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Abstract: The solid-state structure of 5,6,7,8-tetrahydro-1,4-di(2-pyridyl)phthalazine (6-

dppn) was characterized by X-ray diffraction and a crystallographic study was then 

conducted. It was found that 6-dppn exists in the trans/trans conformation. This ligand 

crystallizes in P21/c(14) space group with unit cell parameters of a = 9.698(2) Å, b = 

9.999(4) Å, c = 10.7268(3) Å, β = 92.890(6)
o
, Z = 8 and V = 2958.2(14) Å

3
. The non-

covalent interactions involved in the structure of 6-dppn were investigated and presented in 

terms of supramolecular chemistry and crystal engineering. 

Keywords: X-ray structure, Non-covalent interactions, Symmetry-independent molecules, 

6-dppn ligand. 

Introduction 

The tetranitorgenated 3,6-bis(2-pyridyl) 

pyridazine ligands and their derivatives have 

attracted considerable attention for their π-

acceptor and supramolecular properties
[1]

. 

Recently, their complexes with ruthenium(II)
[2]

, 

rhodium(III)
[3]

, palladium(II) and platinum(II)
[4]

 

have been reported. The ligand 5,6,7,8-

tetrahydro-1,4-di(2-pyridyl)phthalazine (6-

dppn) is among the ligands that have been 

investigated and has been reported to exist in 

three different conformations, as shown in 

Figure 1. 

However, high-resolution 
1
H-NMR spectral 

measurements supported the symmetric cis/cis or 

trans/trans conformations
[4,5]

. Previously, we 

have reported the analysis and crystal structure 

of the 6,7-dihydro-1,4-di(2-pyridyl)-5H-cyclo-

penta[d]pyridazine ligand (5-dppn)
[1]

 and N,N-

(bis(pyridin-2-yl)formylidene)ethane-1,2-di-

amine
[6]

. In continuation to our earlier study, we 

report here the analysis and crystal structure of the 

ligand 5,6,7,8-tetrahydro-1,4-di(2-pyridyl)phtha-

lazine (6-dppn).  
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Materials and Methods 

All solvents used were AR grade. The 6-dppn 

ligand was prepared according to the literature
[7]

 

and characterized by 
1
H NMR. It was 

recrystallized from cyclohexene at room 

temperature to give colorless prismatic crystals. 

Data Collection  

A colorless prism crystal of C18H16N4 having 

approximate dimensions of 0.80×0.70×0.60 mm 

was mounted on a glass fiber. All measurements 

were made on a Rigaku Saturn CCD area 

detector with graphite monochromatic Mo-K 

radiation. Indexing was performed from 360 

images that were exposed for 7 seconds. The 

crystal-to-detector distance was 40.08 mm. The 

data was collected at a temperature of -135 + 1 
o
C to a maximum 2 value of 61.5

o
. A total of 

780 oscillation images were collected. 

A sweep of data was done using  scans from       

-15.0 to 15.0
o
 in 0.5

o
 steps, at =0.0

o
 and  = 

0.0
o
. The exposure rate was 14.0 [sec/

o
]. The 

detector swing angle was 15.12
o
. A second 

sweep was performed using  scans from -75.0 

to 105.0
o
 in 0.5

o
 steps, at =45.0

o
 and  = 0.0

o
. 

The exposure rate was 14.0 [sec/
o
]. The detector 

swing angle was 15.12
o
. Another sweep was 

performed using  scans from -75.0 to 105.0
o
 in 

0.5
o
 steps, at =54.0

o
 and  = 180.0

o
. The 

exposure rate was 14.0 [sec/
o
]. The detector 

swing angle was 15.12
o
. Readout was performed 

in the 0.137 mm pixel mode.  

