Korean J. Chem. Eng., 29(3), 288-290 (2012)
DOI: 10.1007/s11814-011-0172-8

PAPID COMMUNICATION

Clean and facile synthesis of triuret from urea and dimethyl carbonate (DMC)
under mild conditions

Jianchao Chen**, Peihua Zhao*, Yaqing Liu*", Hua Liu**, and Futian Zhu*

*Research Center for Engineering Technology of Polymeric Composites of Shanxi Province,
North University of China, Taiyuan 030051, P. R. China
**Department of Chemistry, School of Science, North University of China, Taiyuan 030051, P. R. China
(Received 13 June 2011 * accepted 6 July 2011)

Abstract—Triuret has been successfully synthesized by the reaction of urea with dimethyl carbonate (DMC) under
mild conditions in the presence of potassium methoxide as a catalyst. It has been fully characterized by FT-IR, 'H-NMR,
BC-NMR, and MS. Effects of the catalyst, the molar ratio of starting materials, and the reaction time on the obtained
product were examined in detail. It was found that when 7 (urea) : n (DMC)=1.2 : 1, 6 h, and 0.8% catalyst, the yield
of triuret can reach 98.1%. Especially, this novel procedure is reported for the first time and has many significant ad-
vantages such as easy and clean synthesis, simple work up, and high yields.
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INTRODUCTION

Triuret (also known as carbonyldiurea, dicarbamyl-urea, or 2,4-
diimidotricarbonic diamide) is a nitrogen-rich compound that can
be regarded as one of the most concentrated forms of peptide bonds.
It has been confirmed as a control-released fertilizer without nega-
tive environmental effects because of its less solubility and better
structure than urea. Furthermore, its effectiveness has been qualita-
tively demonstrated [1-3]. Triuret, a by-product of purine degrada-
tion in living organisms, has been considered as a significant agent
with potential biochemical and physiological significance [4,5].

Triuret, a product of amide-forming condensation reaction, has
drawn considerable attention worldwide. Many reports are avail-
able on the synthesis of triuret, including direct heating urea in inertia
solvent, reaction of urea with phosgene, or treatment of ammonia
with carbonated diisocyanate [6-8]. However, the reported method-
ologies have some drawbacks, such as low yields, lack of availabil-
ity, tedious synthetic process, or use of toxic organic solvents.

In this paper, we report a facile and clean synthesis of triuret from
urea and dimethyl carbonate (DMC) in the presence of potassium
methoxide under mild conditions, which can be considered as the
ammonolysis reaction of DMC. Moreover, the only by-product meth-
anol could directly react with CO, to reproduce DMC as reported,
by which we may achieve reaction recycling. This novel procedure
is expected to be applied on industrial application research.

MATERIALS AND METHODS

1. Materials

Urea, dimethylcarbonate (DMC), potassium methoxide and meth-
anol were purchased from Sinopharm Chemical Reagent Beijing
Co., Ltd. These raw materials were all of analytical reagent grade
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and used without further purification.
2. Synthesis of Triuret

As shown in Scheme 1, a mixture of DMC (0.5 mol) and urea
(0.6 mol) with potassium methoxide (0.004 mol, 1 mol% of urea)
as a catalyst was stirred and refluxed for 5 h, and then the reaction
mixture was distilled for additional 1h to remove the methanol.
After reaction, the resultant product was cooled and filtered. The
filtrate was washed with methanol three times and then dried to afford
triuret as a white solid in 98.1% yield.

Triuret: a white solid, yield 98.1%. IR (KBr disk) v/cm™: 3453,
3351, 3267, 2965, 1740, 1581, 1522, 1457, 1402, 1227, 1106; 'H-
NMR (d-DMSO) dppm: 991 (s, -CO-NH-CO-, 2H), 7.16, 7.27
(2s, CCO-NH,, 4H); *C-NMR (d,-DMSO) dppm: 150.43 (-CO-
NH-), 155.96 (-CO-NH,); MS (m/z): 61, 87, 104, 130, 146 (M~+H)'".

