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ABSTRACT

Nano-materials are considered as suitable heterogeneous catalysts for many organic reactions. Herein oxidized carbon nanotube
(SWCNTs-COOH) has been reported as a heterogeneous catalyst, for protection of carbonyl groups as hydrazones in EtOH at
80 °C. The reactions proceed smoothly with good to excellent yields, and the SWCNTs-COOH used can be recycled.
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1. Introduction

The protection of carbonyl groups is an old reaction in general
organic chemistry.” > Although several groups have reported
new methods for protection of carbonyl groups as hydrazones:
i) catalyzed by ZrOCl,.8H,0 (10 mol%) in acetonitrile,’
ii) protection system consisting of phenyl hydrazine or 2,4-di-
nitrophenylhydrazine with acidic zeolite in hexane/methanol,*
iii) Dowex polymer® and iiii) basic alumina as heterogenic
catalysts.” In addition, protection of carbonyl groups with
phenyl hydrazine or 2,4-dinitrophenylhydrazine has potential
advantages. Hydrazones are useful compounds in organic
chemistry; forinstance, these compounds have interesting biologi-
cal properties, such as anti-inflammatory, analgesic, anti-
convulsant, antituberculous, antitumor, anti-HIV and anti-
microbial activity.”"* Additionally, these compounds are widely
employed as ligands for metal complexes, organocatalysis and
also for the syntheses of heterocyclic compounds.” " With this in
mind, it was decided to investigate the protection of carbonyl
groups with phenyl hydrazine and 2,4-dinitrophenylhydrazine
using SWCNTs-COOH as catalysts.

On the other hand, materials with nano-sized tubular struc-
tures including carbon and metal have been developed.”
Among the nano-structured, carbon nanotube has been a focus
of extensive research due to its chemical stability, large surface
area, non-toxicity, small dimensions and remarkable physical
properties of these materials.'® Carbon nanotubes have shown
their potential in many fields.”" Along with our previous
research on carbon nanotubes,®* we now describe another
application for carbon nanotubes. Although SWCNTs-COOH
has been considered as a suitable heterogeneous catalyst, there
are in our opinion no reports for catalytic activity of SWCNTs-
COOH. Hence, in this context, we reported a mild and conve-
nient procedure for protection of carbonyl groups by using
SWCNTs-COOH as catalyst. The major advantages of the
SWCNTs-COOH as catalyst are: (1) ease of separation from
reaction mixture by filtration; and (2) catalyst recycling.

* To whom correspondence should be addressed. E-mail: maryamkiani.b @ gmail.com

2. Experimental

The protection of carbonyl compounds schematically is shown
in Scheme 1.

Protection of carbonyl compounds: A mixture of oxidized
nano carbontube (SWCNT-COOH) (1 g),* reagent (hydrazine
derivatives) (1 mmol), carbonyl compound (1 mmol) and ethanol
(5 ml) were mixed in a mortar. The reaction mixture was then
poured into a round-bottomed glass equipped with a condenser
and heated with stirring in an oil bath at 80 °C for a specified time
(Table 3). The progress of the reaction was monitored by TLC
using n-hexane/ethyl acetate. After the reaction was completed,
EtOAc (2 x 20 mL) was added to the reaction mixture. Later, the
resulted mixture was filtered by using a 0.45 um polytetra-
fluoroethylene filter (Millipore PTFE) to separate the SWCNT-
COOH. After filtration, solvent was removed under reduced
pressure to afford the respective products. NMR, IR spectra
confirmed the structure of the products that compared with
authentic samples obtained commercially or prepared by the
reported methods. Most of the compounds are known and their
analytical data were previously reported in the literature.

Recovery of SWCNTs-COOH: The SWCNTs-COOH on the
filter, obtained after the filtration described in the previous
section, was washed with EtOH 2-3 times to complete removal
of organic residues, dried in an oven at 100-120 °C for 10-11 h
and then the catalyst was re-used for the same reaction. The
mass of the catalyst was checked over five cycles and it was
found that the mass of SWCNT-COOH did not significantly

o) SWCNs-COOH NG
)J\ + NH,G ————— )L + H,0
R R, EtOH, reflux ¥ R,

G C6H5 -NH-, 2,4-(N02)2C5H3 -NH-
Ry, Ryt aryl, alkyl, H

Scheme 1
Protection of carbonyl compounds.
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change due to efficient filtration by using the 0.45 um
polytetrafluoroethylene filter (Millipore PTFE).

3. Results and Discussion

As shown in to Scheme 1, a systematic study of the reaction
between carbonyl compounds and hydrazine derivatives was
studied by using SWCNTs-COOH as catalyst in EtOH and 80 °C.
The feasibility of the present protection of carbonyl compounds
was first examined by using benzaldehyde as a model substrate.
Hence, benzaldehyde was treated with 2,4-dinitrophenyl-
hydrazine under various conditions (Table 1). Asit can be seenin
Table 1, the best results were achieved with SWCNTs-COOH
in EtOH and 80 °C (entry 5). In entry 2, no significant product
formation was observed without catalysts after 240 minutes at
80 °C.

