
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  A. Khalafi-

Nezhad, M. Nourisefat and F. Panahi, RSC Adv., 2014, DOI: 10.1039/C4RA01121J.

http://dx.doi.org/10.1039/C4RA01121J
http://pubs.rsc.org/en/journals/journal/RA


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

ARTICLE TYPE
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

L-proline-modified magnetic nanoparticles (LPMNP): A novel 

magnetically separable organocatalyst 

Ali Khalafi-Nezhad,* Maryam Nourisefat and Farhad Panahi* 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 

DOI: 10.1039/b000000x 5 

This study offers a new and efficient method for the 

stabilization of L-proline moieties on magnetic nanoparticles 

in order to prepare a novel magnetic recyclable 

organocatalyst for application in organic transformations. 

The catalytic activity of this heterogeneous organocatalyst 10 

was evaluated in the condensation reaction of indoles and 

aldehydes for the synthesis of bis(indolyl)methanes in water.  

Organocatalysis has become a very considerable area of 

research, because it has  emerged  as  a  powerful  

methodology  in  organic  synthesis.1 As well, organocatalysis 15 

is essentially important since it affords a sustainable way to 

convert materials into precious chemicals in a cost-effective, 

proficient, and environmentally benign methods.2 Moreover, a 

range of important reactions have been performed using 

organocatalyst systems.3 This environmentally benign 20 

methodology has been made even greener by immobilization 

of the organocatalysts onto solid supports.4 However, due to 

the decreasing in reactant diffusion rate to the surface of 

catalyst, the reactivity and selectivity of immobilized 

organocatalyst on a solid support are frequently decreased.5 25 

Fortunately, the aforementioned problem can be resolved to 

some extent by selecting the very small size ranges of the 

support. Thus, the resulted reactivity due to the homogeneous 

catalyst can be effective in the reaction progress.6 

Accordingly, because of nanometer size-range of 30 

nanoparticles which allow their surface areas to increase 

dramatically, these materials are reasonable potential 

candidate supports. Also, nanoparticles can disperse in 

solution to form emulsion and this action increases the 

diffusion rate of reactant to the surface of catalyst. 35 

Furthermore, reactants in solution have easy access to the 

active sites on the surface of nanoparticles because of their 

large surface-to-volume ratio.7 Nevertheless, when the size of 

support is decreased to nanometer scale, a simple filtration 

method cannot overcome the big obstacle of catalyst 40 

separation from the reaction media.8 Trying to find a solution 

to this problem, the efforts have been focused on magnetic 

recyclable supports.9 Due to the magnetic nature of the 

catalyst, it could be recovered within a few seconds using an 

external magnetic field. Most importantly, the isolation of the 45 

final product can be possible by a simple decantation. In 

addition to these advantages, such catalysts also showed better 

selectivity, and superior stability when compared to their 

other supported and unsupported counterparts. There are 

various reported magnetically separable nano-organocatalysts 50 

for application in organic transformations.10 On the other 

hand, L-proline and its derivatives have shown considerable 

catalytic efficiency in different organic transformations.11 

There are widespread interest to the development of new 

heterogeneous organocatalysts based on L-proline.12 In this 55 

communication, in continuing of our previous works on L-

proline-catalyzed reactions13,14 we  would like to report a new 

and easy access to a new magnetic nanoparticle-supported 

organocatalyst based on L-proline. Our strategy for the 

synthesis of L-proline-modified magnetic nanoparticles 60 

(LPMNPs) is shown in Scheme 1. 
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Scheme 1 Synthetic route for the preparation of LPMNP catalyst. 