RESULTS AND DISCUSSION

1. The Synthesis of Triuret

The synthesis of triuret is shown in Scheme 1. The raw material
DMC, which was known as eco-friendly agent, is hardly poison-
ous and has little negative repercussions to human beings as well
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Scheme 1. Synthetic route of triuret.
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Fig. 1. Effect of the quantity of catalyst on the yields with # (urea) :
n (DMC)=2.0: 1, 4 h and reflux.

as the environment. The product triuret was synthesized from DMC
and urea under mild conditions with methanol as by-product. Espe-
cially, methanol can directly react with CO, to reproduce DMC ac-
cording to the reports in the literature [9-13], by which synthetic
process could achieve one recycling. The aforementioned recycle
indirectly realize the chemical fixation of CO, by urea. In addition,
the yield of triuret was 98.1% under the optimized conditions, which
was at least 25% higher than those of traditional methods [8,14].

2. Influence of the Quantity of Catalyst on Yields of Triuret

Influence of the amount of catalyst on yields of triuret presented
in Fig. 1. It is clear that the yield increases from 0.2% to 1.2% and
then decreases with a further increase in the quantity of CH;OK.
This behavior may be interpreted in terms that a higher concentra-
tion of methoxy group increases the electronic density of nitrogen
atoms by attacking hydrogen atom of amino-group. In a certain range
of catalyst dosage, the concentration of the activated urea increases
with the increase of potassium methoxide, resulting in the increase
of yield. However, when the amount of catalyst is above 1.2%, the
excessive methoxy ions would reduce the reactivity of the activated
urea for the increase of solution polarity, thus resulting in the de-
crease of the yields.

As shown in Fig. 1, the yield of triuret was 88.4% when the con-
tent of catalyst was 0.8%. However, the maximum yield of triuret
was 92.3% when the content of CH;OK was above 1.2%. Although
the additional 0.4% catalyst increased another 3.9% triuret, it would
significantly increase production cost because potassium methox-
ide is much more expensive than triuret. Consequently, the opti-
mized catalyst content may be 0.8% from the perspective of lower
cost.

3. The Influence of n (urea): n (DMC) on the Yields of Tri-
uret

As shown in Fig. 2, the yield of triuret gradually increases when
the range of the molar ratio of DMC to urea is from 1:1.0to 1: 1.8,
but decreases sharply when that of DMC to urea is 1 : 2.0. Initially,
we investigated the ammonolysis reaction of DMC with urea at #
(DMC) : n (urea)=1 : 2.0 which was consistent with the theoretical
calculating value. However, the yield of triuret was about 62% re-
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Fig. 2. The influence of n (urea) : # (DMC) on the yields of triuret.

The synthesis conditions: CH;0K, 0.8 mol% of urea; reac-
tion time=4 h; reflux.
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Scheme 2. The side-reaction of urea above the melting point of urea.

gardless of the change of catalyst amount and reaction time. This is
because the by-product of methanol distilled together with DMC
in form of the azeotropic mixture, which may lead to the decrease
in the amount of DMC participating in the reaction. Thus, excess
amount of DMC should be added in order to raise the yield of triuret.
It is recently reported that the yield of triuret generated from urea
by heating above the melt point is much lower because it is mostly
converted to biuret and cyanuric acid by the traditional methods
[15-17]. The detailed description on the side reactions mechanism
related to the traditional methods is shown in Scheme 2. Urea begins
to form ammonium cynate first at 152 °C, and then decomposes
into ammonium and cyanic acid. HNCO, as the product of urea de-
composition, begins to react with intact urea to produce biuret at
approximately 160 °C. With the increase of the reaction tempera-
ture, a small amount of HNCO can further react with biuret to form
cyanuric acid. Consequently, the high yield of triuret obtained in our
study can be due to the few side reactions under the mild conditions.
4. The Influence of Reaction Time on the Yields of Triuret
Further studies of the influence of reaction time on yield of triuret
were initially conducted with » (DMC) : n (urea)=1 : 1.8 as well as
in the range of reaction time from 5 to 7 h, but it was found that
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Fig. 3. The influence of reaction time on the yields of triuret. Syn-
thesis conditions of method A: n (DMC) : n (urea)=1 : 1.0;
CH,0K, 0.8 mol% of urea; reflux. Synthesis conditions of
method B: n (DMC) : n (urea)=1 : 1.2; CH,0K, 0.8 mol%
of urea; reflux.

the yield of triuret has no significant change compared to that of
the same reaction time with 4 h. Consequently, the following stud-
ies on the effect of reaction time were performed using method A
and method B. As shown in Fig. 3, the yield of triuret clearly rises
with the increase of the reaction time ranging from 3 to 6 h, which
may be ascribed to the chemical equilibrium. Obviously, in the pres-
ence of the different molar ratio of DMC to urea, the yield of triuret
for method B is always higher than that of triuret for method A under
the same reaction conditions, which may result from the inadequate
addition of the urea in the reaction of Method A. Furthermore, it
can be seen from the yields of triuret at different reaction time that
the product triuret cannot continue to react with DMC.

