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Abstract 
 

As a result of the direct synthesis through oxidative dissolution of metallic 
copper powder in the presence of phthalimide and sodium hydride a new 
polymeric bimetallic coordination compound [Cu(phthal)4Na2(PrOH)2H2O]n was 
synthesized and characterized by a single crystal X-ray crystallography and IR 
spectroscopy. The copper(II) ions have a distorted tetrahedral environment (CuN4), 
while the coordination polyhedra of two symmetrically independent sodium ions 
are distorted tetragonal pyramid (NaO5) and octahedron (NaO6). The alternating 
Cu and Na coordination spheres are bridged by the O atoms of the multidentate 
phthalimide anions. In the crystal lattice, columns of the polymeric complex are 
packed in the pseudo-hexagonal mode. The complex crystallizes in the triclinic 
space group P-1 with the unit cell parameters: a = 11.293(4) Å, b = 12.253(5) Å, 
c = 15.683(5) Å, α = 92.60(4)˚, β = 106.39(5)˚, γ = 113.39(5)˚. 
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1. Introduction 
 

Phthalimides are aromatic compounds with two carbonyl groups bound to a 
secondary amine (Scheme 1). 

NH

O

O

  
Scheme 1 

 
Their salts, especially potassium, are very reactive. They hydrolyze in water, 

and therefore their preparation and the reactions are carried out under anhydrous 
conditions (Hargreaves et al., 1970). Phthalimide salts are applicable among 
others as reagents for the synthesis of primary amines (Gabriel synthesis) (Gibson, 
Bradshaw; 1968) and isomerically pure allylic amines (Sen, Roach; 1995). 
Derivatives are used predominantly as building blocks in organic synthesis and 
can be used as key intermediates in the preparation of bioactive compounds, i.e. 
antimicrobial (Sabastiyan, Suvaikin; 2012), anti-HIV (Verschueren et al., 2005), 
antitumor (Pessoa et al., 2010), antiparasitic (Timothy, 2013), antiinflammatory 
and analgesic (Dos Santos, 2012), anticonvulsants (Malawska, Scatturin; 2003) 
and also as herbicides, insecticides and plant growth regulators (Hargreaves et al., 
1970).  

The other application fields are the functional materials based on aromatic 
imides, polyimides and their coordination compounds. Among them, worth to 
mention are the materials with nonlinear optical and piezoelectric properties 
(Singh et al., 2013), fluorescent substances (Bligh et al., 2012), dyes (Maatz, 
Ritter; 2012), bleach activators (Cross et al., 2012), ion exchangers (Klipper et al., 
2011), flame retardants (Shimada et al., 2013) and organic electronic devices 
(Hassan, Thompson; 2013). 

There is still need for continuous exploration of coordination compounds 
with phthalimide ligands. So far, only 30 crystal structures of transition-metal 
complexes have been reported in which the coordinated cations were: Pd, Au, Cu, 
Ni, Sn, Pt, Ag, Fe, Ir, Mn, Zn (Allen, 2002). In these complexes the metal 
coordination sphere is built of 2 up to 4 different organic ligands, among them the 
phthalimide molecule is always deprotonated and coordinates to the cation 
through the N-atom, except of four complexes where additionally O-atoms are 
involved in such bonds to Ag, K or Na cations (Savjani et al., 2011; Ichieda et al., 
2006). There are known only four structures of the phthalimide copper complexes.  
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However, they all contain Cu(I) ions (Ponikiewski et al., 2008; Tye et al., 2008). 
Till now, there was no published data on the Cu(II) phthalimide compounds. 

The similar structure of polymeric coordination compounds are observed for 
two Pd complexes with phthalimide ligands (Ichieda et al., 2006). The unique 
features of these structures are as follows: (a) no other organic ligand molecule is 
present in their structure, and (b) they are bimetallic − additional alkali metal 
cations (sodium and potassium) are included into the polymeric complexes. 

The presented novel bimetallic complex of phthalimide was synthesized 
through the direct synthesis starting from the zero valent copper powder. The 
mechanism of this reaction is the oxidative dissolution of transition metal 
performed in a propanol solution of ligand (Garnovskii, Kharisov; 1999). 
 
 
2. Experimental  
 
2.1. Materials  

   The reagents and solvent, i.e. phthalimide, dendritic copper powder, sodium 
hydride and 1-propanol, used in this work were commercially available from 
Aldrich Chemical Company and Polish Chemical Reagents. They were used as 
received without further purification. 
 