In this study, MNPs were prepared by co-deposition method 

using a procedure in the literature.15 The synthesized MNPs, 65 

were coated by silica using a sol-gel process to obtain core-

shell MNPs (Fe3O4@SiO2).16 The SiO2 layer can prevent 

Fe3O4 core from aggregation, lead to simple surface 

functionalization. Anchoring the SiO2 layer to the surfaces of 

Fe3O4 could provide Si-OH groups for fine chemical 70 

modification using available alkoxy silane materials [(Rn-

Si(OR)3-n]. Afterward, the Fe3O4@SiO2 substrate was treated 

with trimethoxy(vinyl)silane to produce a vinyl MNP 

(VMNP) substrate. Subsequently, VMNP was oxidized using 

H2O2 to generate the MNP-oxiran (MNPO) material.  The 75 

VMNP and MNPO materials are the key intermediates in our 

strategy. We believed that these materials (especially MNPO) 
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can open up a new direction in the synthesis of various 

heterogeneous catalysis and adsorption materials (Scheme 

2).14  

 
Scheme 2 Generation of catalytic sites on the MNPs surface using MNPO 5 

substrate 

Ring-opening of oxiranes  in the MNPO substrate with L-

proline (in this study), was resulted the production of LPMNP 

catalyst. After preparation of the LPMNP catalyst, it was 

characterized using various techniques such as FT-IR, TGA, 10 

XRD, TEM, SEM, EDX, VSM and elemental analysis. 

Comparison between the FT-IR spectra of Fe3O4, 

Fe3O4@SiO2, VMNP, MNPO, N-Boc-protected L-proline and 

the LPMNP catalyst, reveals some absorption bands which 

confirm the presence of L-proline moieties in the structure of 15 

the catalyst (ESI†, Fig. 1S). The TEM and SEM images of the 

synthesized catalyst were recorded and represented in Fig. 1a 

and 1b, respectively. According to TEM image and histogram 

(Fig. 1d), the average diameter of the synthesized LPMNPs 

based on the proposed procedure is estimated to be about 50 20 

nm. Considering the SEM image (Fig. 1c), it is clear that the 

LPMNPs are regular in shape and approved in an 

approximately good arranged mode. These images also 

established this point that the LPMNPs are created with near 

sphere-shaped morphology. The histogram was anticipated 25 

according to the results obtained from the TEM and SEM 

images (Fig. 1d). 

 
Fig. 1 A TEM images of two different positions of LPMNP catalyst 

particles (a & b). A SEM image of the LPMNP catalyst (c). A histogram 30 

which representing the size distribution of the LPMNP catalyst 

The TGA curve of LPMNP catalyst (Fig. 2a) shows three 

main weight losses. The first one is accounted for adsorbed 

water in the structure of the catalyst (~4%). The seconded one 

which is occurred at ~150–280 °C is related to the 35 

decomposition of grafted L-proline from the silica substrate. 

This part of the thermogram reveals the amounts of supported 

L-proline on silica which is estimated to be ~6% (w/w). The 

reduction in the weight percentage of the catalyst at ~300–360 

°C is related to decomposition of carbon chain from the 40 

surface of MNPs. So, the elevated temperature for grafted 

organic group removal indicates the high thermal stability for 

LPMNP catalyst which establishes the covalent bonding of 

these groups to the surface of MNPs. The amount of N percent 

in elemental analysis was 0.7, which demonstrates there is ~5 45 

mol% of L-proline in the structure of LPMNP catalyst. 

 
Fig. 2 A typical TGA curve from LPMNP catalyst (a). The XRD pattern 

of LPMNP catalyst (b). The EDX analysis of the LPMNP catalyst (c). 

The vibrating sample magnetometer (VSM) of the LPMNP catalyst (d). 50 

According to the XRD patterns of LPMNP catalyst (Fig. 2b), 

the strongest peaks of the XRD pattern correspond to SiO2, 

demonstrating that the core-shell structure of material. The 

peaks are indexed as the (220), (311), (400), (422), (511), 

(440), and (533) planes of the Fe3O4 nanoparticle.17 The EDX 55 

from the obtained LPMNP catalyst (Fig. 2c) presented the 

presence of the expected elements in the structure of the 

catalyst. The magnetic properties of the catalyst was explored 

at room temperature using a vibrating sample magnetometer 

(VSM) (Fig. 2d). Based on magnetization curve, the 60 

magnetization is saturated up to 50 emu g−1 at an applied field 

of 8300 Oe, with an almost unimportant coercivity.  