Data Reduction  

Of the 28638 reflections that were collected, 

6771 were unique (Rint = 0.0268); equivalent 

reflections were merged. Data was collected and 

processed using CrystalClear
[8]

. Net intensities 

and sigmas were derived as follows:  

F
2
 = [(Pi - m×Bave)] / Lp 

where Pi is the value in counts of the i
th
 pixel; m 

is the number of pixels in the integration area; 

Bave is the background average; Lp is the Lorentz 

and polarization factor. 

Bave = (Bj)/n 

where n is the number of pixels in the back-

ground area; Bj is the value of the j
th
 pixel in 

counts   


 (F

2
hkl)=[(Pi) + m(((Bave – Bj)

2
)/(n-1))].Lp 

The linear absorption coefficient, , for Mo-

K radiation is 0.80 cm
-1

. A numerical 

absorption correction was applied which resulted 

in transmission factors ranging from 0.9470 to 

0.9649. The data was corrected for Lorentz and 

polarization effects. A correction for secondary 

extinction
[9]

 was applied (coefficient = 

0.0044(6)).  

Structure Solution and Refinement  

The structure was solved by direct methods 
[10]

 and expanded using Fourier techniques
[11]

. 

The non-hydrogen atoms were refined 

anisotropically. Hydrogen atoms were refined 

using the riding model. The final cycle of full-

matrix least-squares refinement on F
2
 was based 

on 6771 observed reflections and 399 variable 

parameters and converged (largest parameter 

shift was 0.00 times its esd) with unweighted and 

weighted agreement factors of: 

R1=  ||Fo| - |Fc|| /  |Fo| = 0.0457 

wR2=[(w(Fo
2
 – Fc

2
)

2
)/w(Fo

2
)

2
]

1/2
 = 0.1097 

The standard deviation of an observation of 

unit weight was 1.12. Unit weights were used. 

The maximum and minimum peaks on the final 

difference Fourier map corresponded to 0.22 and 

-0.18 e-/Å
3
, respectively. Neutral atom scattering 

factors were taken from Cromer and Waber
[12]

. 

Anomalous dispersion effects were included in 

Fcalc
[13]

; the values for f' and f" were those of 

Creagh and McAuley
[14]

. The values for mass 

attenuation coefficients are those of Creagh and 

Hubbell
[15]

. All calculations were performed 

using the CrystalStructure 
[8, 16]

 crystallographic 

software package except for refinement, which 

was performed using SHELXL-97
 [10]

. 

Table 1 summarizes the crystallographic and 

refinement data for 5,6,7,8-tetrahydro-1,4-di(2-

pyridyl)phthalazine (6-dppn). 

Supplementary Material   

Crystallographic data (cif) has been deposited 

with the Cambridge Structural Data Centre 

(CCDC) with reference number 783311. See 

http://www.ccdc.cam.ac.uk/conts/retrieving.html 

for crystallographic data in cif or in another 

electronic format. Copies of the data can be 

obtained, free of charge, on application to 

CCDC, 12 Union Road, Cambridge CB2 1EZ, 

UK [email: deposit@ccdc.cam.ac.uk]; fax: +44‏-

1223-336033. 

Results and Discussion 
The 6-dppn ligand (Figure 1) was crystallized 

from cyclohexene to give a material that was 

suitable to be examined by the single crystal X-

ray technique. This ligand crystallizes in a 

monoclinic crystal system, space group P21/c(14) 
 

http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk
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Table 1. Crystallographic parameters for 5,6,7,8-tetrahydro-1,4-di(2-pyridyl)phthalazine (6-dppn).  

Crystal Data 
Empirical Formula C18H16N4 

Formula Weight 288.35 

Crystal Color, Habit colorless, prism 

Crystal Dimensions 0.80 × 0.70 × 0.60 mm 

Crystal System monoclinic 

Lattice Type primitive 

Detector Position 40.08 mm 

Pixel Size 0.137 mm 

Lattice Parameters a = 9.698(2) Å  

 b = 9.999(4) Å  

 c = 30.547(7) Å  

  = 92.890(6)
o
   

 V = 2958.2(14) Å
3  

Space Group P2l/c (#14) 

