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ABSTRACT 
The molecular structure of Cyclophosphamide (΄N, N-bis(2-chloroethyl)-1,3,2-oxazaphosphinan-2-
amine 2-oxide΄ is the anti cancer drug and used to treat cancer and immune diseases) and SWCNTs 
were calculated by the B3LYP density functional model with 6-311G* basis set with Gaussian 09 
program. The nanotube used in this study, includes 120 C atoms (5, 5) type. The NBO analysis 
showed there is a hyperconjugative interaction between Oxygen lone – pair electrons of 
Cyclophosphamide and σ* οr π* orbitals of carbon atom of nanotube. Also chemical shift 
isotropy(σ), chemical shift anisotropy(∆σ) ), asymmetry parameter(η) of this compounds have been 
reported. 
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INTRODUCTION
1Cyclophosphamide (Fig. 1) known as 
cytophosphane. An alkylating agent adds 
an alkyl group (CnH2n+1) to DNA. It 
attaches the alkyl group to the guanine 
base of DNA, at the number 7 nitrogen 
atom of the imidazole ring. This interferes 
with DNA replication by forming 
intrastrand and interstrand DNA 
crosslinks. Cyclophosphamide uses with 
other chemotherapy agents in the treatment 
of lymphomas, some forms of brain 
cancer, leukemia[1] and some solid tumors 
[2] It is a chemotherapy drug that works by 
inducing the death of certain T 
cells.Cyclophosphamide has severe and 
life-threatening adverse effects, including 
acute myeloid leukemia, bladder cancer, 
hemorrhagic cystitis, and permanent 
infertility, especially at higher doses. For 
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autoimmune diseases, doctors often 
substitute less-toxic methotrexate or 
azathioprine after an acute crisis [3].  

Our study, Based on the Density 
Functional Theory (DFT) methods and 
Natural Bond Orbital (NBO) analysis, 
electron transport mechanism of carbon 
nanotube with Cyclophosphamide have 
investigated. 
 

Fig 1. Cyclophpsphamide structures. 
 

COMPUTATIONAL METHODS 
In this paper we used Density functional  
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theory (DFT). DFT has become very 
popular in recent years. At first we have 
modeled the structure of 
Cyclophosphamide with Gauss view 
package and Single Walled Carbon 
Nanotube (SWCNTs) with Nanotube 
Modeler then optimized those structures. 
All the calculations were performed with 
the Gaussian 09 program package by DFT 
method at the B3LYP/6-311G*level. After 
fully optimization structures of 
Cyclophosphamide - SWCNTs, we have 
calculated of Energy value, NMR 

parameters and NBO at the levels of 
B3LYP/6-311 G*. 
 
RESULTS AND DISCUSSION 
In this work at first we employed DFT 
method with different basis set for  
investigating the structures  optimization 
and energy minimization of  
Cyclophosphamide , Single Walled Carbon 
Nanotube (5, 5) and then 
Cyclophosphamide – SWCNTs (Fig .2) 
their data have been summarized in Table 
1. 

 
Fig. 2.Optimization of Cyclophosphamide-SWCNTs. 

 

Table 1. Calculation Energiy with B3LYP method by 3-21g*, 6-31g* and 6-311g* for Cyclophosphamide, 
SWCNTs and Cyclophosphamide-SWCNTs 

 
Molecule Method/Basis set Energy(kcal/mol)) 

Cyclophosphamide

Cyclophosphamide 

Cyclophosphamide 

B3LYP/3-21g*

B3LYP /6-31g* 

B3LYP /6-311g* 

-4692069.1231

-4714853.7208 

-4699672.7367 

CNTs

CNTs 

CNTs 

B3LYP /3-21g*

B3LYP /6-31g* 

B3LYP /6-311g* 

-8977573.0324

-9027550.2068 

-9082370.2296 
Cyclophosphamid-CNTs

Cyclophosphamid-CNTs 

Cyclophosphamid-CNTs 

B3LYP /3-21g*

B3LYP /6-31g* 

B3LYP /6-311g* 

-13669703.2823

-13742430.565 

-13744637.6751 
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All the relative NMR shielding 
parameters were calculated supposing 
Gauge Included Atomic Orbital (GIAO) 
method. The GIAO calculations of NMR 
chemical shielding tensors were performed 
using DFT method.The chemical shielding 
tensor were calculated with the 
GAUSSIAN 09 program [5-7]. 

The chemical shift of a nucleus, i, in a 
molecule arises from the nuclear shielding 
effect of an applied magnetic field, caused 
by an induced magnetic field resulting 
from circulation of surrounding electrons 
[7-15]. The magnitude of such an induced 
magnetic field is proportional to the 
strength of the applied external magnetic 
field B0, so that the effective field Beff at 
the nucleus is given as 

 
Beff=B0(1−σi) (1) 

 
where σi is the second-rank nuclear 
shielding tensor and 1 is the unit matrix. In 
normal NMR experiments B0 is a uniform 
field along the z-axis; therefore, σi= σizz. 
For chemical shielding tensor, we often 
use x, y and z diagonalizes matrix to give 
the three principal components (δXX, δYY,
δZZ or in the “Mehring notation”, the 
principal components, δ11, δ22 and δ33). The 
isotropic average of the tensor is given by  