After preparation and characterization of the LPMNP catalyst, 

its catalytic activity was evaluated in a condensation reaction 

between 1H-indole and aldehydes for the preparation of 65 

bis(indol-3-yl)methanes18 under green  conditions. To achieve 

appropriate conditions for the synthesis of bis(indol-3-

yl)methane derivatives using LPMNP catalyst, we tested the 

reaction of benzaldehyde and indole as a simple model 

substrate in various conditions (ESI†, Table. 1S). Thus, a 70 

simple system including LPMNP (2.5 mol%) and H2O at 50 

°C was chosen as the optimized reaction conditions (Scheme 

2).   

 
Scheme 2 General strategy for the synthesis of bis(indol-3-yl)methanes in 75 

the presence of LPMNP catalyst 
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It is established that condensation between different aldehydes 

and 1H-indole (2) in water at 50 °C (Table 1) produces 

bis(indol-3-yl)methanes in good to excellent yields over 

LPMNP catalyst. The obtained products are characterized by 
1H, 13C NMR, mass and elemental analysis and the data are 5 

given in ESI.  

Table 1. Synthesis of bis(indol-3-yl)methanes using LPMNP catalysta 

Entry R Product 
Time 

(min) 
Yield (%)b 

1 C6H5 3a 60 94 

2 2-OH-C6H4 3b 90 80 

3 4-OH-C6H4 3c 90 83 

4 3-OH-C6H4 3d 90 85 

5 4-OMe-C6H4 3e 60 92 

6 4-OMe-3-OH-C6H3 3f 60 81 

7 4-Me-C6H4 3g 60 92 

8 3,4-F-C6H3 3h 75 93 

9 3-CN-C6H4 3i 75 91 

10 3-NO2-C6H4 3j 90 90 

11 4-NO2-C6H4 3k 90 95 

12 2-NO2-C6H4 3l 90 90 

13 2-Cl-C6H4 3m 75 88 

14 4-Cl-C6H4 3n 75 89 

 a Reaction conditions: LPMNP (0.05 g, 2.5 mol%), H2O (2 mL), aldehyde 

(1.0 mmol) and indole (2.1 mmol). b Isolated yield. 

In view point of mechanism, activation of the aldehyde can be 10 

achieved by grafted L-proline on the surface of MNPs via the 

iminium formation (Scheme 3).  

 
Scheme 3 Proposed reaction mechanism for the preparation of bis(indol-

3-yl)methanes in the presence of LPMNP catalyst via iminium formation 15 

For practical applications of this heterogeneous 

organocatalyst, the level of reusability was also evaluated. 

The catalyst could be reused for at least 8 times without any 

treatment (ESI†, Table. 2S). The elemental analysis of the 

catalyst after 8 cycles of reusability has shown that only a 20 

very small amount (~ 0.5%) of the L-proline moiety was 

removed from the magnetic substrate. To confirm the integrity 

in morphology of the particles after recycling runs, the 

recovered catalysts was also characterized using TEM (ESI†, 

Fig. 2S). The TEM image of the catalyst showed that the 25 

morphology and size of the catalyst after recycling 8 times 

does not change significantly. The results confirmed that the 

supported L-proline on the MNP substrate provides the high 

catalytic activity without leaching of a significant quantity of 

L-proline in the reaction media. 30 

In conclusion, a simple and practical synthetic strategy for the 

synthesis of a novel MNP-supported organocatalyst based on 

L-proline has been developed. The catalytic usefulness of this 

magnetic recyclable organocatalyst was evaluated in the 

condensation reaction of aldehydes and 1H-indole for efficient 35 

synthesis of bis(indolyl)methanes in water. This is the first 

example of magnetic recyclable organocatalyst based on L-

proline which prepared using the reaction of L-proline with 

MNP-oxiran. We anticipate that the MNP-oxiran material 

opens up a new direction for the development of new 40 

magnetic recyclable organocatalysts. Also, the LPMNP 

catalyst provides great promise toward further useful 

applications in other organic transformations in the future. 

