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Recently, we reported the first monoclinic [Kuai & Cheng

(2011). Acta Cryst., E67, o2787] and the orthorhombic

polymorph [Kuai & Cheng (2011). Acta Cryst., E67, o3014]

of the title compound, C15H12N2O2. Another monoclinic

polymorph was obtained accidentally by the hydrothermal

reaction of the title compound with manganese chloride in the

presence of potassium hydroxide at 413 K. The asymmetric

unit consists of four independent molecules. In the crystal,

O—H� � �N hydrogen bonds link the independent molecules

into four separate chains parallel to the b axis.

Related literature

For the synthesis of 4-((1H-benzo[d]imidazol-1-yl)methyl)-

benzoic acid, see: Hua et al. (2010). For two other polymorphs

of the title compound, see: Kuai & Cheng (2011a,b). For

related structures, see Das & Bharadwaj (2009).

Experimental

Crystal data

C15H12N2O2

Mr = 252.27
Monoclinic, P21=c

a = 16.704 (3) Å
b = 19.860 (3) Å
c = 15.343 (3) Å

� = 102.007 (3)�

V = 4978.5 (14) Å3

Z = 16
Mo K� radiation

� = 0.09 mm�1

T = 293 K
0.20 � 0.20 � 0.18 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.982, Tmax = 0.984

25186 measured reflections
8754 independent reflections
3074 reflections with I > 2�(I)
Rint = 0.069

Refinement

R[F 2 > 2�(F 2)] = 0.055
wR(F 2) = 0.094
S = 0.88
8754 reflections

613 parameters
H-atom parameters constrained
��max = 0.53 e Å�3

��min = �0.48 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1—H12� � �N12i 0.82 1.92 2.693 (4) 157
O3—H24� � �N111ii 0.82 1.85 2.613 (4) 154
O5—H36� � �N211ii 0.82 1.92 2.711 (4) 162
O7—H48� � �N311iii 0.82 1.84 2.628 (4) 160

Symmetry codes: (i) �xþ 2; y� 1
2;�z þ 1

2; (ii) �xþ 1; yþ 1
2;�zþ 1

2; (iii)
�x; y � 1

2;�zþ 1
2.

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT

(Bruker, 2008); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008); molecular graphics:

DIAMOND (Brandenburg, 2000); software used to prepare material

for publication: SHELXTL (Sheldrick, 2008).
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Supplementary data and figures for this paper are available from the
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Second monoclinic polymorph of 4-[(1H-benzimidazol-1-yl)methyl]benzoic 

acid

Hai-Wei Kuai and Xiao-Chun Cheng

S1. Comment 

The title compound, C15H12N2O2 (I), is usually regarded as an excellent candidate for building block in molecular self-

assembly engineering due to its variable conformation and coordination modes (Das & Bharadwaj, 2009). During 

assembly of a coordination polymer, we accidentally obtained three polymorphs of (I), which can be proved by different 

unit-cell parameters and space groups. Here, we are introducing one of them. The single crystals of title compound were 

accidentally obtained by the hydrothermal reaction of the title compound with manganese chloride and 4,4′-bipyridine as 

an auxiliary ligand in the presence of potassium hydroxide at 413 K. In the crystal structure, the asymmetric unit consists 

of four independent molecules (Fig. 1). Hydrogen bonds link every kind of molecules in four separate chains parallel to b 

axis.(Fig 2).

S2. Experimental 

Reaction mixture of MnCl2 (21.5 mg, 0.1 mmol), 4-((1H-benzo[d]imidazol-1-yl)methyl)benzoic acid (25.2 mg, 0.1 

mmol), 4,4′-bipyridine (15.6 mg, 0.1 mmol) and KOH (5.61 mg, 0.1 mmol) in 10 ml H2O was sealed in a 16 ml Teflon-

lined stainless steel container and heated to 413 K for 3 days. After cooling to the room temperature, colorless block 

crystals of the title compound were obtained.

S3. Refinement 

All hydrogen atoms were located in geometrically idealized positions and constrained to ride on their parent atoms, with 

C—H = 0.93–0.97, O—H = 0.82 Å and Uiso(H) = 1.2Ueq(C, O).
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Figure 1

The crystal structure of the title compound showing 30% probability displacement ellipsoids. 

Figure 2

The packing diagram of the title compound. Hydrogen bonds are shown as dashed lines. 

