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Öz 

Kanser tedavilerinde çekilen Bilgisayarlı Tomografi (CT) görüntüleri, tedavi portalı tasarımı ve 
planlamasında önemlidir. Hastanın CT taramalarında aldığı doz, tedavi planlaması doz hesaplamasında 
dikkate alınmaz ve kritik doz eşiğine sahip kritik organların sınır dozlarının hesaplanmasında önem 
kazanır. Bu çalışmada bazı kritik organlar olan kalp, karaciğer ve böbreklerin hastanın boyuna göre aldığı 
dozun değişimi Monte Carlo tekniği kullanılarak NCICT kodu ile araştırıldı. Sonuç olarak, dozlar 
hastaların boyuna göre değiştirildi. 
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Abstract 

Computed Tomography (CT) images taken in cancer treatments are important in treatment portal design 
and planning. The dose received by the patient in CT scans are not considered in the treatment planning 
dose calculation and becomes important in calculating the limit doses of the critical organs with critical 
dose threshold. In this study, the change of the dose received by some of the critical organs, namely the 
heart, liver, and kidneys, according to the height of the patient was investigated with the NCICT code 
using the Monte Carlo technique. As a result, doses were changed by the height of the patients. 

© Afyon Kocatepe Üniversitesi 
 

1. Introduction 

Despite providing major benefits for patients, CT is 
source of concern due to its potential radiation 
dose associated risks, especially for quite 
susceptible pediatric patients (National Research 
Council 2006). Epidemiological studies of cancer 
risk in CT patients require an estimate of the 
radiation dose absorbed by tissues within the x-ray 
exposed area (Sechopoulos et al. 2015). 
 

Newer CT dosimetry codes have begun to include 
voxel phantoms (Zaidi and Xu 2007, Xu 2014, Caon 
2004). If one compares with previous geometric 
phantoms, the voxel phantoms are represented 
more realistic anatomy, which is based on medical 
tomography images. While, WAZA-ARI, a web-
based CT dose calculation system based on an 
adult male voxel phantom and PHITS code 
introduced by Ban et al. (2011), ImpactDose7, 
introduced by Kalender et al. (1999), is an 

Afyon Kocatepe Üniversitesi Uluslararası Mühendislik Teknolojileri ve Uygulamalı 
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enhanced version of WinDose, and includes a set of 
both pediatric and adult voxel phantoms of ICRP 
(2009). VirtualDoseTMCT is a set of pediatric and 
adult configurable phantom-based software 
packages combined with GPU-based Monte Carlo 
simulation. Sahbaee et al. (2014) described a code 
based on a mathematical model derived from the 
correlation between coefficients of organ dose and 
patient body sizes. 
 
Some of the mentioned codes are designed for the 
calculation of absorbed patient dose in large-scale 
clinical centers and are available as commercial. 

Calculation methods, which used in this study, 
were developed by Lee et al. (2015) to evaluate 
absorbed organ doses for CT patients, by using 
pediatric and adult reference voxel phantoms 
adopted by the ICRP and Monte Carlo simulation 
obtained from x-rays from CT examination. 
 

2. Material and Method 

The dose evaluation algorithm used by NCICT is 
based on the finding reported by Turner et al. 
(2010) that CTDIvol can be used as 

 

 
 
 

DC and CTDIvol parameters were expressed in Zaidi 
and Xu (2007), Sahbaee et al. (2014), Lee et al. 

(2015), Reiser et al. (2004), AAPM (2011) and if the 
CTDIvol is unknown, it could be evaluated via Eq. (2). 
 

 
 

Organ absorbed dose per unit air kerma were 
calculated for Heart Wall, Liver and Kidney for adult 
female and male phantom (weight constant (80 
kg), height variable) (Lee et al. 2012, Lee et al. 
2011, Lee et al. 2014). Radiation exposure was 
simulated by selecting the predefined abdomen as 
the area for the 200 kV voltage of the irradiation 
geometry and the current-time value of 100 mAs. 
Fig. 1 shows the input screen used in the 
calculation and a female phantom weighing 80 kg 
with different heights. 