Z value 8 

Dcalc 1.295 g/cm
3
 

F000 1216 

(MoK) 0.80 cm
-1

  

Detector Aperture 70 mm × 70 mm 

Data Images 780 exposures 

Pixel Size 0.068 mm 

2max 61.5
o
 

No. of Reflections Measured Total: 28638   

 Unique: 6771 (Rint = 0.0268) 

Corrections Lorentz-polarization   

 Secondary Extinction   

 (coefficient: 0.0044(6))  

 Absorption   

 (trans. factors: 0.9470 - 0.9649)  

Structure Solution and Refinement   

Structure Solution Direct Methods (SHELX97) 

Refinement Full-matrix least-squares on F
2
 

Function Minimized  w(Fo
2
- Fc

2
)

2
  

Least Squares Weights w = 1/[
2
 (Fo

2
) + (0.0423. P)

2
]+ 0.8791. P]   

 where P = (Max(Fo
2
,0) + 2 Fc

2
)/3 

2max cutoff 55.0
o
 

Anomalous Dispersion All non-hydrogen atoms 

No. of Observations (All reflections) 6771 

No. of Variables 399 

Reflection/Parameter Ratio 16.97 

Residuals: R1 (I>2.00(I)) 0.0457 

Residuals: R (All reflections) 0.0487 

Residuals: wR2 (All reflections) 0.1097 

Goodness of Fit Indicator 1.123 

Max. Shift/Error in Final Cycle 0.000 

Maximum peak in Final Diff. Map 0.22 e-/Å
3
 

Minimum peak in Final Diff. Map -0.18 e-/Å
3
   

 

with unit cell parameters of a = 9.698(2) Å, b = 

9.999(4) Å, c = 10.7268(3) Å, β = 92.890(6)
o
, Z 

= 8 and V = 2958.2(14) Å
3
. Bernstein et al.

[17]
 

conducted a survey and reported that high-Z 

structures have been described as “snapshot 

pictures” and also as “fossil relics” of early 

stages in crystallization. Such description has a 

certain charm. 

Crystal Structure of 6-dppn  

One asymmetric unit consists of two 

independent molecules of 6-dppn opposite to 

each other. An ORTEP drawing of the 6-dppn 
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ligand is illustrated in Figure 2. Bond lengths 

and angles existing in the molecular structure of 

5,6,7,8-tetrahydro-1,4-di(2-pyridyl)phthalazine 

(6-dppn) are listed in Table 2(a-d) for both cyclic 

and acyclic bonds. However, our main interest 

was to see how atoms of one molecule are 

interacting with atoms of another molecule 

(chemistry beyond molecules or supramolecular 

interactions). The data clearly shows that ligand 

6-dppn exists in the trans/trans conformation. 

Careful analysis of 6-dppn crystal structure 

demonstrates the absence of the centrosymmetric 

edge-edge Ar-H….N dimer which was 

previously reported and observed in the solid 

state structure of 5-dppn.
[1]

 This is quite 

interesting, because it proves that a slight change 

in molecular structure of a given compound 

leads to a great change in its supramolecularity.   

 

Figure 2. ORTEP drawing of the 6-dppn ligand along with the atomic labeling scheme, showing 50% 

probability ellipsoids with atomic labels. H atoms are drawn as small spheres of arbitrary radius.  

 

Table 2a. Bond lengths (Å) in the molecular structure of 6-dppn. 

atom atom distance  atom atom distance 

N(1) C(1) 1.3393(17)  N(1) C(5) 1.3453(17) 

N(2) N(3) 1.3391(13)  N(2) C(6) 1.3372(15) 

N(3) C(13)  1.3320(15)  N(4) C(14) 1.3389(16) 

N(4) C(18) 1.3414(19)  N(5) C(19) 1.3412(19) 

N(5) C(23) 1.3442(17)  N(6) N(7) 1.3424(16) 

N(6) C(24) 1.3365(16)  N(7) C(31) 1.3334(17) 