4-[(1H-benzimidazol-1-yl)methyl]benzoic acid 

Crystal data 

C15H12N2O2

Mr = 252.27
Monoclinic, P21/c
Hall symbol: -P 2ybc
a = 16.704 (3) Å
b = 19.860 (3) Å

c = 15.343 (3) Å
β = 102.007 (3)°
V = 4978.5 (14) Å3

Z = 16
F(000) = 2112
Dx = 1.346 Mg m−3
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Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 1589 reflections
θ = 2.4–19.7°
µ = 0.09 mm−1

T = 293 K
Block, colorless
0.20 × 0.20 × 0.18 mm

Data collection 

Bruker SMART APEX CCD area-detector 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
phi and ω scans
Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996)
Tmin = 0.982, Tmax = 0.984

25186 measured reflections
8754 independent reflections
3074 reflections with I > 2σ(I)
Rint = 0.069
θmax = 25.0°, θmin = 1.6°
h = −19→19
k = −23→17
l = −18→18

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.055
wR(F2) = 0.094
S = 0.88
8754 reflections
613 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0117P)2] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.53 e Å−3

Δρmin = −0.48 e Å−3

Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes.
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, 
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > σ(F2) is used 
only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

C1 0.9568 (2) 0.46606 (18) 0.3895 (2) 0.0422 (10)
C2 0.9324 (2) 0.40495 (19) 0.4173 (2) 0.0582 (11)
H1 0.8848 0.4019 0.4396 0.070*
C5 1.0746 (2) 0.41250 (18) 0.3554 (2) 0.0550 (11)
H3 1.1235 0.4158 0.3358 0.066*
C6 1.0285 (2) 0.46969 (17) 0.3603 (2) 0.0497 (11)
H4 1.0466 0.5111 0.3436 0.060*
C341 −0.0552 (3) 0.3116 (2) 0.1259 (3) 0.067
C11 0.9042 (2) 0.52842 (17) 0.3903 (2) 0.0550 (11)
H6 0.8563 0.5167 0.4137 0.066*
H5 0.9350 0.5620 0.4294 0.066*
O6 0.51053 (18) 0.49299 (14) 0.3762 (2) 0.108
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C12 0.9020 (2) 0.61560 (18) 0.2701 (3) 0.0561 (11)
H7 0.9355 0.6462 0.3064 0.067*
C13 0.8267 (2) 0.56961 (17) 0.1573 (3) 0.0455 (10)
C14 0.8284 (2) 0.52585 (18) 0.2284 (2) 0.0409 (10)
C15 0.7865 (2) 0.46591 (18) 0.2207 (3) 0.0552 (11)
H8 0.7880 0.4375 0.2692 0.066*
C16 0.7424 (2) 0.4502 (2) 0.1374 (3) 0.0706 (14)
H9 0.7135 0.4099 0.1291 0.085*
C17 0.7397 (2) 0.4925 (2) 0.0656 (3) 0.0705 (14)
H10 0.7088 0.4800 0.0104 0.085*
C18 0.7811 (2) 0.5524 (2) 0.0729 (3) 0.0586 (12)
H11 0.7790 0.5805 0.0240 0.070*
C204 0.4889 (2) 0.37571 (19) 0.3588 (2) 0.057
C101 0.5169 (2) 0.27039 (18) 0.0915 (2) 0.0426 (10)
C102 0.4449 (2) 0.27237 (17) 0.1208 (2) 0.0468 (10)
H13 0.4212 0.2323 0.1343 0.056*
C103 0.4066 (2) 0.33315 (18) 0.1309 (2) 0.0441 (10)
H14 0.3576 0.3336 0.1507 0.053*
C104 0.4415 (2) 0.39316 (17) 0.1113 (2) 0.0354 (9)
C105 0.5120 (2) 0.39092 (17) 0.0790 (2) 0.0469 (10)
H15 0.5350 0.4308 0.0641 0.056*
C106 0.5495 (2) 0.33045 (18) 0.0683 (2) 0.0503 (11)
H16 0.5968 0.3299 0.0453 0.060*
C111 0.5616 (2) 0.20400 (16) 0.0874 (2) 0.0528 (11)
H17 0.5246 0.1716 0.0530 0.063*
H18 0.6070 0.2109 0.0579 0.063*
C112 0.5606 (2) 0.12699 (17) 0.2176 (3) 0.0549 (11)
H19 0.5162 0.1014 0.1890 0.066*
C113 0.6593 (2) 0.16490 (17) 0.3164 (3) 0.0456 (10)
C114 0.6573 (2) 0.20312 (17) 0.2401 (2) 0.0416 (10)
C115 0.7133 (2) 0.25315 (18) 0.2350 (3) 0.0612 (12)
H20 0.7117 0.2779 0.1832 0.073*
C116 0.7718 (3) 0.2642 (2) 0.3114 (3) 0.0810 (15)
H21 0.8107 0.2976 0.3111 0.097*
C117 0.7745 (3) 0.2275 (2) 0.3880 (3) 0.0771 (15)
H22 0.8152 0.2366 0.4380 0.092*