 

 

 

Figure 1. Female phantom weighing 80 kg with different 

heights  

 

3. Calculations 

By using phantoms (both male and female) 
weighing 80kg and different heights, the 
predefined abdominal region CT shots were 
simulated by selecting 200 kV tube voltage and 100 
mAs current-time constant for a scanner most 
similar to the CT scanner in our clinic. Organ doses 
were calculated for Heart Wall, Liver and Kidney, 
which were determined as critical organs in the 
region. The variation of organ doses according to 
the phantom size is shown in Figs. 2 and 3. 
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Figure 2. Variation of organ doses by height for 80 kg 
female phantom. 

 

 

Figure 3. Variation of organ doses by height for 80 kg 
Male phantom. 

 

The effective doses obtained by the same 
calculation are shown in Fig. 4. 

 

 

Figure 4. Variation of effective dose by height for both 
female and male phantoms. 

 

4. Conclusion 

The effective dose of the shot was calculated with 
Heart Wall, Liver and Kidney organ doses for both 
male and female phantoms with a mass of 80 kg 
and of different heights by using Monte Carlo-
based NCICT code, with a tube voltage of 200 kV 
and a current-time value of 100 mAs in the pre-
defined abdomen region irradiation in CT. Although 
organ doses for both phantoms increase with 
increasing height, when the effective doses are 
examined, despite the same relation being 
observed for the male phantom, there are 
irregularities in the values of the female phantom. 
Upon examination of organ doses and effective 
doses, irregular results are obtained with a length 
of 160 cm for the female phantom and a length of 
175 cm for the male phantom. The obtained data 
will be beneficial for users employing ICRP 
phantoms for Monte Carlo dose calculation to 
compare the calculation process.  
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 Polimer Kompozit.

Bu çalışmada elektroeğirme yöntemi ile karbon nanotüp (KNT) ilave edilmiş poliakrilonitril (PAN) nanolif 
üretimi rapor edilmiştir. Boncuksuz ve düzenli PAN/KNT elektroeğirme yöntemi ile elde edilmiş 
nanofiberler elde etmek için beş farklı KNT konsantrasyonu (0.05, 0.1, 0.2, 0.5 ve %1 ağırlık) denenmiş 
ve nanolifleri karakterize etmek için Taramalı Elektron Mikroskobu (SEM), Raman ve X-Işını Difraksiyonu 
(XRD) analizleri kullanılmıştır. Sonuçlar, artan KNT konsantrasyonu ile PAN/KNT nanoliflerinin çapının 
arttığını ve optimum bir konsantrasyondan sonra nanolifler üzerinde bazı düzensiz bölgeler ve 
boncuklanmaların oluştuğunu göstermiştir. Bununla birlikte, KNT'lerin eklenmesi, PAN nanoliflerinin 
grafitizasyonunu ve kristalliğini arttırmıştır. Boncuksuz ve kristalizasyon seviyesi yüksek PAN/KNT 
nanolifler için optimum KNT konsantrasyonu ağırlıkça %0.1 olarak bulunmuştur.

Carbon Nanotube (CNT) Embedded Polyacrylonitrile (PAN) Electrospun 
Nanofibers Production and Characterizations

Abstract

Keywords
Carbon Nanotube 

(CNT); 
Polyacrilonitrile (PAN); 

Electrospinning; 
Nanofiber; 

Polymer composite.