The financial supports of research councils of Shiraz 

University are gratefully acknowledged. 45 

Notes and references 

Department of Chemistry, College of Sciences, Shiraz University, Shiraz 

71454, Iran. E-mail: khalafi@chem.susc.ac.ir (A.K.-N.), 

panahi@shirazu.ac.ir (F.P.). Fax: +98(711)2280926. 

† Electronic Supplementary Information (ESI) available: Experimental 50 

procedures, recycling tests of LPMNP, and copy of 1Hand 13C NMR data 

for the synthesized products along with the spectral data. See 

DOI: 10.1039/b000000x/ 

1 B. List, Chem. Rev., 2007, 107, 5413; R. C. Wende and P. R. 

Schreiner, Green Chem., 2012, 14, 1821; A. –M. Caminade, 55 

A. Ouali, M. Keller and J. –P. Majoral, Chem. Soc. Rev., 2012, 

41, 4113; J. –F. Brière, S. Oudeyer, V. Dalla and V. Levacher, 

Chem. Soc. Rev., 2012, 41, 1696; B. R. Buckley, Annu. Rep. 

Prog. Chem., Sect. B: Org. Chem., 2009, 105, 113. 

2 D. Enders, O. Niemeier, and A. Henseler, Chem. Rev., 2007, 60 

107, 5606; J. Alemán and S. Cabrera, Chem. Soc. Rev., 2013, 

42, 774; C. Palomo, M. Oiarbide and R. López, Chem. Soc. 

Rev., 2009, 38, 632; S. Bertelsen and K. A. Jørgensen, Chem. 

Soc. Rev., 2009, 38, 2178; P. Renzi and M. Bella, Chem. 

Commun., 2012, 48, 6881.  65 

3 E. M. McGarrigle, E. L. Myers, O. Illa, M. A. Shaw, S. L. 

Riches, and V. K. Aggarwal Chem. Rev. 2007, 107, 5841; T. J. 

Auvil, A. G. Schafer, A. E. Mattson, Eur. J. Org. Chem. 2014, 

DOI: 10.1002/ejoc.201400035; Q. Ren and J. Wang, Asian J. 

Org. Chem. 2013, 2, 542; C. Gomez, J. –F. Betzer, A. 70 

Voituriez and A. Marinetti, ChemCatChem 2013, 5, 1055; L. 

Hong and R. Wang, Adv. Synth. Catal. 2013, 355, 1023; P. 

Chauhan, J. Kaur and S. S. Chimni, Chem. Asian J. 2013, 8, 

328. 

4 B. Tan, X. Zhang, P. J. Chua and G. Zhong, Chem. Commun., 75 

2009, 779;  Saravanan,  A.  Sadhukhan,  N. H.  Khan,  R. I.  

Kureshy,  S. H. R.  Abdi  and H. C.  Bajaj,  J. Org.  Chem.  

2012, 77,  4375; M. B.  Gawande,  A.  Velhinho,  I.D.  

Nogueira,  C. A. A.  Ghumman,  O. M. N. D.  Teodorod and P. 

S.  Branco,  RSC  Adv. 2012, 2,  6144; A. Bruckmann, A. 80 

Krebs and C. Bolm, Green Chem. 2008, 10 , 1131; M. Nandi, 

J. Mondal, K. Sarkar, Y. Yamauchic and A. Bhaumik, Chem. 

Commun., 2011, 47, 6677. 

5 P. D. Stevens, J. D. Fan, H. M. R. Gardinmalla and M. Yen, 

Org. Lett., 2005, 7, 2085; T. J. Yoon, W. Lee and Y. S. Oh, 85 

New J. Chem., 2003, 27, 227. 