C241 0.5307 (3) 0.4410 (2) 0.3419 (3) 0.076
C118 0.7184 (3) 0.1775 (2) 0.3922 (3) 0.0604 (12)
H23 0.7202 0.1530 0.4443 0.072*
C141 0.4015 (2) 0.45681 (18) 0.1305 (2) 0.0423 (10)
C201 0.4000 (2) 0.25955 (19) 0.3761 (2) 0.048
C202 0.4767 (2) 0.25568 (18) 0.3581 (2) 0.0516 (11)
H25 0.4997 0.2136 0.3528 0.062*
C4 1.0489 (2) 0.35122 (19) 0.3791 (2) 0.049
C203 0.5214 (2) 0.31367 (18) 0.3476 (2) 0.0510 (11)
H26 0.5726 0.3102 0.3331 0.061*
C206 0.3681 (2) 0.32189 (19) 0.3862 (3) 0.0762 (14)
H28 0.3162 0.3259 0.3986 0.091*
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C205 0.4133 (2) 0.3784 (2) 0.3777 (3) 0.076
H27 0.3910 0.4203 0.3853 0.092*
C211 0.3496 (2) 0.19836 (16) 0.3877 (2) 0.0479 (10)
H30 0.3733 0.1764 0.4435 0.058*
H29 0.2946 0.2124 0.3904 0.058*
C212 0.3843 (2) 0.09039 (18) 0.3172 (3) 0.0504 (11)
H31 0.4159 0.0726 0.3692 0.060*
C213 0.3235 (2) 0.10285 (19) 0.1824 (3) 0.0453 (10)
C214 0.3053 (2) 0.16015 (17) 0.2266 (2) 0.0376 (9)
C215 0.2551 (2) 0.21126 (17) 0.1862 (3) 0.0507 (11)
H32 0.2429 0.2486 0.2175 0.061*
C216 0.2244 (2) 0.2034 (2) 0.0968 (3) 0.0645 (13)
H33 0.1906 0.2366 0.0661 0.077*
C41 1.0971 (3) 0.2881 (2) 0.3660 (3) 0.061
C217 0.2424 (2) 0.1469 (2) 0.0504 (3) 0.0675 (13)
H34 0.2201 0.1435 −0.0102 0.081*
C218 0.2920 (2) 0.09597 (19) 0.0917 (3) 0.0607 (12)
H35 0.3040 0.0586 0.0602 0.073*
C301 0.1005 (2) 0.48270 (18) 0.1286 (2) 0.0437 (10)
C302 0.1340 (2) 0.41913 (19) 0.1403 (2) 0.0533 (11)
H37 0.1905 0.4136 0.1494 0.064*
C303 0.0838 (2) 0.36324 (18) 0.1385 (2) 0.0546 (11)
H38 0.1070 0.3206 0.1479 0.065*
C3 0.9794 (2) 0.34748 (18) 0.4120 (2) 0.062
H2 0.9630 0.3063 0.4311 0.074*
C304 0.0000 (2) 0.37022 (18) 0.1230 (2) 0.0437 (10)
C305 −0.0337 (2) 0.43360 (19) 0.1095 (2) 0.0506 (11)
H39 −0.0902 0.4389 0.0981 0.061*
C306 0.0163 (2) 0.48918 (18) 0.1128 (2) 0.0512 (11)
H40 −0.0070 0.5318 0.1043 0.061*
C311 0.1540 (2) 0.54473 (17) 0.1337 (2) 0.0542 (11)
H41 0.2098 0.5311 0.1341 0.065*
H42 0.1351 0.5723 0.0812 0.065*
C312 0.0979 (2) 0.6337 (2) 0.2206 (3) 0.0668 (13)
H43 0.0572 0.6477 0.1731 0.080*
C313 0.1745 (3) 0.62597 (19) 0.3504 (3) 0.0530 (11)
C314 0.2031 (2) 0.57861 (18) 0.2963 (3) 0.0457 (10)
C315 0.2709 (2) 0.53916 (17) 0.3279 (3) 0.0575 (11)
H44 0.2899 0.5078 0.2920 0.069*
C316 0.3091 (3) 0.5489 (2) 0.4159 (3) 0.0704 (13)
H45 0.3547 0.5230 0.4401 0.084*
C317 0.2811 (3) 0.5962 (2) 0.4693 (3) 0.0742 (14)
H46 0.3086 0.6014 0.5282 0.089*
C318 0.2142 (3) 0.6352 (2) 0.4375 (3) 0.0693 (13)
H47 0.1960 0.6670 0.4735 0.083*
N11 0.87811 (17) 0.55688 (14) 0.30082 (19) 0.0438 (8)
N112 0.59238 (18) 0.17763 (14) 0.17721 (19) 0.0444 (8)
N211 0.37330 (18) 0.05956 (14) 0.2408 (2) 0.0538 (9)
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N212 0.34581 (17) 0.15062 (14) 0.31470 (19) 0.0407 (8)
N311 0.1079 (2) 0.65961 (15) 0.3005 (3) 0.0693 (11)
N312 0.15250 (19) 0.58474 (14) 0.2135 (2) 0.0490 (9)
O1 1.06387 (15) 0.23355 (12) 0.38492 (16) 0.0820 (9)
H12 1.0923 0.2014 0.3768 0.098*
O2 1.16183 (16) 0.29344 (12) 0.34088 (17) 0.0769 (9)
O3 0.44324 (13) 0.51106 (11) 0.11685 (14) 0.0546 (7)
H24 0.4191 0.5448 0.1283 0.066*
O4 0.33852 (16) 0.45866 (11) 0.15714 (17) 0.0621 (8)
O5 0.58857 (17) 0.43358 (13) 0.30521 (17) 0.093
H36 0.6093 0.4703 0.2995 0.112*
N12 0.87382 (18) 0.62591 (14) 0.1846 (2) 0.055
O7 −0.01721 (15) 0.25792 (12) 0.15838 (18) 0.0939 (11)
H48 −0.0503 0.2274 0.1581 0.113*
N111 0.5975 (2) 0.11677 (14) 0.3007 (2) 0.056
O8 −0.12811 (17) 0.31467 (12) 0.0998 (2) 0.0977 (11)