Carbon nanotube (CNT) embedded polyacrylonitrile (PAN) nanofibers production by electrospinning 
method was reported in this study. Five different CNT concentrations (0.05, 0.1, 0.2, 0.5, and 1wt%) 
were tried to obtain beadless and regular PAN/CNT electrospun nanofibers. Scanning Electron 
Microscopy (SEM), Raman and X-Ray Diffaraction (XRD) analyses were utilized to characterize 
nanofibers. The results indicated that with increasing CNT concentration, the diameter of PAN/CNT 
nanofibers increased, and after an optimum concentration some disordered sites and beads were 
observed on the nanofibers. However, the addition of CNTs enhanced the graphitization and 
crystallinity of PAN nanofibers. The optimum CNT concentration for beadless and high crystalline 
PAN/CNT nanofibers was found as 0.1 wt%.

© Afyon Kocatepe Üniversitesi
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1. Introduction
For the fabrication of long organic fibers, 
electrospinning is a suitable electrostatic technique 
(Bhardwaj and Kundu 2010). In the electrospinning 
process, a sufficiently high voltage is needed to be 
applied to a liquid droplet in order to charge the 
body of the liquid (Li, Laurencin et al. 2002). This 
method could be utilized for the generation of 
porous, hollow and core-shell structures and allows 
for functionalization of the surface of nanofibers 
with various molecules and nanoparticles during or 
after the electrospinning process, as well.  
Nanofibers obtained with the electrospinning 
method with their excellent properties such as 
large surface area, small pore size, elasticity, high 
mechanical strength and biocompatibility are well-
suited for many applications including actuators 
(Park, Gu et al. 2016), catalysts (Guerrero-Pérez 
2021), air filtration (Yardimci, Kayhan et al. 2022), 
water purification (Ramakrishna, Jose et al. 2010, 
Chinnappan, Baskar et al. 2017), energy storage 
(Zhang, Kang et al. 2016), food applications 
(YARDIMCI and TARHAN , Kumar, Kumar et al. 
2019), protective clothing (Gorji, Bagherzadeh et al. 
2017), drug delivery (Son, Kim et al. 2014), tissue 
engineering (Ince Yardimci, Aypek et al. 2019, Ince 
Yardimci, Baskan et al. 2019), biosensors (Kivrak, 
Ince-Yardimci et al. 2020), and chemical sensors 
(Ince Yardimci, Yagmurcukardes et al. 2022).

Carbon nanotubes (CNTs) with the carbon-carbon 
sp2 bonds they have display high stiffness and axial 
strength, and large Young modulus in their axial 
direction (Popov 2004). At the same time, they 
show extraordinary electrical conductivity and 
heat conductivity (Spitalsky, Tasis et al. 2010). They 
are appropriate nanomaterials to utilize for 
polymer composites. By adding CNTs to the 
polymer, their electrical and mechanical properties 
could be enhanced, the strength of the material 
could be increased and problematic creep could be 
decreased (Spinks, Mottaghitalab et al. 2006). By 
aligning CNTs to one direction, anisotropic 
mechanical and electrical properties could be 
obtained and especially along the alignment 

direction these properties improve dramatically 
(Zheng, Razal et al. 2011). In literature, CNTs were 
used with different polymers some of these 
polymers are epoxy (Kim, Seong et al. 2006), gel-
coat (Yardimci, Tanoglu et al. 2013), 
polydimethylsiloxane (PDMS) (Jang, Yoon et al. 
2021), polyvinylidene difluoride (PVDF) (Zhang and 
Vecitis 2014), poly(methyl methacrylate) (PMMA) 
(Yao, Wu et al. 2007),  poly(vinyl alcohol)  PVA 
(Jung, Cha et al. 2011) are some polymers utilized 
with CNTs. 

In this study, we report the preparation of CNT 
embedded PAN nanofibers. Different CNT 
concentrations were investigated to obtain regular 
and beadless nanofibers and the results indicated 
that the generation of beadless PAN/CNT 
electrospun nanofibers with high crystallinity was 
achieved with the CNT concentration of 0.1 wt%.  