2.2. Synthesis  

   The synthesis of the title complex was carried out using one of the direct 
methods, viz. oxidizing dissolution of metal powder in a solution of ligand with 
addition of sodium hydride as a deprotonation agent (Mendez-Rojas, Kharisov; 
1999).  
   The ligand (0.4 mmol, 0.059 g) was dissolved in 10 ml of 1-propanol. The 
sodium hydride (0.4 mmol, 0.009 g) and copper metal (1 mmol, 0.0635 g) were 
added to the solution of ligand and stirred for 3 hours at 45°C. The solution was 
clarified by a filtration of an excess of copper powder and allowed to stand at 
room temperature. After ca. seven hours the blue fine crystals of complex showed 
up; they were isolated by filtration and washed with propanol. 
   The thermomicroscopic analysis performed in the range 20−270ºC for single 
crystals of complex revealed that around 76−78ºC they change the color from blue 
to brown because of the loss of solvent. They do not decompose until 270ºC. 
 
2.3. X-ray crystallography 

   The diffraction data for the complex were collected on a KM4 CCD 
diffractometer at 120 K, using the blue crystal of dimensions 0.15 × 0.11 × 0.10 
mm and Cu Kα radiation. The structure was solved by direct methods using the 
SHELXS-97 program and refined by full-matrix least-squares method on F2 using 
the SHELXL-97 program (Sheldrick, 2008). Due to the low quality data resulting  
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from a small crystal size and the presence of heavy atoms in the crystal structure 
of the complex, it was not possible to establish the position of the hydrogen atoms 
of water on the basis of the differential electron density maps.  
   The non-hydrogen atoms were refined with anisotropic displacement 
parameters. The isotropic displacement parameters of the H-atoms were Uiso(H) 
= 1.3 Ueq(C) for the methyl groups and Uiso(H) = 1.2 Ueq(C/O) for the rest of 
atoms. 
 
   Crystal data: C38H34CuN4Na2O11, M = 832.21, triclinic, space group P-1, a = 
11.293(4) Å, b = 12.253(5) Å, c = 15.683(5) Å, α = 92.60(4)˚, β = 106.39(5)˚, γ = 
113.39(5)˚, V = 1880.1(12) Å3, Z = 2, Dcalc = 1.470 g cm-3, absorption coefficient 
μ = 1.620 mm-1, F(000) = 858; θ = 4.0–75.3˚, index ranges -14 ≤ h ≤14, -15 ≤ k ≤ 
10, -19 ≤ l ≤ 18, reflections collected 19704, independent 7211 [Rint = 0.0361] and 
observed [I > 2 σ(I)] 4856; number of parameters 506, Goodness-of-fit on F2 = 
1.102, R1[I > 2 σ(I)] = 0.0723, wR2[I > 2 σ(I)] = 0.2130, R1(all data) = 0.0916, 
wR2(all data) = 0.2299. 
The final atomic parameters have been deposited with the Cambridge 
Crystallographic Data Centre as supplementary material (CCDC No. 950043). 
Copies of the data can be obtained free of charge by emailing 
data_request@ccdc.cam.ac.uk or on request via www.ccdc.cam.ac.uk/ 
data_request/cif.  
 
2.4. IR spectroscopy 

The ATR-IR spectra for crystalline phthalimide and its complex were recorded in 
the range 4000-400 cm-1 on a Nicolet 8700A spectrometer equipped with Smart 
Orbit TR diamond ATR accessory. 
 
 
3. Results and discussion 
 
   The complex of the formula [Cu(phthal)4Na2 (PrOH)2H2O]n is built of two 
types of cations, Cu(II) and Na(I), four symmetry independent phthalimide anions, 
two molecules of propanol and one of water completing the metal coordination 
spheres. The view of the asymmetric part of the crystal structure and 
atom-numbering are presented in Fig. 1. 
 
3.1. Geometry of phthalimide anions 

   The molecular geometric data are presented in Table 1. The length of the C=O 
bonds in each of the phthalimide anions are very similar (1.221 – 1.232 Å), except 
in the case of the C12=O12 bond, where the oxygen atom is not involved in the 
coordination to metal cation, a slight increase is observed (1.246 Å). The analysis 
of the C–N bond lengths in the anions showed a good agreement with the mean 
value (1.38 Å) (Allen, 2002). 
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   While the N-atoms of the four anions coordinate the Cu(II) cation, the 
O-atoms are bonded to the Na cations. As a result, each anion has a different 
coordination to metallic centers. They are schematically shown in Table 2. 
 