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.040 (3) 0.048 (3) 0.036 (2) 0.009 (2) 0.002 (2) −0.0038 (19)
C2 0.044 (3) 0.063 (3) 0.071 (3) 0.003 (2) 0.019 (2) 0.009 (2)
C5 0.054 (3) 0.053 (3) 0.060 (3) 0.007 (2) 0.015 (2) 0.003 (2)
C6 0.060 (3) 0.039 (3) 0.051 (3) 0.007 (2) 0.013 (2) 0.011 (2)
C341 0.071 0.058 0.067 −0.004 0.004 0.002
C11 0.055 (3) 0.061 (3) 0.045 (3) 0.010 (2) 0.000 (2) −0.007 (2)
O6 0.104 0.062 0.169 −0.009 0.051 −0.001
C12 0.044 (3) 0.037 (3) 0.086 (3) −0.002 (2) 0.009 (2) −0.008 (2)
C13 0.043 (3) 0.039 (3) 0.054 (3) 0.007 (2) 0.008 (2) 0.002 (2)
C14 0.037 (2) 0.036 (2) 0.049 (3) 0.0044 (19) 0.007 (2) 0.000 (2)
C15 0.052 (3) 0.041 (3) 0.069 (3) −0.002 (2) 0.006 (2) 0.006 (2)
C16 0.056 (3) 0.059 (3) 0.088 (4) −0.005 (2) −0.004 (3) −0.013 (3)
C17 0.060 (3) 0.079 (4) 0.063 (3) 0.016 (3) −0.009 (3) −0.016 (3)
C18 0.060 (3) 0.065 (3) 0.050 (3) 0.020 (2) 0.012 (2) 0.011 (2)
C204 0.067 0.040 0.058 −0.004 0.000 0.005
C101 0.050 (3) 0.040 (3) 0.037 (2) 0.003 (2) 0.007 (2) −0.0026 (19)
C102 0.052 (3) 0.040 (3) 0.049 (3) −0.005 (2) 0.012 (2) 0.0025 (19)
C103 0.038 (2) 0.049 (3) 0.047 (2) 0.002 (2) 0.0141 (19) 0.000 (2)
C104 0.035 (2) 0.034 (2) 0.036 (2) −0.0007 (19) 0.0045 (19) −0.0059 (18)
C105 0.050 (3) 0.035 (2) 0.056 (3) −0.003 (2) 0.013 (2) −0.002 (2)
C106 0.045 (3) 0.048 (3) 0.063 (3) 0.001 (2) 0.022 (2) −0.007 (2)
C111 0.061 (3) 0.044 (3) 0.052 (3) 0.004 (2) 0.009 (2) −0.006 (2)
C112 0.048 (3) 0.030 (2) 0.090 (3) −0.004 (2) 0.021 (2) −0.003 (2)
C113 0.045 (3) 0.039 (3) 0.055 (3) 0.013 (2) 0.015 (2) 0.001 (2)
C114 0.044 (3) 0.028 (2) 0.054 (3) 0.003 (2) 0.013 (2) −0.004 (2)
C115 0.056 (3) 0.045 (3) 0.079 (3) −0.004 (2) 0.006 (3) 0.007 (2)
C116 0.067 (4) 0.054 (3) 0.111 (4) −0.012 (3) −0.007 (3) −0.005 (3)
C117 0.075 (4) 0.057 (3) 0.086 (4) 0.014 (3) −0.014 (3) −0.020 (3)
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C241 0.076 0.062 0.085 −0.005 0.008 −0.017
C118 0.069 (3) 0.058 (3) 0.052 (3) 0.025 (3) 0.009 (3) 0.001 (2)
C141 0.045 (3) 0.041 (3) 0.038 (2) −0.002 (2) 0.003 (2) −0.001 (2)
C201 0.059 0.048 0.037 0.000 0.011 −0.003
C202 0.059 (3) 0.042 (3) 0.056 (3) 0.004 (2) 0.018 (2) −0.010 (2)
C4 0.040 0.051 0.053 0.000 0.002 −0.012
C203 0.046 (3) 0.067 (3) 0.044 (2) −0.014 (2) 0.018 (2) −0.011 (2)
C206 0.053 (3) 0.054 (3) 0.126 (4) −0.006 (2) 0.029 (3) −0.016 (3)
C205 0.060 0.050 0.115 0.009 0.011 −0.003
C211 0.053 (3) 0.051 (3) 0.043 (2) −0.005 (2) 0.017 (2) −0.006 (2)
C212 0.045 (3) 0.045 (3) 0.060 (3) 0.000 (2) 0.008 (2) 0.012 (2)