In addition, the ammonolysis reaction of DMC with urea is gradu-
ally achieved and only triuret is produced because the product can-
not further react with DMC or urea to form hexuret, nonuret and
undiciuret, etc., as time goes on. As a result, the appropriate elonga-
tion of the reaction time can assist to increase the yield of triuret
that is the only product under the mild reaction conditions.

CONCLUSIONS
This is the first report that triuret was simply synthesized from

urea and DMC under mild conditions. The yield of triuret was 98.1%
at the optimized conditions of 7 (DMC) : n (urea)=1: 1.2, and 0.8

March, 2012

mol% potassium methoxide (the molar ratio of urea) with reaction
time of 6 h. It is noteworthy that we have developed a practical,
efficient, and convenient ammonolysis procedure for converting
urea to triuret with potassium methoxide as a catalyst. This proce-
dure offers signicant advantages over the earlier reported methods
because the present route is charateristic of short reaction time, simple
reaction procedure, high yield, and mild conditions.

ACKNOWLEDGEMENTS

This study was financially supported by the Project of Technol-
ogy Promotion for ShanXi province (No 20080321015).

REFERENCES

1. J. T. Hays and W. B. Hewson, J. Agric. Food. Chem., 21,498 (1973).
2. C.B. Christianson, M. F. Carter and L. S. Holt, Fert. Res., 17, 85
(1988).
3. W.H. Smith, H. G Underwood and J. T. Hays, J. Agric. Food Chem.,
19, 816 (1971).
4. S.P. Palii, C.S. Contreras, J. D. Steill, S. S. Palii, J. Oomens and
J. R. Eyler, Arch. Biochem. Biophys., 498,23 (2010).
5. K. M. Robinson, J. T. Morre and J. S. Beckman, Arch. Biochem. Bio-
phys., 423,213 (2004).
6.J. L. Griffin, Biochim. Biophys. Acta, 47,433 (1961).
7. K. M. Kim, G. N. Henderson, R. F. Frye, C. D. Galloway, N. J.
Brown and M. S. Segal, J. Chromatogr: B, 877, 65 (2009).
8. J. Geitha, G. Hollb, T. M. Klapétke and J. J. Weigand, Combust.
Flame, 139, 358 (2004).
9.H.J. Lee, S. Park, J. C. Jung and 1. K. Song, Korean J. Chem. Eng.,
28, 1518 (2011).
10. X. C.Guo, Z. F Qin, G F. Wang and J. G Wang, Chin. Chem. Lett.,
19, 249 (2008).
11. M. Honda, S. Kuno, N. Begum, K. Fujimoto, K. Suzuki, Y. Naka-
gawa and K. Tomishige, Appl. Catal. A-Gen., 384, 165 (2010).
12. B.B. Fan, H. Y. Li, W. B. Fan, J. L. Zhang and R. F. Li, Appl. Catal.
A-Gen., 372, 94 (2010).
13. J. Bian, M. Xiao, S.J. Wang, X. J. Wang, Y. X. Luand Y. Z. Meng,
Chem. Eng. J., 147,287 (2009).
14. F. B. Alvin, US Patent, 3,862,223 (1975).
15. P. M. Schaber, J. Colson, S. Higgins, D. Thielen, B. Anspach and J.
Brauer, Thermochim. Acta, 424, 131 (2004).
16. A. Lundstrém, B. Andersson and L. Olsson, Chem. Eng. J., 150,
544 (2009).
17. D.R. Park, H. Kim, J. C. Jung, M. S. Shin, S. J. Han and 1. K. Song,
Korean J. Chem. Eng., 26,990 (2009).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /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 <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