N(8) C(32) 1.3387(17)  N(8) C(36) 1.3402(18) 

C(1) C(2) 1.379(2)  C(2) C(3) 1.383(2) 

C(3) C(4) 1.3822(19)  C(4) C(5) 1.3949(18) 

C(5) C(6) 1.4909(17)  C(6) C(7) 1.4132(16) 

C(7) C(8) 1.5156(17)  C(7) C(12) 1.3905(17) 

C(8) C(9) 1.5212(19)  C(9) C(10) 1.5215(17) 

C(10) C(11) 1.5269(18)  C(11) C(12) 1.5106(17) 

C(12) C(13) 1.4090(17)  C(13) C(14) 1.4913(17) 

C(14) C(15) 1.3920(17)  C(15) C(16) 1.3856(19) 

C(16) C(17) 1.384(2)  C(17) C(18) 1.3790(19) 

C(19) C(20) 1.384(2)  C(20) C(21) 1.382(2) 

C(21) C(22) 1.3840(18)  C(22) C(23) 1.3925(17) 

C(23) C(24) 1.4944(17)  C(24) C(25) 1.4134(17) 

C(25) C(26) 1.5092(17)  C(25) C(30) 1.3881(17) 

C(26) C(27) 1.5275(19)  C(27) C(28) 1.517(2) 

C(28) C(29) 1.5241(19)  C(29) C(30) 1.5157(18) 

C(30) C(31) 1.4160(17)  C(31) C(32) 1.4896(17) 

C(32) C(33) 1.3922(18)  C(33) C(34) 1.3827(19) 

C(34) C(35) 1.383(2)  C(35) C(36) 1.380(2) 
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Table 2b. Bond lengths involving hydrogens (Å) in the molecular structure of 6-dppn. 

atom atom distance  atom atom distance 

C(1) H(1) 0.950  C(2) H(2) 0.950  

C(3) H(3) 0.950  C(4) H(4) 0.950  

C(8) H(5) 0.990  C(8) H(6) 0.990  

C(9) H(7) 0.990  C(9) H(8) 0.990  

C(10) H(9) 0.990  C(10) H(10) 0.990  

C(11) H(11) 0.990  C(11) H(12) 0.990  

C(15) H(13) 0.950  C(16) H(14) 0.950  

C(17) H(15) 0.950  C(18) H(16) 0.950  

C(19) H(17) 0.950  C(20) H(18) 0.950  

C(21) H(19) 0.950  C(22) H(20) 0.950  

C(26) H(21) 0.990  C(26) H(22) 0.990  

C(27) H(23) 0.990  C(27) H(24) 0.990  

C(28) H(25) 0.990  C(28) H(26) 0.990  

C(29) H(27) 0.990  C(29) H(28) 0.990  

C(33) H(29) 0.950  C(34) H(30) 0.950  

C(35) H(31) 0.950  C(36) H(32) 0.950  

Table 2c. Bond angles (
o
) in the molecular structure of 6-dppn. 

atom   atom atom angle  atom atom atom angle 

C(1)   N(1) C(5) 116.96(11)  N(3) N(2) C(6) 119.80(10) 

N(2)   N(3) C(13) 119.49(10)  C(14) N(4) C(18) 117.42(11) 

C(19)   N(5) C(23) 116.41(12)  N(7) N(6) C(24) 119.79(11) 

N(6)   N(7) C(31) 119.89(10)  C(32) N(8) C(36) 117.30(12) 

N(1)   C(1) C(2) 124.28(12)  C(1) C(2) C(3) 118.08(12) 

C(2)   C(3) C(4) 119.30(13)  C(3) C(4) C(5) 118.58(12) 

N(1)   C(5) C(4) 122.81(11)  N(1) C(5) C(6) 117.92(10) 

C(4)   C(5) C(6) 119.25(11)  N(2) C(6) C(5) 112.20(10) 

N(2)   C(6) C(7) 123.49(11)  C(5) C(6) C(7) 124.31(11) 