C213 0.041 (3) 0.045 (3) 0.050 (3) −0.007 (2) 0.010 (2) −0.009 (2)
C214 0.033 (2) 0.039 (2) 0.042 (2) −0.0047 (19) 0.0089 (19) 0.003 (2)
C215 0.051 (3) 0.045 (3) 0.057 (3) 0.005 (2) 0.012 (2) 0.001 (2)
C216 0.057 (3) 0.079 (4) 0.054 (3) 0.013 (3) 0.006 (3) 0.014 (3)
C41 0.036 0.093 0.050 0.010 −0.003 −0.014
C217 0.063 (3) 0.096 (4) 0.043 (3) −0.014 (3) 0.008 (2) 0.001 (3)
C218 0.057 (3) 0.067 (3) 0.061 (3) −0.010 (2) 0.018 (2) −0.020 (2)
C301 0.047 (3) 0.042 (3) 0.045 (2) −0.008 (2) 0.016 (2) 0.0002 (19)
C302 0.042 (3) 0.050 (3) 0.071 (3) 0.002 (2) 0.020 (2) 0.001 (2)
C303 0.058 (3) 0.037 (3) 0.069 (3) 0.002 (2) 0.014 (2) 0.004 (2)
C3 0.057 0.042 0.082 −0.003 0.002 0.012
C304 0.048 (3) 0.041 (3) 0.041 (2) −0.003 (2) 0.006 (2) 0.0057 (19)
C305 0.041 (3) 0.054 (3) 0.055 (3) −0.002 (2) 0.006 (2) 0.000 (2)
C306 0.053 (3) 0.037 (3) 0.062 (3) 0.001 (2) 0.008 (2) −0.001 (2)
C311 0.055 (3) 0.049 (3) 0.063 (3) −0.009 (2) 0.023 (2) −0.001 (2)
C312 0.051 (3) 0.044 (3) 0.100 (4) −0.001 (2) 0.005 (3) 0.003 (3)
C313 0.052 (3) 0.036 (3) 0.076 (3) −0.008 (2) 0.025 (3) −0.011 (2)
C314 0.047 (3) 0.033 (3) 0.062 (3) −0.006 (2) 0.024 (2) −0.001 (2)
C315 0.060 (3) 0.045 (3) 0.071 (3) 0.005 (2) 0.023 (3) 0.001 (2)
C316 0.074 (4) 0.066 (3) 0.070 (3) 0.012 (3) 0.012 (3) 0.009 (3)
C317 0.091 (4) 0.071 (4) 0.064 (3) −0.012 (3) 0.024 (3) −0.008 (3)
C318 0.079 (4) 0.060 (3) 0.080 (4) −0.014 (3) 0.041 (3) −0.023 (3)
N11 0.047 (2) 0.033 (2) 0.048 (2) 0.0055 (16) 0.0018 (17) −0.0006 (17)
N112 0.055 (2) 0.0287 (19) 0.049 (2) −0.0004 (17) 0.0100 (18) −0.0012 (16)
N211 0.052 (2) 0.046 (2) 0.064 (2) 0.0024 (17) 0.0133 (19) −0.0065 (19)
N212 0.045 (2) 0.035 (2) 0.043 (2) −0.0034 (16) 0.0112 (17) −0.0002 (16)
N311 0.055 (3) 0.053 (2) 0.102 (3) 0.003 (2) 0.020 (2) −0.022 (2)
N312 0.050 (2) 0.031 (2) 0.070 (3) 0.0010 (17) 0.021 (2) −0.0033 (18)
O1 0.086 (2) 0.0419 (18) 0.111 (2) −0.0004 (16) 0.0053 (18) −0.0037 (16)
O2 0.067 (2) 0.065 (2) 0.098 (2) 0.0129 (16) 0.0141 (18) −0.0146 (16)
O3 0.0550 (18) 0.0341 (16) 0.0788 (19) 0.0011 (13) 0.0234 (15) −0.0074 (13)
O4 0.0542 (19) 0.0532 (18) 0.087 (2) 0.0013 (15) 0.0329 (17) −0.0045 (15)
O5 0.094 0.096 0.095 −0.037 0.032 −0.014
N12 0.054 0.044 0.068 0.000 0.014 0.011
O7 0.064 (2) 0.0546 (19) 0.157 (3) −0.0076 (16) 0.0104 (19) 0.0410 (18)
N111 0.058 0.045 0.070 0.009 0.022 0.008
O8 0.065 (2) 0.066 (2) 0.148 (3) −0.0181 (17) −0.011 (2) 0.0130 (18)
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Geometric parameters (Å, º) 