 
 

 
Figure 1: Atom-numbering scheme of the asymmetric part of the crystal 
structure 
 
 
 

Table 1: Selected bond lengths in the phthalimide anions (Å). 

Bond  Distance Bond Distance 
C11–O11 1.225(4) C11–N1 1.382(5) 
C12–O12 1.246(5) C12–N1 1.363(5) 
C21–O21 1.221(5) C21–N2 1.373(6) 
C22–O22 1.223(5) C22–N2 1.366(5) 
C31–O31 1.219(5) C31–N3 1.380(5) 
C32–O32 1.232(5) C32–N3 1.371(6) 
C41–O41 1.230(5) C41–N4 1.376(4) 
C42–O42 1.232(5) C42–N4 1.379(6) 
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Table 2: Oxygen atoms coordination scheme 

N

Cu(II)

O X1 O X2

Anion no.  
(X) 

 OX1   OX2  Ligand  
coordination type 

1 Na1← O11   O12  monodentate 
2  O21  Na2← O22 →Na2 bidentate bridging 
3 Na1← O31   O32 →Na2 bidentate 
4 Na1← O41 →Na1  O42 →Na2 tridentate bridging 

 
 
3.2. Coordination sphere of copper ion 

   The copper(II) cations are surrounded by four anionic ligands (Fig. 2a), and 
the CuN4 coordination sphere is formed by four N atoms from the deprotonated 
phthalimide NH groups. The Cu–N bond lengths are equal within the 
experimental error (Table 3). The oxidation state of the Cu(II) cation was 
confirmed by the bond valence sum (Browning et al., 1995; Shields et al., 2000; 
Brown, 2009). The tetrahedron around the tetra-coordinated Cu(II) is flattened 
(Fig. 2b); the N–Cu–N valence angle values differ significantly from the expected 
value of 109˚ or 90˚ for tetrahedron or square, respectively. Probably, the size of 
the phthalimide molecule and a specific arrangement of the accompanying sodium 
ions prevent the attachment of a larger number of ligands. 

(a)  (b) 

Cu

N1 N2

N3 N4

92.2(2)º 

94.0(2)

96.5(2) 92.3(1)º 

º 

º

 
Figure 2: Perspective view of the coordination sphere of Cu(II) (a), and bond 
angles around cation (b) 
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Table 3: Selected bond lengths in the Cu and Na cation coordination spheres (Å). 

Bond  Distance Bond  Distance 
Cu—N1 1.981(4) Cu—N2 1.978(4) 
Cu—N3 1.967(4) Cu—N4 1.985(4) 

Na2—O22 2.366(4) Na1—O11 2.263(4) 
Na2—O22 a 2.384(4) Na1—O31 2.319(4) 
Na2—O32 2.325(4) Na1—O41 2.336(4) 
Na2—O42 2.322(4) Na1—O41 b 2.453(4) 
Na2—O2P 2.297(4) Na1—O1P 2.251(4) 
Na2—O1W 2.726(6)   
Na2...Na2 a  3.560(4) Na1...Na1 b 3.296(3) 

a –x+1, –y+1, –z+1; b –x, –y, –z 

 

3.3. Coordination environment of sodium ions 

   In the presented crystal structure there are two symmetrically independent Na 
cations. The coordination environment around the Na1 ion is a square pyramid 
with coordination number of 5 (NaO5). The Na1 cation binds to four phthalimide 
anions and one propanol molecule (Fig. 3), while the Na2 ion additionally 
coordinates one molecule of water supplementing its coordination number to six 
(NaO6) (Fig. 3), it results in the formation of a very distorted octahedron (Table 
4). 

   

Figure 3: A perspective view of coordination sphere of Na1 (left) and Na2 
(right) cations 
 
   The Na–O distances to the phthalimide anions within the coordination spheres 
are in the range 2.263 – 2.453 Å, while the Na–Opropanol distances are the shortest 
(2.292, 2.251 Å) and the Na–Owater is the longest one (2.726 Å) (Table 3). Both 
coordination polyhedra around the Na cations – square pyramid and octahedron –  
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are distorted, as indicated by the values of the valence angles (Table 4). 
 

