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ABSTRACT

4-Hydroxypyridine undergoes a smooth reaction with alkyl propiolates in the presence of triphenylphosphine to produce o and
[B-substituted alkyl acrylate products. When the reaction was performed with 4-hydroxyquinoline only a-substituted alkyl

acrylates were obtained.
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Organophosphorus compounds have often been used in
organic synthesis as useful reagents, in addition to being utilized
as ligands for a number of transition metal catalysts.'” The phos-
phine-induced isomerization of alkynoates and subsequent
addition to the a-position of these substrates has demonstrated
the possibility of a new route to a-substituted alkyl acrylates by
employing this alkynoate-nucleophilic addition at the a-posi-
tion. In this regard, triphenylphosphine (PhsP) has received
increasing attention as a versatile and mild reagent for various
organic transformations under neutral conditions in recent
years.*™"!

In this work, we present the nucleophilic ¢ and g-addition of
4-hydroxypyridine (1) to alkyl propiolates (2) in the presence of
Ph,P under neutral conditions to produce alkyl 2-(4-oxo-
pyridin-1(4H)-yl)acrylate (3) and (2E)-alkyl 3-(4-oxopyridin-
1(4H)-yl)acrylate (4) in good yields (Scheme 1).

The reaction proceeded at room temperature in CH,Cl, and
was finished within 24 h. The products were separated by
column chromatography and identified as 3a and 4a, based on
their elemental analyses and their IR, 'H, and "C NMR spectral
data. The 'H NMR spectrum of 3a exhibited a single resonance

* To whom correspondence should be addressed. E-mail: b.mohtat@jooyan.org

signal for the methyl group at 6 = 3.90 ppm, together with two
doublets at 6 = 5.95 and 6.49 ppm with | = 1.4 Hz, which were
readily assigned to the C=CH, group. The "C NMR spectrum of
3a showed 7 distinct resonances in agreement with the struc-
ture of methyl 2-(4-oxopyridin-1(4H)-yl)acrylate. Similarly, the
'"H NMR spectrum of 4a exhibited an AX system for the
trans-olefinic protons at = 5.92 and 7.60 ppm with | = 14 Hz.

Mechanistically, it is conceivable that the reaction leading to 3
and 4 involves the initial formation of a zwitterionic 1:1 interme-
diate 5 of Ph,P and the acetylenic compound (Scheme 2)."”* The
intermediate 5 is then protonated by the OH-acidic 1 to afford 6.
Then the positively charged ion is attacked by the nitrogen
atom of the conjugate base of the NH-acid 7 at the a-position.
Compound 3 is subsequently formed by the elimination of Ph,P.
Attack of the conjugate base on the S-position of 6 ultimately
leads to product 4.

When the reaction is carried out using 4-hydroxyquinoline
only the a-substituted alkyl acrylates (11) were obtained in
excellent overall yields (Fig. 1). This selectivity is possibly due
to the steric bulk of the triphenylphosphine employed in the
reaction.

In conclusion, the functionalized acrylates reported here may
be considered as potentially useful synthetic intermediates
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Typical procedure for compounds 3 and 4.
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A possible mechanism for preparation of 3 and 4.
o and 179.1 ppm (C=0); v, . (CHCL): 1733 cm™ (C=0); m/z: 179
(M+,20), 83 (75), 59 (40) and 39 (64); (Found: C, 60.42; H, 5.01; N,
| 7.77 %. Calc. for C;HNO, (179.17): C, 60.33; H, 5.06; N, 7.82).
N
/\ (2E)-Methyl 3-(4-oxopyridin-1(4H)-ylacrylate late (4a)
CO,R Yellow powder; yield: 0.07 g (21 %); m.p.: 97-100 °C; 9,
(300 MHz, CDCL,): 3.82 (3H, s, OCH,), 5.92 (1H, d, ] 14.1 Hz, CH),
1 | R yield % 6.22 (2H, d, J 8.0 Hz, 2 CH), 7.54 (2H, d, ] 8.0 Hz, 2 CH), and
al M 7.60 ppm (H, d, ] 14.1 Hz, CH); 6, (75 MHz, CDCL,): 52.2 (OCH,),
b ’ Ete ;z 105.2 (CH), 119.8 (2 CH), 136.3 (2 CH), 142.4 (CH), 165.9 (C=0),
and 179.6 ppm (C=0); v, (CHCl,): 1713 cm™ (C=0); (Found: C,
Figure 1. 60.24; H, 5.10; N, 7.79 %. Calc. for C;H,NO, (179.17): C, 60.33; H,

because they possess variable functionality. Advantages of the
present method include the application of the reaction under
neutral conditions and the fact that the transformation involves
a one pot reaction.