C1—C6 1.365 (4) C141—O3 1.324 (4)
C1—C2 1.376 (4) C201—C202 1.367 (5)
C1—C11 1.521 (4) C201—C206 1.369 (4)
C2—C3 1.397 (4) C201—C211 1.510 (4)
C2—H1 0.9300 C202—C203 1.400 (4)
C5—C4 1.364 (4) C202—H25 0.9300
C5—C6 1.383 (4) C4—C3 1.361 (5)
C5—H3 0.9300 C4—C41 1.526 (5)
C6—H4 0.9300 C203—H26 0.9300
C341—O8 1.202 (4) C206—C205 1.373 (5)
C341—O7 1.287 (4) C206—H28 0.9300
C341—C304 1.491 (5) C205—H27 0.9300
C11—N11 1.465 (4) C211—N212 1.458 (3)
C11—H6 0.9700 C211—H30 0.9700
C11—H5 0.9700 C211—H29 0.9700
O6—C241 1.237 (4) C212—N211 1.302 (4)
C12—N12 1.314 (4) C212—N212 1.355 (4)
C12—N11 1.349 (4) C212—H31 0.9300
C12—H7 0.9300 C213—N211 1.387 (4)
C13—N12 1.382 (4) C213—C218 1.388 (4)
C13—C14 1.391 (4) C213—C214 1.391 (4)
C13—C18 1.400 (4) C214—C215 1.379 (4)
C14—C15 1.374 (4) C214—N212 1.393 (4)
C14—N11 1.385 (4) C215—C216 1.370 (4)
C15—C16 1.372 (4) C215—H32 0.9300
C15—H8 0.9300 C216—C217 1.394 (5)
C16—C17 1.379 (5) C216—H33 0.9300
C16—H9 0.9300 C41—O2 1.226 (4)
C17—C18 1.368 (5) C41—O1 1.278 (5)
C17—H10 0.9300 C217—C218 1.376 (4)
C18—H11 0.9300 C217—H34 0.9300
C204—C205 1.355 (5) C218—H35 0.9300
C204—C203 1.371 (4) C301—C302 1.378 (4)
C204—C241 1.520 (5) C301—C306 1.383 (4)
C101—C102 1.369 (4) C301—C311 1.514 (4)
C101—C106 1.388 (4) C302—C303 1.388 (4)
C101—C111 1.523 (4) C302—H37 0.9300
C102—C103 1.390 (4) C303—C304 1.377 (4)
C102—H13 0.9300 C303—H38 0.9300
C103—C104 1.387 (4) C3—H2 0.9300
C103—H14 0.9300 C304—C305 1.377 (4)
C104—C105 1.370 (4) C305—C306 1.379 (4)
C104—C141 1.488 (4) C305—H39 0.9300
C105—C106 1.380 (4) C306—H40 0.9300
C105—H15 0.9300 C311—N312 1.465 (4)
C106—H16 0.9300 C311—H41 0.9700
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C111—N112 1.463 (4) C311—H42 0.9700
C111—H17 0.9700 C312—N311 1.307 (4)
C111—H18 0.9700 C312—N312 1.353 (4)
C112—N111 1.310 (4) C312—H43 0.9300
C112—N112 1.347 (4) C313—C318 1.375 (5)
C112—H19 0.9300 C313—N311 1.383 (4)
C113—C118 1.383 (4) C313—C314 1.402 (5)
C113—C114 1.390 (4) C314—N312 1.377 (4)
C113—N111 1.391 (4) C314—C315 1.380 (4)
C114—C115 1.378 (4) C315—C316 1.381 (4)
C114—N112 1.388 (4) C315—H44 0.9300
C115—C116 1.378 (4) C316—C317 1.390 (5)
C115—H20 0.9300 C316—H45 0.9300
C116—C117 1.376 (5) C317—C318 1.364 (5)
C116—H21 0.9300 C317—H46 0.9300
C117—C118 1.376 (5) C318—H47 0.9300
C117—H22 0.9300 O1—H12 0.8200
C241—O5 1.225 (5) O3—H24 0.8200
C118—H23 0.9300 O5—H36 0.8200
C141—O4 1.205 (4) O7—H48 0.8200