2. Materials and Method

2.1. Materials

To produce PAN/CNT nanofibers PAN 
(MW=150000) was utilized as a polymer and N,N-
dimethylformamide (DMF) was utilized as a solvent 
and they were purchased from  Aldrich and used 
without further purification. 

2.2 Preparation of PAN/CNT Solutions and 
Electrospinning Process 

The process of CNT growth was presented 
in our previous work (Yardimci, Yılmaz et al. 2015). 
For PAN/CNT nanofibers production, the 
electrospinning method was used.  To enhance the 
crystallinity of PAN, CNTs were inserted into the 
electrospinning solution in different amounts. 

The applied voltage was changed between 
15-25 kV and the flow rate of the solution was 
changed between 1.5 and 2.5 ml/h depending on 
solution viscosity and conductivity. The schematic 
of the electrospinning process is given in Fig. 1. 
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2.3 Characterization of PAN/CNT Electrospun 
Nanofibers

The morphology and diameter of PAN/CNT 
electrospun nanofibers were analysed by SEM. X-
ray diffraction ( XRD) studies using Cu Kα radiation 
source were utilized to understand the crystal 
phase of synthesized fibers and Raman 
spectroscopy was used with 514 nm Ar laser 
excitation to characterize the graphitic nature of 
pure PAN nanofibers and its CNT embedded forms. 

3 Results and Discussions

SEM was utilized to characterize the surface 
morphology and diameter of pure PAN and 
PAN/CNT nanofibers. Fig. 2 displays the SEM 
micrographs of PAN nanofibers including the 
different amounts of CNT.

Figure 1 Schematic representation of electrospinning process.

It was observed that the fibers showed a 
smooth surface at low concentrations of CNTs, 
however with the increasing amount of CNT, 
especially at concentrations higher than 0.2 wt%, 
roughness increased dramatically. The reason for 
this roughness is CNT agglomeration and not 

embedded CNTs into the PAN nanofibers. Another 
effect of the increase in CNT concentration was 
observed on the diameter of nanofibers. The 
diameter of PAN nanofibers increased with 
increasing CNT concentration.
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Figure 2 PAN/CNT nanofibers SEM images
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While the average CNT diameter was about 83 
nm for pure PAN nanofibers, this value 
increased to 405 nm for the sample including 
1wt.% CNT as seen in Fig. 3. Diameters 
increased up to 0.5 wt% CNT loading, however 
at 0.5 wt% CNT amount, the average diameter 
decreased significantly. The reason for this 
change was probably because of the existence 
of beads on nanofibers. As expected, at 1 wt% 
CNT concentration the average diameter 
increased again. 

XRD analysis was carried out in order to 
determine the improvement in graphitization in 
electrospun PAN nanofibers by adding CNT. XRD 
spectra obtained from PAN/CNT nanofiber are 
presented in Fig. 4. For the neat PAN nanofiber 
sheet, there was a strong peak at 29.95o which 
is relating to (020) crystal plane of PAN and a 
weak peak at 17.19o assigned to (200) crystal 
plane of PAN. The intensity of the peak of (200) 
crystal plane increased with increasing CNT 
concentration. CNT (002) at 27.2o and (004) at 
54.4 o crystal plane peaks (Kaur, Kumar et al. 
2016) began to appear at 0.1 wt% CNT 
concentration and 0.5 wt% CNT concentrations, 
respectively. These CNT peaks appearance 
indicates better crystallinity than neat PAN 
nanofibers. 

 Fig. 5 displays Raman spectra of the 
electrospun PAN nanofibers. For neat PAN 
nanofibers, it was observed only the Raman 
scattering peak of the nitrile group (-CN) at 
2240 cm-1 (Matsuno, Takagaki et al. 2020). With 
CNT addition, this peak intensity began to 
decrease and at high CNT concentrations, this 
peak disappeared. D-band at ̴1370 cm-1 and G-
band at  ̴̴1590 cm-1 of CNTs were observed at 
0.2 and 0.5 wt% of CNT concentrations 
(Dresselhaus, Dresselhaus et al. 2005). With 

increasing CNT concentrations IG/ID value of 
electrospun nanofibers also increased. This 
Raman data support XRD results; graphitization 
increased with increasing CNT concentration. 

