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SYNTHESIS AND INSECTICIDALACTIVITY
OF NOVEL DIMERS OF CELANGULIN-V
AND PODOPHYLLOTOXIN

Ji-wen Zhang,!? Sheng-kun Li,!? Zhi-qin Ji,! UDC 547.66
Zhao-nong Hu,! and Wen-jun Wul2*

Celangulin-V (1) and podophyllotoxin (2) are both natural compounds with significant insecticidal activity.
The identical and nonidentical dimers of celangulin-V and podophyllotoxin (3, 4, 5) were synthesized using
succinic acid as the linker, and their insecticidal activities against 3rd instar larvae of Mythimna separata
were tested. Only the identical dimer of celangulin-V (3) show some insecticidal activity.
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Natural products have been a continuous source of new lead compounds for drugs and pesticides. In recent years,
much interest has centered on the role of natural products influencing the association of plants and insects and development of
botanical pesticides possessing high insecticidal activity, low toxicity in nontarget organisms, and safety in the environment
[1,2].

Celangulin-V (1) and podophyllotoxin (2) are two important bioactive natural compounds from Celastrus angulatus
M. and Juniperus sabina L. that showed antifeedant activity and stomach poisonous effects against Mythimna separata [3-5].
As lead compounds for pesticides, a large number of derivatives of podophyllotoxin and celangulin-V have been prepared,
some of which displayed significant insecticidal activity [5, 6]. To our knowledge, there are no reports on the insecticidal
activity and synthesis of dimers of celangulin-V and podophyllotoxin, although some dimeric chemical structures have especially
high biological activities in drug research. Examples of identical twin drugs and nonidentical twin drugs include artemisinin
[7, 8], protein kinase C (PKC) [9], and paclitaxel-camptothecin [10].

The aim of this work was to investigate whether the two insecticidal compounds link together to make dimers displaying
multiple activity or improved activity. We report in this paper the synthesis and insecticidal activity of the identical 3 and 4 and
nonidentical 5.
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a. DCC, DMAP, DCM, stired at 20°C for 3 h.

Scheme 1. Synthesis pathway of compound 3.
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TABLE 1. Experimental Data of the Three Dimmers

HRMS/([M+Na]") 20 o . o
Compound Formula Caled. (Found) [a]p °(c, mg/mL) Mp, °C Yield, %
3 C7,HosOng 1429.5829(1429.5833) +2/(0.6) 233-235 63.6
4 CygHy6015 933.2582(933.2571) —-50/(0.4) 180-182 60.4
5 CgoH70023 1181.4206(1181.4218) —-62/(0.5) 176-178 54.6
TABLE 2. Insecticidal Activities Data of Compounds 1-5
Test, % CK 1 2 3 4 5
Mortality rate 0 46.7 13.3 16.7 0 0
Antifeedant index 0 26.2 67.3 0 0 0
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b. DCC, DMAP, DCM, stired at 20°C for 3 h.
Scheme 2. Synthesis pathway of compound 4.
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c. DCC, DMAP, DCM, stired at 20°C for 3 h.

Scheme 3. Synthesis pathway of compound 5.

The synthesis pathways of compounds 3, 4, and 5 are shown in Scheme 1, 2, and 3. The experimental data of the
dimers are shown in Table 1.

All the structures of the dimers were certified by IHNMR, 13C NMR, DEPT, and HR-ESI-MS. Besides the monomers,
the methylene and carbonyl signals of the succinic acid linker can been found in the NMR spectra of the dimers. Signals for the
linker of compound 3 appear at 8 3.47 (4H, m), 29.3 (CH,), and 170.5 (C=0); signals for compound 4 appear at 2.77 (4H, t,
J=13.5),29.1 (CH,), and 173.6 (C=0); and signals for compound 5 appear at 3.48 (2H, m), 2.73 (2H, m), 29.5 (CH,), 33.9
(CH,), 170.5 (C=0), and 173.7 (C=0). Insecticidal activities against 3rd instar larvae of Mythimna separata of the three
dimers were tested. Unfortunately, they do not show any antifeedant activities at concentration of 5%, and only compound 3
shows some stomach poisonous activity. The insecticidal activity data of the dimers are shown in Table 2.
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EXPERIMENTAL

Celangulin-V (1) was provided by the Institute of Pesticides, Northwest A&F University. Podophyllotoxin (2) was
provided by Prof. Xuan Tian, Lanzhou University.

TH NMR and '3C NMR spectra were recorded on a Bruker AM-500 spectrometer in CDCl; with TMS as internal
standard. Melting points were recorded on an electrothermal digital apparatus made in Beijing and were uncorrected. HR-MS
were recorded under ESI condition using a APEX II 49¢ (ESI) instrument. Optical rotation was measured by a Perkin—Elmer
Model 241 instrument. Analytical thin-layer chromatography (TLC) was carried out on precoated plates (silica gel), and spots
were visualized with H,SO,~EtOH. Separation and purification were carried out by column chromatography on silica gel
(200-300 mesh) (Qingdao Haiyang Chemical Group Co., P. R. China). Yields were not optimized. Succinic acid celangulin-V
ester (1a) and succinic acid podophyllotoxin ester (2a) were prepared by the literature method [3, 11]. Solvents were dried by
standard methods and distilled. The title compounds were synthesized under a nitrogen atmosphere.

