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Preparation of Trans-Cinnamic Acid via “One-Pot” Protocol of Aldol
Condensation-Hydrolysis Reaction: Recommending an Improved
Organic Synthesis Experiment

Yukun Chang, Haogin Huang, Baolei Wang *
State Key Laboratory of Elemento-Organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071, China.

Abstract: Cinnamic acid is an important intermediate in organic synthesis and a valuable raw material in the fine
chemicals industry, with a wide range of applications across various fields. The preparation of cinnamic acid is a
significant component in undergraduate organic chemistry experiments. Traditionally, it is achieved through the classic
Perkin reaction, using benzaldehyde and acetic anhydride as starting materials and employing potassium
acetate/potassium carbonate as catalysts. This article proposes a novel approach, namely the Aldol condensation-
hydrolysis method, for the synthesis of trans-cinnamic acid. In this method, benzaldehyde, ethyl acetate, and
potassium tert-butoxide are used as reactants, and the reaction proceeds through a “one-pot” process involving reflux,
distillation, alkali hydrolysis, distillation again, and acidification, ultimately yielding pure trans-cinnamic acid. This
method offers numerous advantages, including the use of inexpensive raw materials and reagents, low quantities
required, simple equipment setup, low energy consumption, easy operation, high yield, short reaction time, and
minimal environmental pollution. Therefore, it is highly recommended for undergraduate experimental teaching.
Furthermore, this method not only helps students acquire a comprehensive understanding of fundamental theoretical
knowledge and experimental skills but also encourages them to think innovatively in terms of convenient and efficient
synthesis of organic compounds. Additionally, it fosters awareness of energy conservation and environmental
protection, contributing to the development of well-rounded individuals.
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ZMRALJE FEEW R . 7E100 mLIE R 1N 1.06 g (10 mmol) 2K %, 3.52 g (40 mmol) 4R 2
RIS mL DY RIR , BT, SRS N 1 At 2 NN 1.68 g (15 mmol) U] FE 4 . KR &
Yt S0 e RN B2 by, A A, AR INN25 mL/K P K SN o B Bl 2 B oA & T 28 E
ZE PRV I U S0k RO B 4R SR, AT A 28R FE R 77 o CIRFEP R4 ki # . A& RIFIR %50 °C
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WIEHHPE, H/DEA KRS, T, BRE, £41.082 gi=d, 57=%73.03%. SLKH[A1Z)74-4.5 h.
PE N E G E AR, mep. 130-131 °C. 'H NMR (CDCls, 400 MHz) ¢ 11.30 (br, 1H, COOH), 7.80 (d, J =
16.0 Hz, 1H, CH=CH), 7.55-7.57 (m, 2H, Ph-H), 7.40-7.42 (m, 3H, Ph-H), 6.46 (d, J = 16.0 Hz, 1H,
CH=CH); *C NMR (CDCl;, 101 MHz) § 172.15, 147.12, 134.08, 130.77, 128.99, 128.39, 117.28.
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5 50 =i 0.671 45.29
6 60 Eii 0.483 32.61
7 40 ENS 0.751 50.69
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S R[] /h e/ FEE %
1 0.941 63.51
1.5 1.046 70.60
2 1.082 73.03
25 1.025 69.18
3 1.034 69.79
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Aldol 45 & 2 BN\ K #/mL Fr/g FEE Y%
0.1 0.987 66.62
0.2 0.770 51.97
0.5 0.342 23.08

“LL10 mmolZK . 40 mmol Z R Z B+ 15 mmolfiU T BEH . 15 mLIYERRI . [H1942 hoy 2 uE 17 50



K 2 AL 2 Univ. Chem. 2024, 39 (4), 327

KA R T LA, TEAldol i & I N A0 BR Al 22 o 51 N 7K 2 5 1l 75 1 AR IR 7 26 PIT B A1
HINPIKER N, BIWCN0.1 mLE, B8 AR5 AT LL66.62% F b= R F 15 24 aMin/K &1
%, Hln0.5 mLis, FERKIEEK, NA23%KE4, Br-mgit ki, meeRmi&tE FEEKS
Bl BE. BROUE TSR LRI RN TS B, BETE b I N BRI 7 R 5 NG 2 K HEN
AR, SEIGACAS N TR IRIEEH 2RI 2R, T 20 b S0 IR0 T B 4 RN DY S0 e 253K 751 R0 95 551
HEAT SN, FEIEH 2RI o B AT DL PR R (T3% 20 4 A ) 4%t AL EE R 7= b, R S SR b &
IKGF X = FE AN, HEN AT RE B TR T EEAR R B, HY R E AR EIRY .56, TfE—
€ AR HRVE X /D B 7K IE B 52