Experimental

Typical Procedure for Preparation of (3)

To a stirred solution of Ph,P (0.52 g, 2 mmol) and 1 (0.19 g,
2mmol) in CH,Cl, (10 mL) was added, drop-wise, to a mixture of
2 (2 mmol) in CH,Cl, (4 mL) over 10 min. The reaction mixture
was then stirred for 24 h. The solvent was removed under
reduced pressure and the residue was separated by column
chromatography (SiO,, n-hexane:EtOAc = 1:1) to afford the
pure title compounds.

Methyl 2-(4-oxopyridin-1(4H)-ylacrylate (3a)

Yellow powder; yield: 0.21 g (58 %); m.p.: 90-92°C; o
(300 MHz, CDCL): 3.90 (3H, s, OCH,), 5.95 (1H, d, J 1.4 Hz, CH),
6.40 (2H, d, ] 6.1 Hz, 2 CH), 6.49 (1H, d, ] 1.4 Hz, CH), and
7.32ppm (2H, d,] 6.1Hz, 2 CH); 6_(75 MHz, CDCL,): 53.4 (OCH,),
118.3 (2 CH), 123.4 (CH,), 139.4 (2 CH), 140.2 (C), 162.1 (C=0),

5.06; N, 7.82).

Ethyl 2-(4-oxopyridin-1(4H)-ylacrylate (3b)

Yellow powder; yield: 0.24 g (62 %); m.p.: 93-95°C; 9,
(300 MHz, CDCL,): 1.28 (3H, t, ] 7.1 Hz, CH,), 4.30 (2H, q, ] 7.1Hz,
OCH,), 6.11 (2H, d,]7.9Hz,2 CH),6.14 (1H, d, ] 1.5 Hz, CH), 6.44
(1H, d, ] 1.5 Hz, CH), and 7.59 ppm (2 H, d, ] 7.9 Hz, 2 CH); 6,
(75 MHz, CDCl,): 14.2 (CH,), 62.9 (OCH,), 118.1 (2 CH), 123.1
(CH,), 1409 (2 CH), 141.5 (C), 162.7 (C=0), and 178.5 ppm
(C=0);v,,, (CHCL,): 1737 cm™ (C=0); m/z: 193 (M+, 4), 164 (96),
120 (20) and 96 (32); (Found: C, 62.54; H, 5.57; N, 7.68 %. Calc. for
C,H,NO, (193.2): C, 62.17; H, 5.74; N, 7.25).

(2E)-Ethyl 3-(4-oxopyridin-1(4H)-ylacrylate (4b)

Yellow powder; yield: 0.09 g (24 %); m.p.: 105-107 °C; d,,
(300 MHz, CDCL,): 1.26 (3H, t, ] 7.1 Hz, CH,), 4.20 (2H, q, ] 7.1Hz,
OCH,),6.18(1H,d,J14.1Hz,CH),6.22(2H,d,]7.9Hz,2CH),7.83
(1H, d, ] 14.1 Hz, CH), and 8.01 ppm (2 H, d, ] 7.9 Hz, 2 CH); J,
(75 MHz, CDCl,): 14.5 (CH,), 61.0 (OCH,), 105.4 (CH), 119.5
(2 CH), 138.1 (2 CH), 144.0 (CH), 166.4 (C=0), and 178.8 ppm
(C=0);v,,,, (CHCL): 1713 em™ (C=0); (Found: C, 62.62; H, 5.47;
N, 7.60 %. Calc. for C,;H,;,NO, (193.2): C,62.17; H,5.74; N, 7.25).
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Methyl2-(4-oxoquinolin(4H)-ylacrylate (11a)

