 1c PR N7
with 2a, followed by dehydratiof? In order to clarify it,
the present reaction was carried out in the absence of rhodium N-oH Ph. -y
catalyst in toluene at 150C for 15 h, and no3a was 4 2a l . 3d 63°
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obtained. The result indicates that the rhodium catalyst is
necessary for the present reaction.

o
I

Under similar reaction conditions, several alkyl-substituted N[ SN 3
a,B-unsaturated ketoximes also react with alkydaso give 5 K\/\ 2a o | N ° 62°
the corresponding substituted pyridines. Thus, propenyl 1e
methyl ketoximelb and propenyl ethyl ketoximéc gave LOH
3band3cin 80 and 74% vyields, respectively (entries 2 and 1 Ph._ AL
3). Similarly, methyl vinyl ketoximeld and propy! vinyl p 2a | 3f o

ketoximeleafforded the corresponding pyridine derivatives Ph™ N
3d and 3e in moderate 63 and 62% yields, respectively
(entries 4 and 5). In additiow,,5-unsaturated cyclic alkenyl
oxime, l-acetylcyclopentene oxim#&f, reacted with2a
providing 3f in 94% yields (entry 6). Interestingly, even
oximelghaving a [2.2.1] bicyclic moiety reacted efficiently
with 2ato afford the corresponding pyridine derivati@g

in 68% vyield (entry 7).

In addition to diphenylacetylers, di(2-thienyl)acetylene
2b also reacts smoothly with unsaturated ketoximes. For N’
example, the reaction oRb with 1f provided highly
substituted pyridine derivativ8h in 89% vyield (entry 8).
The present catalytic reaction was also successfully extended
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(9) (@) Jones, G. Pyridine and their Benzoderivatives: Synthesis. In
Comprehensive Heterocyclic Chemistry Katritzky, A., Rees, C. W.,
Scriven, E. F. V., Eds.; Pergamon: Oxford, 1996; Vol. 5, pp-18Z3. (b)
Jayakumar, S.; Ishar, M. P. S.; Mahajan, MTetrahedror2002,58, 379.

(c) Zeni, G.; Larock, R. CChem. Re»2004,104, 2285. (d) Varela, J. A.; N~
Saa, C.Chem. Rev2004,104, 3787. (e) Movassaghi, M.; Hill, M. D; ! N
Ahmad, O. K.J. Am. Chem. So2007,129, 10096. 1 )

(10) (a) Shinada, T.; Yoshihara, Retrahedron Lett1995,36, 6701. 1i N
(b) Booth, S. E.; Jenkins, P. R.; Swain, C. J.; Sweeney, J. Ehem.

Soc., Perkin Trans. 1994, 3499. N O Ph—==r"

(11) (a) Palladium-catalyze®-methyl oxime as a directing group for 12 1 2R =SiMes PN A 80
activation of the shC—H bond followed by oxygenation with Phl(OAc) 2gR*=H &L 51
Desai, L. V.; Hull, K. L.; Sanford, S. MJ. Am. Chem. So@004,126, 1f N
9542. (b) Oxime as a directing group for activation of trého aromatic
C—H bond in a stoichiometric amount of palladium complex: Bezsoudnoba,  2Unless otherwise mentioned, all reactions were carried out using oximes
E. Y.; Ryabov, A. D.J. Organomet. Chen2001,622, 38. 1 (1.0 mmol), alkyne2 (1.1 mmol), Rh(PP$)sCl (3 mol %), and toluene

(12) (a) Boger, D. L.; Ichikawa, S.; Jiang, B. Am. Chem. So@000, (2.0 mL) at 130°C for 3 h.PlIsolated yields® Reaction time was 12 h.
122, 12169 and references therein. (b) Boger, D. L.; Corbett, W. L.; Curran, ¢ 2-Thienyl. ® Reaction time was 6 h.

T. T.; Kasper. A. M.J. Am. Chem. S0d 991,113, 1713.
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to aliphatic alkynefc—e. Thus,1a reacted with but-2-yne
2cto give the corresponding 2,3,4,5,6-pentamethylpyridine
3iin 76% yield (entry 9). It is interesting to note that oxime
1h with a phenyl group at th@-carbon reacted smoothly
with hex-3-yne2d to give the expected pyridine derivative
3j in 75% yield (entry10) but failed to react with diphenyl-
acetylen&?a. The steric repulsion between the phenyl groups
in 1h and2a likely accounts for the failure of the reaction.
Similarly, 1-acetylcyclohexene oxinie reacted nicely with
oct-4-yne2eto give the pyridine derivativ8k in 81% yield
(entry 11). It is noteworthy that the reaction @f3-unsatu-
rated aldoxime with alkynes under similar conditions did not

give the expected pyridine products. Further studies are

required to understand the reactién.