C6—C1—C2 119.1 (4) C204—C203—H26 120.3
C6—C1—C11 120.5 (4) C202—C203—H26 120.3
C2—C1—C11 120.4 (4) C201—C206—C205 119.6 (4)
C1—C2—C3 119.7 (4) C201—C206—H28 120.2
C1—C2—H1 120.2 C205—C206—H28 120.2
C3—C2—H1 120.2 C204—C205—C206 122.9 (4)
C4—C5—C6 120.6 (4) C204—C205—H27 118.5
C4—C5—H3 119.7 C206—C205—H27 118.5
C6—C5—H3 119.7 N212—C211—C201 111.7 (3)
C1—C6—C5 120.7 (4) N212—C211—H30 109.3
C1—C6—H4 119.6 C201—C211—H30 109.3
C5—C6—H4 119.6 N212—C211—H29 109.3
O8—C341—O7 123.7 (4) C201—C211—H29 109.3
O8—C341—C304 122.8 (4) H30—C211—H29 107.9
O7—C341—C304 113.6 (4) N211—C212—N212 114.4 (3)
N11—C11—C1 111.5 (3) N211—C212—H31 122.8
N11—C11—H6 109.3 N212—C212—H31 122.8
C1—C11—H6 109.3 N211—C213—C218 129.6 (4)
N11—C11—H5 109.3 N211—C213—C214 110.8 (3)
C1—C11—H5 109.3 C218—C213—C214 119.6 (4)
H6—C11—H5 108.0 C215—C214—C213 123.8 (4)
N12—C12—N11 114.4 (3) C215—C214—N212 131.6 (4)
N12—C12—H7 122.8 C213—C214—N212 104.5 (3)
N11—C12—H7 122.8 C216—C215—C214 115.6 (4)
N12—C13—C14 110.5 (3) C216—C215—H32 122.2
N12—C13—C18 130.1 (4) C214—C215—H32 122.2
C14—C13—C18 119.4 (4) C215—C216—C217 121.8 (4)
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C15—C14—N11 131.6 (4) C215—C216—H33 119.1
C15—C14—C13 123.1 (4) C217—C216—H33 119.1
N11—C14—C13 105.2 (3) O2—C41—O1 126.7 (4)
C16—C15—C14 116.3 (4) O2—C41—C4 119.6 (4)
C16—C15—H8 121.9 O1—C41—C4 113.6 (4)
C14—C15—H8 121.9 C218—C217—C216 122.0 (4)
C15—C16—C17 121.8 (4) C218—C217—H34 119.0
C15—C16—H9 119.1 C216—C217—H34 119.0
C17—C16—H9 119.1 C217—C218—C213 117.1 (4)
C18—C17—C16 122.2 (4) C217—C218—H35 121.5
C18—C17—H10 118.9 C213—C218—H35 121.5
C16—C17—H10 118.9 C302—C301—C306 118.6 (3)
C17—C18—C13 117.1 (4) C302—C301—C311 121.3 (4)
C17—C18—H11 121.4 C306—C301—C311 120.1 (3)
C13—C18—H11 121.4 C301—C302—C303 120.2 (4)
C205—C204—C203 118.2 (4) C301—C302—H37 119.9
C205—C204—C241 119.0 (4) C303—C302—H37 119.9
C203—C204—C241 122.6 (4) C304—C303—C302 120.8 (4)
C102—C101—C106 118.6 (4) C304—C303—H38 119.6
C102—C101—C111 120.7 (3) C302—C303—H38 119.6
C106—C101—C111 120.7 (4) C4—C3—C2 120.7 (4)
C101—C102—C103 121.2 (4) C4—C3—H2 119.7
C101—C102—H13 119.4 C2—C3—H2 119.7
C103—C102—H13 119.4 C303—C304—C305 119.2 (3)
C104—C103—C102 119.9 (4) C303—C304—C341 122.0 (4)
C104—C103—H14 120.1 C305—C304—C341 118.8 (4)
C102—C103—H14 120.1 C304—C305—C306 120.0 (4)
C105—C104—C103 118.8 (3) C304—C305—H39 120.0
C105—C104—C141 123.7 (3) C306—C305—H39 120.0
C103—C104—C141 117.4 (4) C305—C306—C301 121.2 (4)
C104—C105—C106 121.1 (4) C305—C306—H40 119.4
C104—C105—H15 119.4 C301—C306—H40 119.4