Table 4: Valence angles [°] within the coordination sphere of Na1 and Na2 
cations 

O–Na1–O angle  O–Na1–O angle  
O1P–Na1–O41a 83.6(2) O11–Na1–O41 95.6(2) 
O11–Na1–O41a 95.7(2) O1P–Na1–O41 99.2(2) 
O31–Na1–O41a 160.5(1) O1P–Na1–O31 83.4(2) 
O41a–Na1–O41 93.0(1) O31–Na1–O41 103.3(2) 
O11–Na1–O31 89.7(1) O1P–Na1–O11 153.9(2) 
O–Na2–O angle  O–Na2–O angle  
O2P–Na2–O22 b 85.6(2) O2P–Na2–O1W 76.5(2) 
O32–Na2–O22 b 95.5(1) O32–Na2–O1W 172.7(2) 
O22–Na2–O22 b 82.9(1) O2P–Na2–O22 139.3(2) 
O22–Na2–O1W b 80.9(2) O42–Na2–O1W 92.4(2) 
O22–Na2–O1W 63.2(2) O42–Na2–O22 b 173.1(1) 
O32–Na2–O22 110.1(2) O42–Na2–O32 90.8(2) 
O2P–Na2–O32 109.7(2) O2P–Na2–O42 95.0(2) 
O42–Na2–O22 173.04(1)   

a -x+1, -y+1, -z+1; b –x, -y, -z 
 
   The coordination spheres of both sodium ions are transformed around the 
centers of symmetry located at 0,0,0, and ½,½,½. The polyhedra are linked by the 
bridging phthalimide oxygen atoms (O41 and O22) forming a dimer of square 
pyramids and a dimer of octahedra, for Na1 and Na2, respectively (Fig. 4). Thus, 
the coordination polyhedra share the common edges, O41---O42a for Na1 and 
O22---O22b for Na2, respectively.  
 

       
 
Figure 4: View of the dimers of coordination polyhedra around the Na1 (left) 
and Na2 (right) cations 
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3.4. The structure of the coordination polymer 

   In the crystal structure of the analyzed complex, the copper and sodium 
coordination spheres are bridged by the imide fragments of the anions, while the 
water and 1-propanol molecules are pendants to the main chain. Thus, the 
resulting structure is the polymeric chain of the alternating coordination units 
discussed above: ....Cu…(Na2..Na2)…Cu…(Na1Na1)…Cu…(Na2Na2)…Cu.... 
(Fig. 5). The main crystal packing motif is the parallel alignment of polymeric 
columns running along the crystallographic direction [111].  
   The external part of these columns is hydrophobic and, between the adjacent 
units, the π…π contacts are observed with the C…C distances of ca. 3.5 Å. The 
hydrophobic molecular fragments are the aromatic rings of phthalimide and alkyl 
chains of propanol molecules which are oriented outside the coordination centers.  
 
(a)  

 
(b)  

(c)   

 
 
 
Figure 5: Polymer of the coordination spheres running along the [111] 
direction: (a) parallel view, (b) top view, and (c) alignment of coordination 
polyhedra of Cu and Na cations 
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   The crystal structure is stabilized by the O–H…O hydrogen bonds formed 
between the water and propanol molecules within the polymeric unit. In this 
system, the donors are oxygen atoms of water and propanol molecules, which are 
simultaneously coordinated by sodium ions. The acceptors are oxygen atoms of 
imide group, that do not participate in the coordination of the cation (Table 5). 
The short O...O distances (less than the sum of van der Waals radii, viz. 3.04 Å) 
indicate relatively strong interactions. 
 
 
Table 5: Proposed hydrogen bond geometry (water hydrogen atom positions not 

determined) 
D−H…A D−H [Å] D…A [Å] H...A [Å] < D−H…A [°] 

O1P−H1P...O21a 0.90 2.678(5) 1.80 165 
O2P−H2P...O12b 1.15 2.768(5) 1.70 153 
O1W−H...O12  2.518(7)   

a - 1+x, -1 + y, -1 + z;  b - x, - y, - z 

 
 
3.5. IR spectroscopy 

 
The IR spectra of phthalimide and its heteronuclear complex are presented in 

Fig. 6. The vibration mode at 3408 cm-1 in the spectrum originates from O–H 
stretching and confirms the presence of propanol and water molecules in this 
complex structure. The broad band at 3204 cm-1 observed in the spectrum of 
phthalimide, assigned to the N–H stretching vibration, disappears in the spectrum 
of the complex confirming the deprotonation of the N imide atom.  

In the range of 3050–2850 cm-1 there is only one peak in the spectrum of 
phthalimide and there are observed multiple modes for the complex, 
corresponding to the C–H stretching vibrations from phthalimide anion and 
propanol hydrocarbon skeletons.  