To understand the regioselectivity of the present reaction,

unsymmetrical alkyne&f—i were investigated (Scheme 1).

Scheme 1. Rhodium-Catalyzed Reaction of
1-Acetylcyclohexene Oximéi with Unsymmetrical Alkynes

2h,i
N-OH
' RhCI(PPhs)s
+ P—==R® —— — »
toluene, 130 °C, 12 h
1i 2h: R% = Me
21 RS=Et
RS N Ph ‘\
| +
Ph N7 RSN
3m

1-Phenyl-2-(trimethylsilyl)acetylenef) efficiently reacted
with 1f in a high regioselective manner, providing desilylated
pyridine derivative3l in 80% yield in which the Ph group
was attached to C-4 @l (Table 1, entry 12). In a similar
way, phenylacetylen2g gave single regioisomeric product
3lin 51% yield (Table 1, entry 12). Internal alkyne, 1-phenyl-
1-propyne 2h), underwent an addition and cyclization
reaction withli to give regioisomeric produc&m and3m’
in 48 and 30% vyields (Scheme 1), respectively. The regio-
chemistries of3m and 3m' were confirmed by NOE
experiments. Similarly, 1-phenyl-1-butyr@) also afforded
two regioisomersn and3n' in 75% combined yield with a
78:22 ratio (Scheme 1).

On the basis of known metal-catalyzed directing-group-
assisted C—H bond activation reactidrfs/ a possible

reaction mechanism is proposed to account for the present

catalytic reaction (Scheme 2). The first step involves
coordination of the oxime nitrogen @fto the rhodium metal
followed by oxidative insertion of the alkenyl-<H bond to
form a hydrometallacyclé.** Addition of the rhodium-
hydride bond to a coordinated alkyne givesSubsequent
reductive elimination affords €H addition productZ and
regenerates the catalyst. Produttthen undergoes 76

(13) Park, S.; Choi, Y.-A.; Han, H.; Yang, S. H.; Chang, Ghem.
Commun 2003, 1936.

(14) Jun, C.-H.; Moon, C. W.; Hong, J.-B.; Lim, S. G.; Chung, K.-Y.;
Kim, Y.-H. Chem.—Eur. J2002,8, 485.
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Scheme 2. Proposed Mechanism for the Reaction of
a,B-Unsaturated Ketoximes with Alkynes
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electrocyclizatio® and elimination of water to give the final
pyridine derivative3.

To support the proposed mechanism in Scheme 2, we tried
to isolate the key product intermediatdrom o, 3-unsatur-
ated ketoximes and alkyn2a by lowering the reaction
temperature or shortening the reaction time, but the attempt
failed. Fortunately, when we extended the catalytic reaction
to acetophenone oxime (1j) witta, intermediate produ&
was isolated in 92% vyield in 3 h. Further, wh8rwas re-
fluxed in toluene at 150C for 6 h, the corresponding iso-
quinoline derivatived was isolated in 90% vyield (Scheme
3). The isolation oB and its conversion to produgtsupports
strongly the proposed mechanism in Scheme 2.

Scheme 3. Mechanistic Evidence

s
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130 °C, toluene, 3 h
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150 °C, toluene, 6 h =N
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In conclusion, we have developed a rhodium-catalyzed
chelation-assisted CH-activation ofa,S-unsaturated ketox-
ime and the reaction with alkynes to afford substituted
pyridine derivatives in good to excellent yields. The method
provides an opportunity for the placement of all five sub-

(15) (a) Trost, B. M.; Gutierrez, A. COrg. Lett. 2007, 9, 1473. (b)
Tanaka, K.; Mori, H.; Yamamoto, M.; Katsumura, 5.0rg. Chem2001,
66, 3099 and references therein.
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stituents (G—Cs) of pyridine in one pot. In addition, this Acknowledgment. We thank the National Science Coun-
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C—H bond to alkynes followed by cyclization and elimina- support of this research.

tion. The present protocol is also successfully applied to the
synthesis of an isoquinoline derivative. Further extension of
the reaction to other oximes and alkynes, the application of
this methodology in natural product synthesis, and the
detailed mechanistic investigation are in progress. 0L7028367
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