Figure 3 Average diameter distribution of 
PAN/CNT electrospun nanofibers.

Figure 4 XRD scans of CNT embedded PAN 
electrospun nanofibers.
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Figure 5 Raman spectra of CNT 
embedded PAN electrospun nanofibers.

4. Conclusions

In conclusion, PAN/CNT nanofibers 
containing different amounts of CNT were 
prepared through the electrospinning method. 
The results indicated that CNT addition 
enhanced the crystallinity and graphitization of 
PAN nanofibers. However, SEM pictures showed 
that the size of electrospun nanofibers was 
firstly became thicker and then their 
morphology and shape began to deteriorate 
with increasing CNT concentration. Bead 
formation on nanofibers and some irregulars in 
the nanofiber morphology were observed at 
high CNT concentrations. Overall, the optimum 
CNT concentration was found as 1 wt% and the 
average diameter of nanofibers obtained by 
using this concentration of CNT was measured 
as 248 nm. 
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Özet 

Michael katılması gibi C-C bağı oluşturma yeteneğine sahip reaksiyon tiplerinde, kiral organokatalizör 
uygulamaları son yılların önemli araştırma alanlarındandır. Organik reaksiyon tiplerinden önemli 
çalışmalarından biri olan Michael katılmasına en iyi örneklerden biri de organokatalizörler varlığında 
nitroolefinlerin ketonlar ile reaksiyonudur. Bu çalışmada; L-prolin bazlı amit türevi, ılımlı bir verim ile 
sentezi gerçekleştirilmiş ve yapısı çeşitli teknikler ile aydınlatılmıştır. Sentezi gerçekleştirilen bu bileşiğin; 
organokatalizör olarak, Michael katılma çalışmalarında enantiyomerik aşırılık (e.e.) üzerine etkisi 
incelenmiş ve en iyi enantiyomerik aşırılık değerinin karbontetra klorür (CCl4) içinde ve %65 olduğu 
tespit edilmiştir. 

 

Prolines Based β-Hydroxyamide as Organocatalysts for Use in 
Asymmetric Michael Addition 
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Enantiomeric excess;  
L-Proline. 

Abstract 

Applications of chiral organocatalysts in reaction types capable of forming C-C bonds, such as Michael 
addition, are one of the important research areas of recent years. One of the best examples of Michael 
addition, one of the important works of organic reaction types, is the reaction of nitroolefins with 
ketones in the presence of organocatalysts. In this study, L-proline-based amide derivative was 
synthesized with moderate yield and its structure was elucidated by various techniques. As an 
organocatalyst, its effect on enantiomeric excess (e.e.) was investigated in Michael addition studies and 
the best enantiomeric excess value was found to be 65% in carbontetra chloride (CCl4). 

© Afyon Kocatepe Üniversitesi 
 

1. Introduction 
The use of stereoisomeric pure compounds in 
many industrial sectors such as pharmaceutical 
production is an issue that needs attention. (Bulger 
2012) To obtain such compounds, scientists have 
studied many different methods. One of these 
studies is the use of organocatalysts in the 
production of pure stereoisomeric compounds. 