Yellow oil; yield: 0.35g (77 %); 6, (300 MHz, CDCL,): 3.78 (3H, s,
OCH,), 6.16 (1H, s, CH), 6.30 (1H, d, ] 7.8 Hz, CH), 6.85 (1H, s,
CH),7.10 (1H, d, ] 8.5 Hz, CH),7.37 (1H, t,] 7.2 Hz, CH), 7.43 (1H,
d,] 7.8 Hz, CH), 7.58 (1H, t, ] 7.2 Hz, CH), and 8.41 ppm (1H, d,
] 8.5 Hz, CH); &, (75 MHz, CDCL,): 53.4 (OCH.) 110.7 (CH), 116.2
(CH), 124.1 (CH,), 126.4 (C), 126.8 (CH), 129.1 (CH), 132.2 (CH),
139.3 (C), 140 4 (C), 142.2 (CH), 162.9 (C=0), and 178.4 ppm
(C=0); v, (CHCL): 1741 cm™ (C=0); m/z: 229 (M+, 23), 201
(44), 170 (75), 115 (40); (Found: C, 68.31; H, 4.95; N, 6.24 %. Calc.
for C;H, NO, (229.23): C, 68.11; H, 4.84; N, 6.11).

Ethyl2-(4-oxoquinolin(4H)-yl)acrylate (11b)

Yellow oil; yield: 0.34 g (71 %). 6,, (300 MHz, CDCL,): 1.24 (3H, t,
J7.1Hz, CH,), 4.26 (2H, q,] 7.1 Hz, OCH,), 6.14 (1H, s, CH), 6.33
(1H, d,J 7.8 Hz, CH), 6.84 (1H, s, CH), 7.12 (1H, d, ] 8.5 Hz, CH),
7.38 (1H, t, ] 7.3 Hz, CH), 7.44 (1H, d, ] 7.8 Hz, CH), 7.59 (1H, t,
J7.3Hz, CH), and 8.43 ppm (1H, d, ] 8.5 Hz, CH); 14.0 (CH.,), 62.0
(OCH2)110.7 (CH), 116.2 (CH), 124.8 (CH,), 125.9 (C), 126.3 (CH),
128.7 (CH), 132.5 (CH), 139.0 (C), 141 7 (C), 142.1 (CH), 162.3
(C=0), and 178.6 ppm (C=0); v, (CHCL): 1729 cm™ (C=0);
m/z: 243 (M+, 38), 229 (71), 214 (20), 170 (34), (C, 69.34; H, 5.33;
N, 5.84 %. Calc. for C ,H,,NO, (243.26): C,69.12; H, 5.39; N, 5.76).

References

1 L.D. Quin, A Guide to Organophosphorus Chemistry, Wiley-Inter-
science, New York, 2000.

2 R. Engel, Synthesis of Carbon—phosphorus Bonds, CRC Press, Boca
Raton, 1998.

3 D.E.C.Cobridge, Phosphorus: An Outline of Chemistry, Biochemistry and
Uses, 5th edn., Elsevier, Amsterdam, 1995.

4 1. Yavari and A. Ramazani, Synth. Commun., 1997, 27, 1449-1454.

5 I Yavari and H. Norouzi-Arasi, Phosphorus, Sulfur, and Silicon, 2002,
177, 87-92.

6 1. Yavari, S. Souri, M. Sirouspour, H. Djahaniani and E Nasiri, Synthe-
sis, 2005, 1761-1764.

7 1. Yavari and M. Bayat, Tetrahedron, 2003, 59, 2001-2005.

8 R.M. Acheson and N.E Elmore, Adv. Heterocycl. Chem., 1978, 23,
263-482.

9 R.M. Acheson and J. Woollard, J. Chem. Soc. Perkin Trans. 1, 1975,
438-445.

10 I Yavari, A.R. Alborziand B. Mohtat, J. Chem. Res. (S), 2007, 401-403.

11 (a)I. Yavari, N. Hazeri, M.T. Maghsoodlou and S. Souri, J. Mol. Cataly-
sis 2007,264,313317. (b) B. Mohtat, S. Jabbar, A. Ghasemi and I. Yavari,
J. Chem. Res. (S), 2008, 601-603

12 Y. Shen, Acc. Chem. Res., 1998, 31, 584-592.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.09600
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00800
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00556
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