gE LR, $EIROU IS R BLEAE, LA1.06 gk FREEAT RNV RIS 21 gDh B REERE 7= &, X
ARSI R AN, PR SR B PR ER 7 T T I T R I €8 R R 45 o A EE
ERmrfgal i, Bt KZ2AM, PYRKE S N130-131 °C, 5kaNWERE SIEA . hZuE
BER T, XEE ERPI AN EIEIRS S IAES 7.80F16.464k, HELS N, BEHBI =16.0Hz, N
BT I UM BURRAE o hAh, 2 L i PerkinyZi 78 ] £ S B HR A8 2 BRIFF J5R)E, 7 5 B IR Ak A0 B o A
WERTRIR AL, XL ysmB M . e . B RS S BT, B R R & Y 2
PEASR A R HE T SR IR B3 T g, s 2 A NS 2 I S LR R B s AR T IR A N 4 R
F .18 B8 JFE R AT I BR R LR, M2 T HAMEAREE. (R, Ze5/83. FARRER

\\\\\

6 A

(1) PAASCHR 771, BN ALdoI4i & -/K iR« —4R 7 VEIEAT I R PURERR 1 4 i), T LASE AT S5
PR BORHRR L, 5 [ R R 4T J5 200 FE/E S HAR, (8 T 55 2 2e it 1]

() BT EEATE TR, ARE, SR, B EMETs, R i . S8 7Y
SRR LA K, R I R R B R AR . SO0 S A A TR, KO S 4 SRS R AR /N,
SEFAE 2 TS B 2 R rh 3 AR U S BT R AR R R R R I %, B R IBR & R
A RERR = o 5% QAT BT Il 7K X S0 25 SR AR S R I 0, 3 A S AN A 2 DR 2 R B i o 4
SR REPEAE RN, T 7E I b e TR AT R

(3) ST A R 7840 TR ST, 40T LA AR 77 3k 5 8 Ly Perkiin V25 11 4% AV RE TR J5L B0 L S2 00 R
i R 2 2 A . FE AR RVERE LR AT S R i HE A TE A A 4 S S R AL JE U, 4 SR
Aldol i & -7K R “— 437 W R Perkinys: E 4T A RE R 1) 46 S0, 4 193 A0 7 V25 (1) L LU (AR 40 o7 B 127 2
T [RBE  SER B AR J7 1), LA 35 22 AR BB B R SE R AR A RE A .

7 4iE

ASCHR T S A 7V T A s AR, B ALdol4E A - K R <8R 7 . %71 DL F R
LR TG BUT R, PUSRKRIRE . SRR B oA, AR O N 251 v . DAY &R I 1
W, EHEE. LR CEEABUT BEAT S N EE R LT 40 1.5, [H19i2 he BEMAREELL “—48” M5
SRR HEAT 2518 IR R 28RN R L RO 75 S SR EE R - FH 1.06 g2 H i J el a ot by ] i) 759 e 5K
WRERR 2L i1 1.082 g, 77 2%73.03%. 1% 7152 A ER ARG BRI 2 15 H /D« SZU0 2% & ) o BAE(E 4.
RERE/IN. 72 R RFE I S R 5 A, TR) A 4% R Z V30 A7 S 36 R o 2D 17 SRS e 4 ) %0 4668 D R o8 i bk 4
JREVHE, R G 8OF LR M b 22 BR, & — PP RO AT i) 2% S X R RR I8 v AN
AN PRERR A A L 2 BR R SR L3 g 2 AR s, i B e EAMEH T ARSI #:, B
FI T Xof 2 AL AE B2 22 U 1) R A FRAR R0 R R SE IR B RE I RTINS A0 R (R 4 2k B ML 1R 1) T SR 4

ST RE I R BORASE LR G R A IR



K 2 AL % Univ. Chem. 2024, 39 (4), 328

& % X M

(1] Wy, Znss, BHAE, ek, SR, M=3E, IERR. Ker, 2013, 28 (6), 29.
[2] 6%, 2SR, BIEM. K2, 2019, 34 (6), 53.
3] FEAK, BEE, KR, =0 i Escly. FUR. et B R, 2003: 160-161.
[4] EIEAR, 5KIRE, H/NE, EEH. KL, 2012, 27 (6), 51,
[5] Kelly, M. J. B.; Fallot, L. B.; Gustafson, J. L.; Bergdahl, B. M. J. Chem. Educ. 2016, 93 (9), 1631.
[6] HaiEER, S, JRRE. TSR, 2005, 46 (1), 38.
[7] Chavan, H. V.; Bandgar, B. P. ACS Sustain. Chem. Eng. 2013, 1 (8), 929.
[8] fRJeHm. LRI, 2005, No. 9, 1.
[91 #MFEH, XK, xlieds. BARIE T, 2000, 20 (5), 27.
[10] FRE#, 253, Tk KiET, 2005, 19 (6), 27.
[11] Kirti, L.; Czako, B. Strategic Applications of Named Reactions in Organic Synthesis; Background and Detailed Mechanisms; Elsevier Academic
Press: Burlington, MA, USA, 2005; pp. 242-243.




<<
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