The reusability of the catalyst was checked over five cycles. As
shown in Table 2, the yields of protection of carbonyl in the
second, third, fourth and fifth uses of the catalyst were almost
the same as that in the first use. It seems that the reduction in
yield is due to a recovery error.

To establish the scope of SWCNTs-COOH as a catalyst for the
protection of carbonyl compounds, structurally diverse car-
bonyl compounds were treated with phenyl hydrazine and
2,4-dinitrophenyl hydrazine. The results are summarized in
Table 3. Asshown in Table 3, a wide range of aldehydes including
either electron-donating or electron-withdrawing substituent
with hydrazine derivatives were employed (entries 1-17). The
protection of carbonyl compound by hydrazine derivatives
should be a facile reaction due to the good electrophilic (carbonyl
compound) and good nucleophilic (hydrazine derivatives)
properties. The presence of electronic factors in the reactivity
was observed. The presence of the methyl group in 4-methyl-
benzaldehyde reduces the electrophilicity of the carbonyl
carbon and the strong electron-withdrawing properties of the
nitro group in 2,4-nitrophenylhydrazine decreases the nucleo-
philicity of the amine group. Entry 5 is the best due to the good

Table1 Reaction between benzaldehyde and 2,4-dinitrohydrazine in the
presence of various catalysts.

Entry Catalyst/conditions Time/min Convertion

/%*
1 SWCNTs-COOH (0.25g)/neat/80 °C 180 40°
2 No catalyst/EtOH/80 °C 240 0°
3 SWCNTs-COOH(0.5g)/EtOH/80 °C 180 50°
4 SWCNTs-COOH (1 g)/EtOH/rt 180 b
5 SWCNTs-COOH (1 g)/EtOH/80 °C 45 100 <4

#Isolated yield by column chromatography. The identity of products was
determined by comparing their physical and spectral data with those of the
authentic samples; b Reactions performed once; © Reaction performed twice;
d Reaction was attempted at room temperature without success.

Table 2 Reactivity study of recycled SWCNTs-COOH on reaction benz-
aldehyde with 2,4-dinitrophenylhydrazine in EtOH and 80 °C. Catalyst
recovered after reaction by filtration.

Run Time/min Yield/%
1 45 98
2 45 98
3 45 98
4 45 96
5 45 96

electrophile (aldehyde) and good nucleophile (hydrazine). Inall
cases, phenyl hydrazine, being more nucleophilic than 2,4-nitro-
phenylhydrazine appears to require shorter reaction times and
gives better yields.

Substrates such as furfural and cinnamaldehyde, being
acid-sensitive substrates, were efficiently protected as the corre-
sponding phenyl hydrazine and 2,4-dinitrophenylhydrazine
derivatives (Table 3, entries 14-17). As is shown in Table 3, the
two hydrazone derivatives were produced in very good yields.

Table 3 SWCNTs-COOH (1 g) catalyzed the protection of carbonyl compounds in EtOH and 80 °C.

Entry R, R, G*® Time/min Yield/% Mp °#/°C (Lit.)
1 CH; H A 40 98 156 (158)
2 CH; H B 45 98 236 (237)
3 4-CI-CH; H A 30 95 125 (127)
4 4-CLCH, H B 30 98 263 (265)
5 4-NO,-CH, H A 30 98 158 (159)
6 4NO,-C.H. H B 180 0 -

7 4-CH,-CH, H A 75 9% 111 (112)
8 4-CH,-C,H., H B 90 40 231 (233)
9 3-CH,-C.H. H A 30 95 91 (91)
10 3-CH,-C,H, H B 90 50 193 (194)
11 3,4-DiCH,0-CH, H A 45 95 121 (121)
12 3,4-DiCH,O-C(H, H B 90 40 262 (264)
13 4-OH-C,H, H A 90 40 177 (178)
14 2-Furyl H A 45 95 98 (98)
15 2-Furyl H B 45 95 211 (213)
16 C,H.-CH=CH H A 45 98 167 (168)
17 CH,-CH=CH H B 45 97 252 (255)
18 Cyclohexyl - A 120 40 81 (81)
19 CH, H A 90 40 92 (92) #
20 CH, H B 50 97 167 (168)
21 CH,(CH,), H B 65 95 101 (103)
2 C.H, CH, A 60 40 104 (105)

@ A: Phenyl hydrazine; B: 2,4-dinitrophenyl hydrazine.

b The identity of products was determined by comparing their physical and spectral data with those of the authentic samples.

€ Temperature at which decomposition occurs.
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Proposed mechanism of protection of carbonyls by using SWCNTs-COOH as catalyst.

