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Copper—Catalyzed Cyclization of Oxime Acetates with
2—Benzylidenemalononitriles for Synthesis of 2-Aminonicotinonitriles

Cai, Zhongjian Lu, Xinmou Wang, Shunyi* Ji, Shunjun*
(Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry, Chemical Engineering and Materials
Science, Soochow University, Suzhou 215123)

Abstract The 2-aminopyridine is the core structure of many potential drug candidates for the treatment of a variety of dis-
orders. It is widely used as building block for the synthesis of series nitrogen-containing heterocycles. However, the
traditional synthesis of 2-aminopyridines relies on amination of 2-unsubstituted pyridines with sodium amide which is limited
to low yield and narrow scope for the using of strongly basic conditions. Oximes and their derivatives are a class of powerful
building blocks in organic synthesis. Recently, a series of reports are focus on copper-catalyzed cyclization of oxime esters,
and various methods are developed for the construction of five- or six-membered heterocycles. Based on our sustained efforts
to copper-catalyzed cyclization for access to heterocyles, we herein report a novel process of copper-catalyzed cyclization of
oxime esters with 2-benzylidenemalononitrile for the construction of 2-aminopyridines. Various 2-aminopyridines were ob-
tained in middle to good yields under the optimized reaction conditions. In this case, the N—O bond cleavage would occur
for oxime esters reduced by copper(l) catalyst, followed by the formation of nucleophilic copper(Il) enamide which serve as a
precursor in heterocycle synthesis. A representative procedure for the copper-catalyzed construction of 2-aminopyridines by
cyclization of oxime esters with 2-benzylidenemalononitrile is as following: The substrate acetophenone O-acetyl oxime (1a,
0.5 mmol, 0.0885 g), 2-benzylidenemalononitrile (2a, 0.5 mmol, 0.0770 g), CuCl (0.1 mmol, 0.0989 g, 20 mol%), and Na-
HSO; (1.0 mmol, 0.1041 g) were added to a 10 mL Schlenk tube, followed by addition of DMF (dried by calcium hydride
and freshly distilled, 3 mL). The mixture was stirred at 60 ‘C as monitored by TLC. The solution was then quenched by H,O
and extracted with EtOAc (20 mL X 3), the combined organic layers were dried over Na,SOy, filtered, and evaporated under
vaccum. The residue was purified by column chromatography on silica gel (eluent: light petroleum ether : ethyl acetate, V' -
V=5 1) to afford the desired product 4,6-diphenylpyridin-2-amine 3a.
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Figure 1 Copper-catalyzed cyclization of oxime esters
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Table 1 Optimization of the reaction conditions

_OAc
N‘ CN cat. (20 mol%)
+ N aditive (2 equiv.)
CN

DMF (3 mL)
1a 2a temp.
NC ‘ N\
HoN™ N7 O
3a
Entry Cat./mol% Temp./C Solvent/mL  Additive/equiv. Yield”
(LC-MS)
1 CuBr (20) 40 DMF (3) NaHSO;(2) 26
2 CuBr(20) 60 DMF (3) NaHSO;(2) 52
3 CuBr (20) 80 DMF (3) NaHSO;(2) 37
4 Cul (20) 60 DMF (3) NaHSO;(2) 37
5 CuCl (20) 60 DMF (3) NaHSO;(2)  74(68)"
6  Cu0 (20) 60 DMF (3) NaHSO;(2) 72
7  Cu(20) 60 DMF (3) NaHSO;(2) 67
8 CuBr; (20) 60 DMF (3) NaHSO;(2)  Trace
9  CuCL(20) 60 DMF (3) NaHSO;(2)  Trace
10 Cu(OAc),(20) 60 DMF (3) NaHSO;(2) 67
11 FeCl; (20) 60 DMF (3) NaHSO;(2) NR
12 CoCl,*6H,0 (20) 60 DMF (3) NaHSO;(2) NR
13 AgNO; (20) 60 DMF (3) NaHSO;(2) NR
14 CuCl (20) 60 DMF (3) NaHSO;(2) 51°
15 CuCl (20) 60 DMF (3) NaHSO;(2)  35¢
16  CuCl (20) 60 DMF (3) NaHSO;(2) 27°

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1a (0.5 mmol), 2a (0.5 mmol), cat. (0.1 mmol), NaHSO3;
(1.0 mmol), DMF (dried by calcium hydride and freshly distilled, 3 mL); the
yields were determined by LC analysis using biphenyl as the internal standard;
b isolated yield; ¢ in the atmosphere of Ar; 4 in the atmosphere of O,; © DMF
was used without purification.
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Table 2 Substrate scope of reaction

N CuCl (20 mol%)

\ 1 CN )
L N R, Rzm NaHSOj3 (2 equiv.)
T ~ CN DMF, 60 °C

NC

HoN

A/
W

3a, 68% 3b, 63% 3¢, 60%
Cl

NC NC NC N NC
P
HoN HoN O HN"N O HoN O
3g, 63% 3h, 64% 3i, 68% 3j, 54%
OCH;

HoN

HoN

3u, 77% 3v, 31% 3w, 81% 3y, 73%

Reaction conditions: 1 (0.5 mmol), 2 (0.5 mmol), CuCl (0.1 mmol), NaHSOj3 (1.0 mmol), DMF (dried by calcium hydride and freshly distilled, 3 mL), 60 C, 8 h.