Insecticidal activity was investigated using a leaf disc choice method. The concentration of the tested compounds was
5% in acetone [12].

Synthesis of 3. A mixture of celangulin-V (1) (0.079 g, 0.12 mmol) and succinic acid celangulin-V ester (1a) (0.076 g,
0.1 mmol), dimethylaminopyridine (DMAP, 0.012 g, 0.1 mmol), and N,N-dicyclohexylcarbodiimide (DCC, 0.042 g, 0.02 mmol)
in dry dichloromethane (DCM, 20 mL) was stirred for 3 h at 20°C. The resulting suspension was filtered, and saturated NH,Cl1
(30 mL) was added into the DCM layer. After extracting with dichloromethane (25 mL X 3), the organic layer was dried and
concentrated to give the crude product, which was then purified by silica gel column. A yield of 63.6% (0.089 g) of a white
powder was obtained, mp 233-235°C, [a]éo +2° (¢ 0.6, MeOH), C5,Hg,O,¢ HRMS/([M+Na]") Calcd. (Found) 1429.5829
(1429.5833).

TH NMR (CDCl,, 500 MHz, 6, ppm, J/Hz): 5.47 (2H, d, J = 3.5), 5.36 (2H, d, J = 3.5), 1.96, 2.09 (4H, m), 6.51 (2H,
s),2.53 (2H, d,J=3.5),5.77 (2H, dd, J =3.5,J =9.5), 6.04 (2H, d, ] = 9.5), 4.88, 4.66 (4H, dd, J = 13.5), 1.72 (6H, s), 1.60
(6H, s), 1.47 (6H, s), 2.92 (2H, m), 2.37 (2H, m), 1.38 (12H, m), 0.97 (12H, m), 7.86 (4H, d, ] =8.0), 7.41 (4H, dd, ] = 7.5,
J=28.0), 7.55 (2H, dd, J = 7.5, J = 8.0), 2.09 (6H, s), 1.54 (6H, s), 3.47 (4H, m).

13C NMR (CDCls, 125 MHz, 8, ppm): 75.5 (CH), 67.7 (CH), 42.1 (CH,), 69.6 (C), 92.2 (C), 75.9 (CH), 52.3 (CH),
73.4 (CH), 75.2 (CH), 51.5 (C), 84.4 (C), 61.8 (CH,), 24.7 (CHj), 29.8 (CHj3), 25.9 (CHj), 176.8 (C=0), 175.6 (C=0), 169.6
(C=0), 169.5 (C=0), 165.6 (C=0), 21.1 (CH3), 20.5 (CHj;), 133.5 (CH), 128.7 (2 x CH), 129.3 (C), 129.4 (2 x CH), 34.2
(CH), 34.1 (CH), 19.1 (CH3), 19.0 (CHy), 18.6 (CH;), 18.5 (CHj), 170.5 (C=0), 29.3 (CH,).

Synthesis of 4 and 5. Compound 4 was prepared from podophyllotoxin (2) and compound 5 from podophyllotoxin
(2) and succinic acid celangulin-V ester (1a) in the same way.

Compound 4 was obtained as a white powder, yield 60.4%, mp 180—-182°C, [a]éo —50° (¢ 0.4, MeOH), C;gH,(0 ¢
HRMS/([M+Na]*) Calcd. (Found) 933.2582 (933.2571).

THNMR (CDCl,, 500 MHz, 6, ppm, J/Hz): 4.12 (2H, m), 4.62 (2H, d, ] = 4.0), 6.55 (2H, 5), 5.97 (2H, d, ] = 1.5), 5.99
(2H, d,J =1.5),6.81 (2H, s), 5.95 (2H, d, J =9.0), 2.92 (2H, m), 4.39 (2H, m), 4.19 (2H, m), 6.40 (4H, s), 3.76 (12H, s), 3.81
(6H, s), 2.77 (4H, m).

13C NMR (CDCl,, 125 MHz, 8, ppm): 173.6 (C=0), 45.5 (CH), 43.7 (CH), 128.0 (C), 106.9 (CH), 148.2 (C), 101.7
(CH,), 147.6 (C), 109.8 (2 x CH), 132.3 (C), 74.2 (CH), 38.6 (CH), 71.2 (CH,), 134.8 (C), 108.2 (CH), 152.7 (2 x C), 137.3
(©), 56.2 (2 x CHy), 60.8 (CH3), 172.9 (C=0), 29.1 (CH,).

Compound 5 was obtained as a white powder, yield 54.6%, mp 176—-178°C, [a]éo —62° (¢ 0.5, MeOH), C(,H;0,5
HRMS/([M+Na]*) Calcd. (Found) 1181.4206 (1181.4218).