 

δiso=1/3(δ11+δ22+δ33) (2) 
 
The three principal components is 

related to δiso by [15] 
 

∣δ33−δiso∣≥∣δ11−δiso∣≥∣δ22−δiso∣ (3) 
 
where δ33 is the principal component 
farthest from the isotropic value, and δ33 is 
the component closest to δiso: the ordering 
of the components can be either δ33≥ δ22≥
δ11 depending on the chemical structure in 
question. Therefore, the “reduced 
anisotropy” is defined as 

 
∆δ=δ33−1/2(δXX+δYY) or δ=δZZ−δiso (4) 
 

The shielding asymmetry η is defined as 
 
η=(δ22−δ11)/δ≡3(δ22−δ11)/2∆δ Or 
η=|σ22-σ11| / |σ33-σiso| (5) 

These anisotropy/asymmetry 
conventions can be replaced by span (Ω)
and skew (κ) parameter with the following 
definitions [�� ��]:  

 
Ω=δ11−δ33 (6) 
κ=3(δ22−δiso)/Ω (7) 

 
The chemical shielding (σiso), 

anisotropy shielding (∆σ), asymmetry 
parameter (η), span (Ω) and skew (κ) for 
atoms of Cyclophosphamide-SWCNTs in 
(Figure 2) have been summarized in Table 
3. 

According to the result of NMR 
parameters (Table3) σiso, ∆σ, η in all atoms 
are positive value expect ∆σ in H114, N123,
c125, H126, H129 that these are the negative 
value. Chemical shifts (σ) and (∆σ) for 
each of the atom are shown in Figure 2.In 
this diagram biggest signals belong of 
atoms C112, P122, N 135, Cl138. And in the 
diagram of ∆σ biggest signals belong of 
atoms C111, O121, N135 ,Cl138 and smallest 
signal belong of atoms H91, H114, N123,
C128, N136.

Natural bond orbital (NBO) has an 
important role in interaction in complex, 
specially charge transfer. This analysis is 
done according all possible interactions 
between filled donor and empty acceptor 
NBOs and estimating their energetic 
importance by second-order perturbation 
theory. For each donor NBO(i) and 
acceptor NBO(j), the stabilization energy 
E(2) associated with electron delocalization 
between donor and acceptor is estimated 
as: 

E(2) = qi( Fi,j)2 / εj – εi (8) 
 

where qi is the orbital occupancy, "εi, "εj
are diagonal elements and Fi;j is the off 
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diagonal NBO Fock matrix element [17-
20].If E(2) amount is very large,interaction 
between electron donor (NBOi) and 
electron acceptor (NBOj) will be more 
intensive.The result of second order 
perturbation theory analysis at B3LYP/6-
311G* level of theory are collected in 
Table 4.Also the NBOs result shown in 
Table4 we used natural population analysis 
(NPA). For each donor NBO and acceptor 
NBO the stabilization energy E(2) is 
presented as the second-order perturbation 
interaction energy E(2).

The staibility of compound confirmed 
by E(2).According to result of the 
calculation naturel hybrids, occupancies 
and second-orbital perturbation energy E(2) 
hyperconjugation can occure between 
electrons lone pair of oxygen (Lews-type 
NBOs) with some σ* or л*(Non-Lews NBOs). 
The most important transfer in compound 
(Cyclophosphamide -SWCNTs) is 
��������� � � � ��� � ���� that is 
hightest energy a stable structure. 

 

Fig. 2. Diagrams which show chemical shifts for each of the atom at the Cyclophosphamide-SWCNTs.

Table 3. Values of parameters(ppm) of Cyclophosphamide such as isotropic (σiso), anisotropic (σaniso) 
shielding and asymmetry parameter(η)

Atom σiso ∆σ η Atom σiso ∆σ η
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Table 4. Calculated natural hybrids, occupancies and the second-order perturbation energy E2 at B3LYP 6-
311G* 
 Lews-type NBOs Non Lews NBOs 
Type Hybride Occupancy Type Occupancy E(2) (kcal/mol-1)

LP(1)O124 sp 0.54 1.97497 σ*C47-H100 
σ*C60-H103 

0.01747 
0.01931 

1.02 
0.55 

LP(2)O124 sp 1.00 1.82074 σ*C47-H100 
σ*C60-H103 

0.01747 
0.01931 

0.56 
0.92 

LP*(1)P122 sp 2.23 0.60662 σ *C47-H100 
σ*C60-H103 

0.01747 
0.01931 

0.17 
0.11 

LP*(2)P122 sp 66.30 0.53200 σ *C47-H100 
л*C60-H72 

0.01747 
0.24660 

0.25 
0.12 

LP (1)N123 sp 7.05 1.89296 л*C60-C72 0.24660 0.06 
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CONCLUSION 
In our study we investigat on stability of 
Cyclophosphamide with Single Walled 
Carbon Nanotube according to our results 
the following conclusions are derived for 
this compound: 

1-The compound of 
Cyclophpsphamide-SWCNTs is more 
stable than the single structure.This result 
confirmed by energy and second-order 
perturbation interaction E(2).

2-When the p orbital share of the lone 
pair electrons of oxygen increasing,the 
occupancy decreased. 
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