C(6)   C(7) C(8) 122.08(10)  C(6) C(7) C(12) 116.44(11) 

C(8)   C(7) C(12) 121.47(10)  C(7) C(8) C(9) 113.03(10) 

C(8)   C(9) C(10) 110.54(10)  C(9) C(10) C(11) 109.27(10) 

C(10)   C(11) C(12) 112.45(10)  C(7) C(12) C(11) 122.05(10) 

C(7)   C(12) C(13) 116.99(10)  C(11) C(12) C(13) 120.96(10) 

N(3)   C(13) C(12) 123.70(10)  N(3) C(13) C(14) 113.19(10) 

C(12)   C(13) C(14) 123.06(10)  N(4) C(14) C(13) 115.88(10) 

N(4)   C(14) C(15) 123.00(11)  C(13) C(14) C(15) 121.00(11) 

C(14)   C(15) C(16) 118.37(12)  C(15) C(16) C(17) 119.20(11) 

C(16)   C(17) C(18) 118.38(12)  N(4) C(18) C(17) 123.63(13) 

N(5)   C(19) C(20) 124.30(13)  C(19) C(20) C(21) 118.40(13) 

C(20)   C(21) C(22) 118.79(12)  C(21) C(22) C(23) 118.76(12) 

N(5)   C(23) C(22) 123.34(11)  N(5) C(23) C(24) 117.81(11) 

C(22)   C(23) C(24) 118.78(11)  N(6) C(24) C(23) 112.46(11) 

N(6)   C(24) C(25) 123.13(11)  C(23) C(24) C(25) 124.38(11) 

C(24)   C(25) C(26) 120.59(10)  C(24) C(25) C(30) 117.12(11) 

C(26)   C(25) C(30) 122.21(11)  C(25) C(26) C(27) 112.88(10) 

C(26)   C(27) C(28) 110.46(11)  C(27) C(28) C(29) 109.93(11) 

C(28)   C(29) C(30) 112.07(10)  C(25) C(30) C(29) 121.69(11) 

C(25)   C(30) C(31) 116.80(11)  C(29) C(30) C(31) 121.43(11) 

N(7)   C(31) C(30) 123.25(11)  N(7) C(31) C(32) 113.55(10) 

C(30)   C(31) C(32) 123.15(11)  N(8) C(32) C(31) 117.03(11) 

N(8)   C(32) C(33) 122.62(11)  C(31) C(32) C(33) 120.34(11) 

C(32)   C(33) C(34) 118.84(11)  C(33) C(34) C(35) 119.01(13) 

C(34)   C(35) C(36) 118.15(13)  N(8) C(36) C(35) 123.95(14)      
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Table 2d. Bond angles involving hydrogens (
o
) and existing in the molecular structure of 6-dppn.  