Organocatalysts, besides offering an effective and 
very useful way (Barrulas al 2014) both in industry 
and in research (Carlone al 2019), are among the 
most popular areas of recent interest with their 
low toxic effect (Susam al 2021). Organocatalysts 
are of interest because they are easy to obtain, 
inexpensive and environmentally friendly. (Dalko 
al. 2004, List 2006) As a matter of fact, the Nobel 
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Prize in chemistry in 2021 was given to two 
scientists who worked on asymmetric 
organocatalysts. Asymmetric organocatalysts have 
a valuable place in the synthesis of chiral organic 
molecules. (List 2004) The use of organocatalysts in 
reactions carried out to obtain chiral molecules 
with high enantiopurities makes the use of such 
catalysts important (Bozkurt 2008). 
Organocatalysts consisting of enantiopure groups 
such as L-Proline are used in many reactions such 
as aldol condensation (Liu 2010), Michael addition 
(Jin 2016, Zhiwei 2022), Mannich reactions (Kumar 
2019).  
Michael addition, which is one of the useful 
reactions for the formation of C-C bonds, involves 
the addition of a nucleophile to the molecule with 
an electron withdrawing group (Castan 2018). In 
these reaction studies, obtaining an addition 
product with enantiopurity, thanks to the use of 
organocatalyst, is rather a young subject. An 
important example of these reactions is the 
addition of aldehyde (Durmaz 2013, Naziroglu 
2012) or ketone (Vural 2016) to nitroolefins. The 
conversion of compounds containing nitro group to 
amine, nitrile oxide oxide, carbonyl with various 
synthetic steps increases the importance of these 
compounds even more (Shim 2020).  
L-proline and its derivatives emerge as important 
chiral organocatalysts used in Michael addition 
reactions. In the literature, the use of different 
chiral organocatalysts has been encountered with 
the attachment of compounds such as 
diarylprolinol silylether (Zhu al 2010), proline 
lithium salt (Xu 2013), pyrrolidine-based triazole 
(Yan 2006) and pyrrolidine-based imidazole 
(Yumiko 2018) to the main skeleton of proline. As 
the formation of this reaction; It is predicted that 
first of all, an imine/enamine is formed between 
the ketone/aldehyde derivatives and the nitrogen 
atom of the prolidine, followed by the 
incorporation of nitroolefins into this imine 
(Michael 2015). The presence of various hydrogen 
donor and acceptor groups, as well as bulky groups 
with steric hindrance, in the structure of the 
enantiopure organocatalyst; causes nitroolefins to 
attack from a preferential direction (Hong 2021). In 
this case, the product to be formed allows the 

formation of an enantiomerically rich product. For 
the reasons mentioned above, we designed a new 
organocatalyst based on prolidine and containing 
bulky groups as well as hydrogen acceptor-donor 
groups in its structure. 
2. Experimental 
2.1 General 
Melting points were determined on an 
Electrothermal 9100 apparatus in a sealed 
capillary. 1H and 13C NMR spectra were recorded at 
room temperature on a Varian 400 MHz 
spectrometer in CDCl3. IR spectra were obtained on 
a Perkin Elmer FTIR spectrum-100 FTIR 
spectrometer using ATR. Optical rotations were 
measured on an Atago AP-100 digital polarimeter. 
The HPLC measurements were carried out on 
Agilent 1100 equipment connected with chiral 
column. Elemental analyses were performed using 
a Leco CHNS-932 analyzer. 
Analytical TLC was performed using Merck 
prepared plates (silica gel 60 F254 on aluminum). 
Flash chromatography separations were performed 
on a Merck Silica Gel 60 (230-400 Mesh). All 
reactions, unless otherwise noted, were conducted 
under a nitrogen atmosphere. All starting materials 
and reagents used were of standard analytical 
grade from Fluka, Merck and Aldrich and used 
without further purification. Toluene was distilled 
from CaH2 and stored over sodium wire. Other 
commercial grade solvents were distilled, and then 
stored over molecular sieves. The drying agent 
employed was anhydrous MgSO4.  
 