The strong peaks in the range of 1724–1775 cm-1 assigned to the C=O 
symmetric and asymmetric stretching vibrations (Elkin et al., 2010) are red shifted 
upon coordination. The bands appearing at 1388 and 1308 cm-1 for phthalimide 
were designated to the C–N stretching vibrations. They are slightly blue shifted to 
1374 and 1307 cm-1 for the complex. Similar changes were observed for bromo 
substitution of phthalimide at the N imide atom (Krishnakumar et al., 2005). 
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Figure 6: Comparison of IR spectra of phthalimide and the title complex. 
 
 
   In summary, the synthesis, spectroscopic characterization and crystal structure 
of the first phthalimide coordination compound with the Cu(II) cation has been 
reported. The complex was synthesized by one of the green chemistry methods, 
i.e. an oxidative dissolution of zero valent metal powder in the presence of NaH. 
The stable solid complex has a polymeric structure with alternating coordination 
units of Cu(II) and Na cations: /CuN4/(NaO5)2/CuN4/(NaO6)2/CuN4/(NaO5)2/... 
The Na coordination polyhedra share the oxygen atoms of the phthalimide anions, 
while the N-atoms coordinate the Cu cation solely. The resulting columns of the 
polymeric complex are arranged in a parallel mode forming a pseudo-hexagonal 
structure.  
 
 
References 
 
[1] F.H. Allen, The Cambridge Structural Database: a quarter of a million crystal 

structures and rising, Acta Crystallogr., B58 (2002), 380–388. 
 



84                     A. Sawczenko, B. Miroslaw, T. Lis and A. E. Koziol 
 
 

[2] S.W.A. Bligh, N.P. Chatterton, N.J. Wardle, J.L. Sarris, G. Chen, 
Luminescent compounds, complexes and their uses. Patent WO/2012/ 140437, 
2012. 
 

[3] I.D. Brown, Recent developments in the methods and applications of the bond 
valence model, Chem. Rev., 109 (2009), 6858–6919. 
 

[4] K. Browning, K.A. Abboud, G.J. Palenik, Sodium hydrogen dipicolinate 
dipicolinic acid trihydrate: Synthesis, structure, and valence bond sums, J. 
Chem. Crystallogr., 25 (1995), 851–855. 
 

[5] W. Cross, R. Nemitz, A. Kroos, Phthalimides as bleach activators, Patent US 
2012/0246841, 2012. 
 

[6] J.L. Dos Santos, C. Chung Man, L. Moreira Lima, F. Ferreira Costa, C. 
Lanaro, Use of phthalimide and/or sulphonamide derivatives in the treatment 
of diseases which require reducing the TNF-alpha levels and an exogenous 
source of nitric oxide, phthalimide derivatives, sulphonamide derivatives, and 
a method for obtaining a sulphonamide derivatives. Patent US 2012.0245364, 
2012. 
 

[7] M.D. Elkin, T.A. Shalnova, A.P. Smirnov, Spectral manifestation of 
intermolecular interaction in phthalimide and isatin dimers, J. Appl. 
Spectrosc., 77 (2010), 22–27. 
 

[8] A.D. Garnovskii, B.I. Kharisov, Direct synthesis of coordination and 
organometallic compounds, Elsevier, Amsterdam, 1999. 
 

[9] M.S. Gibson, R.W. Bradshaw, The Gabriel synthesis of primary amines, 
Angew. Chem. Int. Ed. Engl., 7 (1968), 919–930. 
 

[10] A.M. Hassan, M.E. Thompson, Organic electronic devices using phthalimide 
compounds, Patent US 2013/0025684, 2013. 
 

[11] M.K. Hargreaves, J.G. Pritchard, H.R. Dave, Cyclic carboxylic monoimides, 
Chem. Rev., 70 (1970), 439–469. 
 

[12] N. Ichieda, T. Kamimura, S. Yamaguchi, Y. Funahashi, T. Ozawa, K. 
Jitsukawa, H. Masuda, Novel porous 3D network structure formed by 
self-assembly of tetrakis(phthalimide) palladium(II) complex, Adv. Materials 
Res., 11 (2006), 473–476. 
 

[13] R. Klipper, S. Neumann, J. Stoll, M. Schelhaas, P. Vanhoorne, Method for 
improved removal of cations using chelate resins, Patent EP 2305382, 2011. 