ATEAZR L 61%F0 66% (117 BOSCRAF 2) HARr=4) 3q Al 3t, 66%). FRIISE, SIRATK a- BRI 2R L (an 2%
3r. 1 H, Y EEAE T AR B TR Y, % s N A R PN, )G, DY 2505 ) BN s N, ]
FIEAT, TSR 143 B0 A N 1R = (3s, 57%, DL BT 1) S N R (Bu~3w, 31%~81%).
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Figure 2 A plausible mechanism

References

[1] (a) Narasaka, K.; Kitamura, M. Eur. J. Org. Chem. 2005, 4505; (b)
Himo, F.; Lovell, T.; Hilgraf, R.; Rostovtsev, V. V.; Noodleman, L.;
Sharpless, K. B.; Fokin, V. V. J. Am. Chem. Soc. 2005, 127, 210; (c)
Alonso, D. A.; Najera, C. Chem. Soc. Rev. 2010, 39, 2891; (d) Suk-
horukov, A. Y.; Ioffe, S. L. Chem. Rev. 2011, 111, 5004; (e) Cai, H.;
Li, D.; Liu, Z.; Wang, G. Acta Chim. Sinica 2013, 71, 717. (%515,
AP, X%, FER, FFR, 2013, 71, 717); () Ran, L.; Li-
ang, H.; Guan, Z. Chin. J. Org. Chem. 2013, 33, 66. (F+If& &, ik

918  http://sioc-journal.cn

cu* N‘

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

i BRI AR S S IR, AT B R R A AT A e
(e, RNt 5 e — R RAT 2- 2 ZEMEE 1 2L 10
Pis ey AR T M SRR T . AN TR
P PR 22 0 B A0 A 0 R B B I SR Sl Al A7
& SR S P I 5 BB AERE— RN IS

T H AL AP T IR S AT AR S R
5 (IR s N R AR 2-28 SRR e AT AL 1) SE 36 T vk
TR R RARE I SR Zd)5(0.5 mmol), F
J5 N (0.5 mmol), S ALWAR(0.1 mmol), AR R
(1.0 mmol) M T4 DMF (3 mL), #t4E8 h /i, M/KEK
SN, SR L8 LERBEEAIN(20 mL X 3), A H I8,
TR G J BT A A = AT AT J 2 B (A il g @ LR LR,
ViV=5c)armaif, fEIZ2E 2- 2R E L S ).

2+
_Cu

FIEHE, HAULE, 2013, 33, 66); () Dai, H.; Yu, H.; Liu, J.; Qin,
X.; Wang, T.; Zhang, X.; Qin, Z.; Fang, J. Chin. J. Org. Chem. 2013,
33, 1104, (MR, T, xdtdbe, %9, EEkE, KK, Z#RDY,
TrEE, AAULFE, 2013, 33, 1104); (h) Liu, Z.; Wei, W.; Gan, C.;
Huang, Y.; Liu, S.; Zhou, M.; Cui, J. Chin. J. Org. Chem. 2013, 33,
2551 CAIEF, 7%, WARD7, dOieE, ek, e, RdE,
AU, 2013, 33, 2551).

[2] (a) Ramalingan, C.; Park, Y.-T. J. Org. Chem. 2007, 72, 4536; (b)
Hashimoto, M.; Obora, Y.; Sakaguchi, S.; Ishii, Y. J. Org. Chem.
2008, 73, 2894; (c) Ramon, R. S.; Bosson, J.; Diez-Gonzélez, S.;

Acta Chim. Sinica 2014, 72, 914—919



W F F R

| HRER

Marion, N.; Nolan, S. P. J. Org. Chem. 2010, 75, 1197.

[3] (a) Choi, E.; Lee, C.; Na, Y.; Chang, S. Org. Lett. 2002, 4, 2369; (b)
De Luca, L.; Giacomelli, G.; Porcheddu, A. J. Org. Chem. 2002, 67,
6272; (c) Augustine, J. K.; Atta, R. N.; Ramappa, B. K.; Boodappa,
C. Synlett 2009, 3378; (d) Zhu, J.-L.; Lee, F.-Y.; Wu, J.-D.; Kuo,
C.-W.; Shia, K.-S. Synlett 2007, 1317.

[4] (a) Tanaka, K.; Kitamura, M.; Narasaka, K. Bull. Chem. Soc. Jpn.
2005, 78, 1659; (b) Liu, S.; Yu, Y.; Libebeskind, L. S. Org. Lett.
2007, 9, 1947; (c) Liu, S.; Liebeskind, L. S. J. Am. Chem. Soc. 2008,
130, 6918; (e) Too, P. C.; Chua, S. H.; Wong, S. H.; Chiba, S. J.
Org. Chem. 2011, 76, 6159.