2.2 Syntheses 
The synthesis of Compound I has been already 
described by us. (Bozkurt al. 2012) 
 
2.2.1 Synthesis of benzyl (S)-2-(((S)-3-
(dibenzylamino)-2-hydroxypropyl) carbamoyl) 
pyrrolidine-1-carboxylate (Compound II) 
To a cooled solution of DCC (206 mg, 1 mmol) in 
CH2Cl2 (5 mL) was slowly added to a solution of N-
Benzyloxycarbonyl-L-proline (260 mg, 1 mmol) in 
CH2Cl2 (5 mL) at 0 °C. Stirred the reaction for an 
hour. Then, optically pure Amine I (1.15) in CH2Cl2 
(5 mL) was added dropwise and the resulting 
solution was stirred for 24 h. Then, CH2Cl2 (10 mL) 
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was added and filtrated, the solvent was removed 
under reduced pressure and the crude product was 
purified by flash chromatography on silica gel 
(CHCl3/MeOH 20:1 as eluent) to afford Compound 
II. Viscous yellow oil, yield 79%; ∝ = + 8.2 (c 0.74, 
CHCl3); 1H-NMR (400 MHz, CDCl3): δ (ppm) 7.54–
7.13 (m, 15H, ArH), 6.59 (bs, 1H, NH), 5.26–4.97 (m, 
2H, OCH2Ar), 4.32–4.00 (m, 1H, NCH), 3.89–3.61 
(m, 3H, CHOH and NCH2), 3.57–3.32 (m, 5H, NCH2, 
NCH2, OH), 3.19–2.72 (m, 2H, NCH2), 2.63–2.27 (m, 
2H, NCH2), 2.20–1.76 (m, 4H, CHCH2, CH2CH2); 13C-
NMR (100 MHz, CDCl3) δ (ppm) 172.7, 154.3, 139.1, 
136.1, 130.0, 128.4, 128.2, 127.9, 127.6, 127.3, 
71.5, 67.2, 58.1, 56.8, 46.4, 41.2, 29.1, 20.5; Anal. 
Calcd for C30H35N3O4 (501.32): C, 71.83%; H, 7.03%; 
N, 8.38%; Found C, 71.79%; H, 7.04%; N, 8.39%. 
 
Synthesis of (S)-N-((S)-3-(dibenzylamino)-2-
hydroxypropyl)pyrrolidine-2-carboxamide 
(Compound III) 
To a solution of Compound II (1.0 mmol) in ethanol 
(15 mL) was added Pd/C (156 g) and cyclohexene 
(0.5 mL). The mixture was refluxed for 3 h. After 
the completion of the reaction, the solution was 
cooled to rt, filtered on Celite to remove any solids, 
the solvent was removed under reduced pressure 
and the residue was chromatographed on a silica 
gel column to obtain pure Compound III. Viscous 
yellow oil, yield 43%; ∝ = + 10.2 (c 1.11, CHCl3); 
1H-NMR (400 MHz, CDCl3): δ (ppm) 7.60 (t, J = 5.04 
Hz, 1H, NH), 7.40–7.04 (m, 10H, ArH), 3.86–3.66 
(m, 3H, CHOH and NCH2Ar), 3.49 (dd, J = 9.14, 5.46 
Hz, 1H, NHCH2), 3.41–3.23 (m, 3H, NHCH2 and 
NCH2Ar), 3.08 (ddd, J = 13.84, 6.54, 5.46 Hz, 1H, 
NHCH2), 2.89–2.74 (m, 2H, NHCH2CH2CH2), 2.41–
2.27 (m, 3H, NCH2CH and OH), 2.00 (tdd, J = 12.72, 
9.10, 7.38, 7.38 Hz, 2H, CHCH2CH2), 1.72 (td, J = 
19.27, 6.21, 6.21 Hz, 1H, CHCH2CH2), 1.66–1.54 (m, 
2H, CHCH2CH2). 13C-NMR (100 MHz, CDCl3) δ (ppm) 
171.3, 138.6, 128.8, 128.2, 127.2, 68.7, 63.1, 61.4, 
58.7, 46.3, 45.9, 30.7, 25.5; Anal. Calcd for 
C22H29N3O2 (367.28): C, 71.90%; H, 7.95%; N, 
11.43%; Found C, 71.88%; H, 7.94%; N, 11.44%. 
 