Direct synthesis of novel polymeric bimetallic phthalimide complex        85 
 
 

 
[14] V. Krishnakumar, V. Balachandran, T. Chithambarathanu, Density 

functional theory study of the FT-IR spectra of phthalimide and 
N-bromophthalimide, Spectrochim. Acta, A62 (2005), 918–925. 
 

[15] G. Maatz, H. Ritter, Transparent hydrophilic materials containing covalently 
attached phthalimide azo dyes, Macromol. Chem. Phys., 213 (2012), 
1569–1574. 
 

[16] B. Malawska, A. Scatturin, Application of pharmacophore models for the 
design and synthesis of new anticonvulsant drugs, Mini-Rev. Med. Chem., 3 
(2003), 341–348. 
 

[17] M.A. Mendez-Rojas, B.I. Kharisov, Direct synthesis in the Undergraduate 
Laboratory: synthesis of copper complexes from zero-valent metals as a 
demonstration of base-catalyzed direct synthesis, The Chemical Educator, 4 
(1999), 131–133. 
 

[18] C. Pessoa, P.M.P. Ferreira, L.V.C. Lotufo, M.O. de Moraes, S.M.T. 
Cavalcanti, L.C.D. Coelho, M.Z. Hernandes, A.C.L. Leite, C.A. De Simone, 
V.M.A. Costa, V.M.O. Souza, Discovery of phthalimides as 
immunomodulatory and antitumor drug prototypes, ChemMedChem, 5 (2010), 
523–528. 
 

[19] L. Ponikiewski, W. Shi, A. Rothenberger, Synthesis and structures of 
metallated N-heterocyclic derivatives, Z. Anorg. Allgem. Chem., 634 (2008), 
1770–1774. 
 

[20] A. Sabastiyan, M.Y. Suvaikin, Synthesis, characterization and antimicrobial 
activity of 2-(dimethylamino-methyl)isoindoline-1,3-dione and its cobalt(II) 
and nickel(II) complexes, Adv. Appl. Sci. Res., 3 (2012), 45–50. 
 

[21] N. Savjani, S.J. Lancaster, S. Bew, D.L. Hughes, M. Bochmann, Synthesis 
and structures of gold perfluorophthalimido complexes, Dalton Transactions, 
40 (2011), 1079–1090. 
 

[22] S.E. Sen, S.L. Roach, A convenient two-step procedure for the synthesis of 
substituted allylic amines from allylic alcohols, Synthesis (1995), 756–758. 
 

[23] A.K. Singh, R. Kishan, N. Vijayan, V. Balachandran, T. Singh, H.K. Tiwari, 
B.K. Singh, B. Rathi, Entry of chiral phthalimides with significant second 
order nonlinear optical and piezoelectric properties, RSC Advances, 3 (2013), 
14750– 14756. 
 



86                     A. Sawczenko, B. Miroslaw, T. Lis and A. E. Koziol 
 
 

[24] G.M. Sheldrick, A short history of SHELX, Acta Crystallogr., A64 (2008), 
112–122. 
 

[25] G.P. Shields, P.R. Raithby, F.H. Allen, W.D.S. Motherwell, The assignment 
and validation of metal oxidation states in the Cambridge Structural Database, 
Acta Crystallogr., B56 (2000), 455–465. 
 

[26] T. Shimada, M. Kimura, K. Shiraki, M. Sato, Composition for wire coating 
material, insulated wire, and wiring harness. Patent US 2013/0161064, 2013. 
 

[27] M. Silverstein, G. Clyton Bassler, C. Morrill, Spectrometric identification of 
organic compounds, Wiley, New York, 1981. 
 

[28] E. Timothy, Small molecule naphthoquinone- and phthalimide-based 
lipocations as anti-parasits agents, Patent WO 2013/036766, 2013. 
 

[29] J.W. Tye, Z. Weng, A.M. Johns, C.D. Incarvito, J.F. Hartwig, Copper 
complexes of anionic nitrogen ligands in the amidation and imidation of aryl 
halides, J. Am. Chem. Soc., 130 (2008), 9971–9978. 
 

[30] W.G. Verschueren, I. Dierynck, K.I.E. Amssoms, L. Hu, P.M.J.G. Boonants, 
G.M.E. Pille, F.F.D. Daeyaert, K. Hertogs, D.L.N.G. Surleraux, P.B.T.P. 
Wigerinck, Design and optimization of tricyclic phthalimide analogues as 
novel inhibitors of HIV-1 integrase, J. Med. Chem., 48 (2005), 1930–1940. 

 
 
 
Received: April 3, 2014 
 

 