It can also be emphasized that the reactions are very clean, the
SWCNTs-COOH is recycled without a decrease in efficiency,
and from the economic and environmental points of view the
use of SWCNTs-COOH is an improvement.

In terms of a proposed mechanism for the reaction, it is known
that mildly acidic conditions (pH = 5-6) provide the best condi-
tions for this reaction. Since the pH of SWCNTs-COOH is =5,*
it would be suitable for a carbonyl to hydrazone transformation.
A tentative mechanism showing the function of the SWCNTs-
COOH used in our study is presented in Scheme 2.

4. Conclusions

In summary, it is shown that SWCNTs-COOH is a highly
active catalyst for the protection of carbonyl groups of aldehydes
in good to excellent yields. Among the advantages of the method
that can be mentioned are: (i) ease of separation catalyst from
reaction mixture by filtration and (ii) catalyst recycling.

Acknowledgements

Support from the Persian Gulf University is gratefully
acknowledged. The authors acknowledge the Persian Gulf
University Research Council for support of this work.

References

1 TW. Greene and Wuts, PG.M. Protective Groups in Organic Synthesis;
John Wiley and Sons, New York, 1991, pp. 188-191.

PJ. Kocienski, Protecting Groups, Thieme, Stuttgart, 1994, 156-170.
VK. Das, Das, S. and A.]J. Thakur, Green Chem., 2012, 5, 577.
A.Lalitha, Pitchumani, K. and C. Srinivasan, Green Chem., 1999, 173.
K.Niknam, A.R. Kiasatand S. Karimi, Synth. Commun., 2005, 35,2231.

K. Niknam, A.R. Kiasat, B. Karimi and N. Heydari, Turk. J. Chem., 2007,
31, 135.

S. Rollas and S.G. Kucukguzel, Molecules, 2007, 12, 1910.

N Ul = W N

N

8

10

11

12
13
14
15
16
17
18

19
20

21

22

23

24

E Chimenti, E. Maccioni, D. Secci, A. Bolasco, P. Chimenti, A. Granese,
O. Befani, P. Turini, S. Alcaro, E Ortuso, M.C. Cardia and S. Distinto,
J. Med. Chem., 2007, 50, 707.

J. Mao, Y. Wang, B. Wan, A.P. Kozikowski and S.G. Franzblau, Chem.
Med. Chem., 2007, 2, 1624.

A. Andreani, S. Burnelli, M. Granaiola, A. Leoni, A. Locatelli, R. Morigi,
M. Rambaldji, L. Varoli, N. Calonghi, C. Cappadone, G. Farruggia,
M. Zini, C. Stefanelli, L. Masotti, N.S.Radin and R.H. Shoemaker,
J. Med. Chem., 2008, 51, 809.

E. Noulsri, R.Richardson, S. Lerdwana, S. Fucharoen, T. Yamagishi,
D.S. Kalinowski and K. Pattanapanyasat, Am. J. Hematol., 2009, 84,
170.

P. Vicini, M. Incerti, I.A. Doytchinova, P. Colla, B. Busonera and
R. Loddo, Eur. J. Med. Chem., 2006, 41, 624.

P. Barbazan, R. Carballo, B. Covelo, C. Lodeiro J.C. Lima and E.M.
Vazquez-Lopez, Eur. |. Inorg. Chem., 2008, 2713.

S. Banerjee, S. Mondal, W. Chakraborty, S. Sen R. Gachhui, RJ.
Butcher, AM.Z. Slawin, C. Mandal and S. Mitra, Polyhedron, 2009, 28,
2785.

Y. Zhu, H. Li and Y. Koltypin, Chem. Commun., 2001, 2616.

W. Zhou, X. Bai, E. Wang and S. Xie, Adv. Mater., 2009, 21, 4565.

B.A. Kakade and VK. Pillai, Appl. Surf. Sci., 2008, 254, 4936.

C.D. Doyle and J.M. Tour, Carbon, 2009, 47, 3215.

S.Banerjee, T. Hemraj-Benny and S.S. Wong, Adv. Mater., 2005,17,17.
A. Khazaei, M.N.Soltani Rad, M. Kiani Borazjani, Sh. Saednia, M.
Kiani Borazjani and D. Soudbar, Synlett., 2011, 2145.

A. Khazaei, M.N. Soltani Rad and M. Kiani Borazjani, Int. ]. Nano-
medicine, 2010, 5, 639.

A. Khazaei, M.Kiani Borazjani and Kh. Mansouri Moradian, Chem.
Sci., 2012, 124, 1127 .

B.S. Furniss, A.J. Hannaford, PW.G. Smith and A.R. Tatchell, Vogel’s
Textbook of Practical Organic Chemistry, 5th edn., John Wiley & Sons,
New York, 1989, p. 1332.

http://www.ChemicalBook.com




<<
  /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
  /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 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /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 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