atom   atom atom angle  atom atom atom angle 

N(1)   C(1) H(1) 117.9  C(2) C(1) H(1) 117.9 

C(1)   C(2) H(2) 121.0  C(3) C(2) H(2) 121.0 

C(2)   C(3) H(3) 120.3  C(4) C(3) H(3) 120.4 

C(3)   C(4) H(4) 120.7  C(5) C(4) H(4) 120.7 

C(7)   C(8) H(5) 109.0  C(7) C(8) H(6) 109.0 

C(9)   C(8) H(5) 109.0  C(9) C(8) H(6) 109.0 

H(5)   C(8) H(6) 107.8  C(8) C(9) H(7) 109.5 

C(8)   C(9) H(8) 109.5  C(10) C(9) H(7) 109.5 

C(10)   C(9) H(8) 109.5  H(7) C(9) H(8) 108.1 

C(9)   C(10) H(9) 109.8  C(9) C(10) H(10) 109.8 

C(11)   C(10) H(9) 109.8  C(11) C(10) H(10) 109.8 

H(9)   C(10) H(10) 108.3  C(10) C(11) H(11) 109.1 

C(10)   C(11) H(12) 109.1  C(12) C(11) H(11) 109.1 

C(12)   C(11) H(12) 109.1  H(11) C(11) H(12) 107.8 

C(14)   C(15) H(13) 120.8  C(16) C(15) H(13) 120.8 

C(15)    C(16) H(14) 120.4  C(17) C(16) H(14) 120.4 

C(16)   C(17) H(15) 120.8  C(18) C(17) H(15) 120.8 

N(4)   C(18) H(16) 118.2  C(17) C(18) H(16) 118.2 

N(5)   C(19) H(17) 117.9  C(20) C(19) H(17) 117.8 

C(19)   C(20) H(18) 120.8  C(21) C(20) H(18) 120.8 

C(20)   C(21) H(19) 120.6  C(22) C(21) H(19) 120.6 

C(21)   C(22) H(20) 120.6  C(23) C(22) H(20) 120.6 

C(25)   C(26) H(21) 109.0  C(25) C(26) H(22) 109.0 

C(27)   C(26) H(21) 109.0  C(27) C(26) H(22) 109.0 

H(21)   C(26) H(22) 107.8  C(26) C(27) H(23) 109.6 

C(26)   C(27) H(24) 109.5  C(28) C(27) H(23) 109.6 

C(28)   C(27) H(24) 109.6  H(23) C(27) H(24) 108.1 

C(27)   C(28) H(25) 109.7  C(27) C(28) H(26) 109.7 

C(29)   C(28) H(25) 109.7  C(29) C(28) H(26) 109.7 

H(25)   C(28) H(26) 108.2  C(28) C(29) H(27) 109.2 

C(28)   C(29) H(28) 109.2  C(30) C(29) H(27) 109.2 

C(30)   C(29) H(28) 109.2  H(27) C(29) H(28) 107.9 

C(32)   C(33) H(29) 120.6  C(34) C(33) H(29) 120.6 

C(33)   C(34) H(30) 120.5  C(35) C(34) H(30) 120.5 

C(34)   C(35) H(31) 120.9  C(36) C(35) H(31) 120.9 

N(8)   C(36) H(32) 118.0  C(35) C(36) H(32) 118.0   

 
Figure 3. Two molecules in the unit cell interacting through N…H with bond distances of 2.96, 2.58 and 

2.81 Å. 



Crystallographic Study on the Crystal Structure of 5,6,7,8-Tetrahydro-1,4-di (2-pyridyl) Phthalazine.  

 

 

48 

During self-assembly, varieties of different 

weak interactions are possible and compete with 

each other to produce the crystal structure of best 

fit. Although it is possible to analyze and 

understand each resultant structure in crystal 

engineering terms, it is not usually possible to 

predict beforehand what this will be. Two 

molecules in the unit cell are approaching each 

other through different N…H interactions with 

bond distances of 2.96, 2.58 and 2.81 Å (Figure 

3). In addition, Nitrogen…Nitrogen interactions 

were also observed between molecules with 

same symmetry with actual distances of 3.94 Å 

(Figure 4). Furthermore, aromatic hydrogen 

(H20) of one independent molecule interacts 

with N2 and N3 of another independent 

molecule with bond distances of 2.61 and 2.51 Å 

(Figure 5). 

 

Figure 4. N…N interactions present between molecules with same symmetry.  

 

Figure 5. Nitrogen-hydrogen interactions present between molecules with different symmetries.  
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Conclusions 

Solid-state structure of 6-dppn was 

determined by X-ray diffraction technique. Its 

crystal structure is among the crystal structures 

with two symmetry-independent molecules in 

the unit cell. In addition, it indicates that ligand 

6-dppn exists in the trans/trans conformation. 

Unlike ligand 5-dppn
[1]

, ligand 6-dppn lacks the 

presence of symmetrical edge-edge Ar-N…H 

dimer that was reported previously. Instead, it 

adopted different supramolecular motifs, such as 

Ar-N…H and N…N interactions. 
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