General Experimental Procedure for the Michael 
Addition of Cyclohexanone to Nitroolefins 
To a mixture of catalyst (0.0025 mmol), nitroolefin 

(0.25 mmol) in carbontetrachloride (0.250 mL) was 
added the carbonyl compound (1.5 mmol). The 
reaction mixture was stirred at room temperature 
until the nitroolefin was completely consumed 
(monitored by TLC). After evaporation of the 
solvent under vacuum, the residue was separated 
by flash chromatography over silica gel 
(hexane/ethyl acetate = 10:1) to give the Michael 
adduct. The enantiomeric excess was determined 
by chiral HPLC with OD-H columns. 
 
3. Result and Discussion  
The synthesis of organocatalysts containing 
hydrogen donor-acceptor groups and bulky groups 
capable of pi-pi interaction is extremely important 
in obtaining enantiomerically rich compounds. In 
our previous studies, we obtained an amino alcohol 
derivative with two separate phenyl groups in its 
structure to contain it in bulky groups. To obtain an 
important derivative of these compounds; In this 
study, we synthesized a new proline amide as a 
result of the reaction of amine group protected L-
proline with an amino alcohol derivative. 
Compound I, prepared according to the procedures 
previously described by us, was treated with the 
enantiopure L-(-)-Cbz-protected proline in the 
presence of DCC (Dicyclohexylcarbodiimide) in dry 
CH2Cl2. Later on; Compound III is obtained as the 
final product by boiling it in a solution in ethanol in 
the presence of Pd/C (10%) and cyclohexane to 
remove the CBZ protecting group in the structure 
of Compound II in moderate yield as shown in 
Scheme 1. All products structures were determined 
by appropriate spectroscopic techniques such as 
1H-NMR, 13C NMR. 
When the 1H NMR spectrum of Compound III was 
examined, it was observed that the amide proton 
resonated as a triplet at 7.60 ppm, while the NHCH2 
protons resonated as a doublet of a doublet of a 
doublet at 3.49 ppm. On the other hand, it was 
determined that CHOH protons formed multiplet-
shaped peaks between 3.49–3.59 ppm. Moreover; 
It was observed that aromatic protons had 
multiplet resonance between 7.40–7.04 ppm.  
To investigate the efficiency of the obtained 
proline amide derivative as a chiral organocatalyst; 
As a model reaction, on different solvents, the 
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reaction between cyclohexanone and β-
nitrostyrene was studied. As can be seen in Table 1, 
first of all, the addition study in water was carried 
out. However, both the yield of the product formed 

and the yield of enantiopurity were not at the 
desired level.  
 

 
Scheme 1. (i) DCC, Cbz-L-Proline, CH2Cl2, rt; (ii)Pd/C, cyclohexene, ethanol, reflux. 
 

Then the same reaction; When repeated in 
different solvent environments, the product is 
obtained in both THF and chloroform with a yield 
of 75%; It was observed that the ee value reached 
56% and 63% in these solvents, respectively. 

 
 

Table 1. Asymmetric Michael addition of 
cyclohexanone to trans-β-nitrostyrene 

Entry Solvent Time 
(d) 

Yield 
(%)a 

d.r.b e.e. 
(%)c 

1 H2O 3 38 99/1 13 
2 H2O+DMSO 3 40 99/1 18 

3 THF 3 75 99/1 56 

4 CHCl3 3 75 99/1 63 

5 CCl4 3 80 99/1 64 

6 Toluene 3 70 nd nd 

 

4. Conclusions 
In conclusion, we synthesized a new chiral β-
hydroxyamide-pyrrolidine-based catalysts for the 
Michael addition reaction of cyclohexanone with β-
nitrostyrene. Moderate yields, high 
diastereoselectivities, and modarate 
enantioselectivities were achieved.  
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