TH NMR (CDCl,, 500 MHz, 6, ppm, J/Hz): 5.48 (1H, d, J = 3.0), 5.36 (1H, d, J = 3.0), 1.95, 2.09 (2H, m), 6.53 (1H,
s),2.53 (1H, d, J=3.0), 5.77 (1H, dd, J = 3.0, J =9.5), 6.05 (1H, d, J = 9.5), 4.88, 4.67 (2H, dd, J = 13.0), 1.73 (3H, s), 1.59
(3H,s), 1.51 (3H, s), 2.38 (1H, m), 2.81 (1H, m), 0.95 (6H, m), 1.38 (6H, m), 2.08 (3H, s), 1.55 (3H, s), 7.86 (2H, d, J = 8.0),
7.41 (2H, dd, 1 =28.0,J=17.5),7.56 (1H, dd, J = 8.0, 1 =7.5), 3.48 (2H, m), 2.73 (2H, m), 4.17 (1H, m), 4.61 (1H, d, J = 4.0),
6.53 (1H, s), 5.99 (2H, m), 6.79 (1H, s), 5.93 (1H, d, ] =9.0),2.70 (1H, m), 4.39 (1H, m), 4.19 (1H, m), 6.40 (2H, s), 3.77 (6H,
s), 3.82 (3H, s).

13C NMR (CDCls, 125 MHz, 8, ppm): 75.5 (CH), 67.6 (CH), 42.1 (CH,), 69.6 (C), 92.1 (C), 75.9 (CH), 52.3 (CH),
73.4 (CH), 75.2 (CH), 51.4 (C), 84.4 (C), 61.8 (CH,), 24.7 (CHj), 29.8 (CHj3), 25.6 (CHj3), 176.8 (C=0), 175.6 (C=0), 169.6
(C=0), 169.5 (C=0), 165.6 (C=0), 21.2 (CH5), 20.5 (CH;), 133.5 (CH), 128.7 (2 x CH), 129.4 (2 X CH), 129.5 (C), 34.3
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(CH), 34.2 (CH), 19.0 (CH,), 18.9 (CH,), 18.6 (CHj), 18.4 (CH,), 170.5 (C=0), 29.5 (CH,), 33.9 (CH,), 173.7 (C=0), 172.8
(C=0), 45.6 (CH), 43.8 (CH), 128.2 (C), 106.9 (CH), 148.2 (C), 101.6 (CH,), 147.6 (C), 109.8 (2 x CH), 132.3 (CH), 73.9
(CH), 38.6 (CH), 71.2 (CH,), 134.8 (C), 108.2 (CH), 152.7 (2 x C), 137.2 (C), 56.2 (2 x CHj), 60.8 (CH).

ACKNOWLEDGMENT

This work was supported by the National Natural Science Foundation of China (No. 30800729) and the 973 project

of China (2003CB114404).

REFERENCES
1. Murray B. Isman, Pest Manag. Sci., 64, 8 (2008).
2. Leonard G. Copping and Stephen O. Duke, Pest Manag. Sci., 63, 524 (2007).
3. Zhijun Qi, Xiaoping Xue, Wenjun Wu, Jiwen Zhang, and Runya Yang, J. Agric. Food Chem., 54, 20, 7600 (2006).
4. Jin-Ming Gao, Wen-Jun Wu, Ji-Wen Zhang, and Yasuo Konishi, Nat. Prod. Rep., 24, 1153 (2007).
5. Ying-Qian Liu, Liu Yang, Yanqing Liu, Xudong Di, Hang Xiao, Xuan Tian, and Rong Gao, Nat. Prod. Res., 21, 11,
967 (2007).
6. Zhang Jiwen, Ji Zhiqin, and Wu Wenjun, J. Northwest A&F. Univ., 32, 10, 99 (2004).
7. J. Prince Jeyadevan, Patrick G. Bray, James Chadwick, Amy E. Mercer, Aoife Byrne, Stephen A. Ward, B. Kevin
Park, Dominic P. Williams, Rick Cosstick, Jill Davies, Adrian P. Higson, Ed Irving, Gary H. Posner, and Paul M. ONeill,
J. Med. Chem., 47, 1290 (2004).
8. Yonghong Yuan, Dongzhi Wei, Yanhua Lu, and Yuling Dou, Chem. Nat. Comp., 43, 539 (2007).
9. Jayalakshmi Sridhar, Zhi-Liang Wei, Ireneusz Nowak, Nancy E. Lewin, Jolene A. Ayres, Larry V. Pearce,
Peter M. Blumberg, and Alan P. Kozikowski, J. Med. Chem., 46, 4196 (2003).
10. Hironori Ohtsu, Yuka Nakanishi, Kenneth F. Bastow, Fang-Yu Lee, and Kuo-Hsiung Lee, Bioorg. Med. Chem., 11,
1851 (2003).
11. Xu Dunming, Yu Xiangyang, Liu Yingqian, Feng Juntao, Ma Junqing, Liu Xianjin, and Zhang Xing, Acta Pharm.
Sin., 40 (6), 518 (2005).
12. M. Agarwal, S. Walia, S. Dhingra, and B. P. S. Khambay, Pest Manag. Sci., 57, 289 (2001).

510




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /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 <>
    /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.)
    /RUS <>
  >>
  /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