[5] (a) Ren, Z.-H.; Zhang, Z.-Y.; Yang, B.-Q.; Wang, Y.-Y.; Guan,

Z.-H. Org. Lett. 2011, 13, 5394; (b) Ran, R.; Ren, Z.-H.; Wang,

Y.-Y.; Guan, Z.-H. Green Chem. 2014, 16, 112.

(a) Tang, X.; Huang, L.; Qi, C.; Wu, W.; Jiang, H. Chem. Commun.

2013, 49, 9597; (b) Huang, H.; Ji, X.; Tang, X.; Zhang, M.; Li, X.;

Jiang, H. Org. Lett. 2013, 15, 6254; (c) Tang, X.; Huang, L.; Xu, Y ;

Yang, J.; Wu, W.; lJiang, H. Angew. Chem., Int. Ed. DOIL

10.1002/anie.201311217.

[71 Wei, Y.; Yoshikai, N. J. Am. Chem. Soc. 2013, 135, 3756.

[8] (a) Deng, J.; Sanchez, T.; Al-Mawsawi, L. Q.; Dayam, R.; Yunes, R.
A.; Garofalo, A.; Bolger, M. B.; Neamati, N. Bioorg. Med. Chem.
2007, 15, 4985; (b) Fraley, A. W.; Chen, D.; Johnson, K.; McLaugh-
lin, L. W. J. Am. Chem. Soc. 2003, 125, 616.

[9] Eri¢, S.; Ke, S.; Barata, T.; Solmajer, T.; Stankovi¢, J. A.; Juranic,
Z.; Savi¢a, V.; Zloh, M. Bioorg. Med. Chem. 2012, 20, 5220.

[10] Laufer, S. A.; Zimmermann, W.; Ruff, K. J. J. Med. Chem. 2004, 47,

6311.

—
(=
—

Acta Chim. Sinica 2014, 72,914—919

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[11] Ji, H.; Delker, S. L.; Li, H.; Martasek, P.; Roman, L. J.; Poulos, T.
L.; Silverman, R. B. J. Med. Chem. 2010, 53, 7804.

[12] Zong, R.; Zhou, H.; Thummel, R. P. J. Org. Chem. 2008, 73, 4334.

[13] (a) Chen, J.; Pang, Q.; Sun, Y.; Li, X. J. Org. Chem. 2011, 76, 3523,
(b) Chen, J.; Song, G.; Pan, C. L.; Li, X. Org. Lett. 2010, 12, 5426.

[14] Bentabed-Ababsa, G.; Ely, S. C. S.; Hesse, S.; Nassar, E.; Cheval-
lier, F.; Nguyen, T. T.; Derdour, A.; Mongin, F. J. Org. Chem. 2010,
75, 839.

[15] (a) Hand, E. S.; Paudler, W. W. J. Org. Chem. 1978, 43, 2900; (b)
Denora, N.; Laquintana, V.; Pisu, M. G.; Dore, R.; Murru, L.; La-
trofa, A.; Trapani, G.; Sanna, E. J. Med. Chem. 2008, 51, 6876; (c)
Yan, R.-L.; Yan, H.; Ma, C.; Ren, Z.-Y.; Gao, X.-A.; Huang, G.-S.;
Liang, Y.-M. J. Org. Chem. 2012, 77, 2024; (d) Zeng, J. Y.; Tan, J.;
Leow, M. L.; Liu, X.-W. Org. Lett. 2012, 14, 4386; (e) He, C.; Hao,
J.; Xu, H.; Mo, Y.; Liu, H.; Han, J.; Lei, A. Chem. Commun. 2012,
48, 11073; (f) Santra, S.; Bagdi, A. K.; Majee, A.; Hajra, A. Adv.
Synth. Catal. 2013, 355, 1065; (g) Bagdi, A. K.; Rahman, M.;
Santra, S.; Majee, A.; Hajra, A. Adv. Synth. Catal. 2013, 355, 1741.

[16] Chichibabin, A. E.; Zeide, O. A. J. Russ. Phys. Chem. Soc. 1914, 46,
1216.

[17] (a) Cai, Z.-J.; Wang, S. Y.; Ji, S.-J. Org. Lett. 2012, 14, 6068; (b)
Cai, Z.-J.; Wang, S. Y.; Ji, S.-J. Adv. Synth. Catal. 2013, 355, 2686.

[18] Wu, Q.; Zhang, Y.; Cui, S. Org. Lett. 2014, 16, 1350.

[19] (a) Trost, B. M.; Rhee, Y. H. J. Am. Chem. Soc. 2002, 124, 2528; (b)
Nitta, M.; lino, Y. Bull. Chem. Soc. Jpn. 1986, 59, 2365; (c) Deem-
ing, A. J.; Owen, D. W.; Powell, N. L. J. Organomet. Chem. 1990,
398, 299; (d) Guan, Z.-H.; Zhang, Z.-Y.; Ren, Z.-H.; Wang, Y.-Y.;
Zhang, X. J. Org. Chem. 2011, 76, 339.

(Cheng, F.)

http://sioc-journal.cn 919




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