6 A. J. Kell, D. L. B. Stringle, M. S. Workentin, Org. Lett., 

2000, 2, 3381; J. Wang, A. Sugawara-Narutaki, M. Fukao, T. 

Yokoi, A. Shimojima, T. Okubo, ACS Appl. Mater. Interfaces 

2011, 3, 1538; A. Khalafi-Nezhad, H. O. Foroughi, M. M. 90 

Doroodmand and F. Panahi, J. Mater. Chem., 2011, 21, 12842. 

7 M. Cavalier, M. Walls, I. Lisiecki, and M. –P. Pileni, 

Langmuir, 2011, 27, 5014. 

Page 3 of 4 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
2 

M
ay

 2
01

4.
 D

ow
nl

oa
de

d 
by

 A
na

do
lu

 U
ni

ve
rs

ity
 o

n 
17

/0
5/

20
14

 1
0:

17
:2

1.
 

View Article Online
DOI: 10.1039/C4RA01121J

http://dx.doi.org/10.1039/C4RA01121J


 

4  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

8 Nanoparticles and Catalysis; Astruc, D., Ed.; Wiley-VCH: 

Weinheim, 2008; G. A. Somorjai, H. Frei, J. Y. Park, J. Am. 

Chem. Soc. 2009, 131, 16589. 

9 V. Polshettiwar, R. Luque, A. Fihri, H. Zhu, M. Bouhrara, and 

J. –M. Basset, Chem. Rev., 2011, 111, 3036. 5 

10 V. Polshettiwar, B. Baruwati and R. S. Varma, Chem. 

Commun. 2009, 1837; V. Polshettiwar and R. S. Varma, 

Tetrahedron 2010, 66, 1091; Luque, R.; Babita, B. and Varma, 

R. S. Green Chem. 2010, 12, 1540; A. Schatz, R. N. Grass, W. 

J. J. Stark and O. Reiser, Chem. -Eur. J. 2008, 14, 8262; O. 10 

Gleeson, R. Tekoriute , Y. K. Gunko and S. J. Connon, Chem. 

-Eur. J. 2009, 15, 5669. 

11 E. R. Jarvo and S. J. Miller, Tetrahedron 2002, 58, 2481. 

12 S. Calogero, D. Lanari, M. Orrù, O. Piermatti, F. Pizzo and L. 

Vaccaro, J.  Catal.  2011, 112, 112. 15 

13 A. Khalafi-Nezhad, S. Sarikhani, E. S. Shahidzadeh and F.  

Panahi,  Green  Chem.  2012, 14, 2876. 

14 A. Khalafi-Nezhad, E. S. Shahidzadeh, S. Sarikhani and F.  

Panahi, J. Molecul.  Catal.  A:  Chem. 2013, 379, 1. 

15 D. Yuan, Q. Zhang and J. Dou, Catal. Commun. 2010, 11, 20 

606. 

16 Y. Kang, L. Zhou, X. Li and J. Yuan, J. Mater. Chem. 2011, 

21, 3704 . 

17 M. A. Zolfigol, V. Khakyzadeh, A. R. Moosavi-Zare, A. 

Rostami, A. Zare, N. Iranpoor, M. H. Beyzavi and R. Luque, 25 

Green Chem., 2013, 15, 2132. 

18 A. Khalafi-Nezhad, A. Parhami, A. Zare, A. R. Moosavi Zare, 

A. Hasaninejad and F. Panahi, Synthesis 2008, 617. 

Page 4 of 4RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
2 

M
ay

 2
01

4.
 D

ow
nl

oa
de

d 
by

 A
na

do
lu

 U
ni

ve
rs

ity
 o

n 
17

/0
5/

20
14

 1
0:

17
:2

1.
 

View Article Online
DOI: 10.1039/C4RA01121J

http://dx.doi.org/10.1039/C4RA01121J