C106—C105—H15 119.4 N312—C311—C301 111.9 (3)
C105—C106—C101 120.3 (4) N312—C311—H41 109.2
C105—C106—H16 119.8 C301—C311—H41 109.2
C101—C106—H16 119.8 N312—C311—H42 109.2
N112—C111—C101 110.5 (3) C301—C311—H42 109.2
N112—C111—H17 109.5 H41—C311—H42 107.9
C101—C111—H17 109.5 N311—C312—N312 113.6 (4)
N112—C111—H18 109.5 N311—C312—H43 123.2
C101—C111—H18 109.5 N312—C312—H43 123.2
H17—C111—H18 108.1 C318—C313—N311 130.0 (4)
N111—C112—N112 114.4 (3) C318—C313—C314 120.6 (4)
N111—C112—H19 122.8 N311—C313—C314 109.3 (4)
N112—C112—H19 122.8 N312—C314—C315 132.5 (4)
C118—C113—C114 119.9 (4) N312—C314—C313 105.5 (4)
C118—C113—N111 130.1 (4) C315—C314—C313 121.9 (4)
C114—C113—N111 110.0 (3) C314—C315—C316 116.3 (4)
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C115—C114—N112 131.7 (4) C314—C315—H44 121.9
C115—C114—C113 122.9 (4) C316—C315—H44 121.9
N112—C114—C113 105.4 (3) C315—C316—C317 121.8 (4)
C114—C115—C116 115.8 (4) C315—C316—H45 119.1
C114—C115—H20 122.1 C317—C316—H45 119.1
C116—C115—H20 122.1 C318—C317—C316 121.6 (4)
C117—C116—C115 122.3 (4) C318—C317—H46 119.2
C117—C116—H21 118.8 C316—C317—H46 119.2
C115—C116—H21 118.8 C317—C318—C313 117.8 (4)
C118—C117—C116 121.3 (4) C317—C318—H47 121.1
C118—C117—H22 119.3 C313—C318—H47 121.1
C116—C117—H22 119.3 C12—N11—C14 106.0 (3)
O5—C241—O6 127.4 (4) C12—N11—C11 127.5 (3)
O5—C241—C204 114.2 (4) C14—N11—C11 126.3 (3)
O6—C241—C204 117.7 (4) C112—N112—C114 106.1 (3)
C117—C118—C113 117.7 (4) C112—N112—C111 127.3 (3)
C117—C118—H23 121.1 C114—N112—C111 126.5 (3)
C113—C118—H23 121.1 C212—N211—C213 104.1 (3)
O4—C141—O3 123.7 (4) C212—N212—C214 106.2 (3)
O4—C141—C104 123.6 (4) C212—N212—C211 127.4 (3)
O3—C141—C104 112.7 (4) C214—N212—C211 126.3 (3)
C202—C201—C206 118.5 (4) C312—N311—C313 105.1 (4)
C202—C201—C211 123.2 (4) C312—N312—C314 106.5 (3)
C206—C201—C211 118.3 (4) C312—N312—C311 125.9 (4)
C201—C202—C203 121.4 (4) C314—N312—C311 127.6 (3)
C201—C202—H25 119.3 C41—O1—H12 109.5
C203—C202—H25 119.3 C141—O3—H24 109.5
C3—C4—C5 119.2 (4) C241—O5—H36 109.5
C3—C4—C41 121.2 (4) C12—N12—C13 103.9 (3)
C5—C4—C41 119.6 (4) C341—O7—H48 109.5
C204—C203—C202 119.4 (4) C112—N111—C113 104.1 (3)

C6—C1—C2—C3 −2.5 (5) N211—C213—C218—C217 178.7 (4)
C11—C1—C2—C3 176.8 (3) C214—C213—C218—C217 −1.2 (5)
C2—C1—C6—C5 2.5 (5) C306—C301—C302—C303 −1.6 (5)
C11—C1—C6—C5 −176.8 (3) C311—C301—C302—C303 177.6 (3)
C4—C5—C6—C1 0.5 (5) C301—C302—C303—C304 1.5 (6)
C6—C1—C11—N11 59.7 (4) C5—C4—C3—C2 3.3 (6)
C2—C1—C11—N11 −119.5 (4) C41—C4—C3—C2 −175.1 (3)
N12—C13—C14—C15 179.6 (3) C1—C2—C3—C4 −0.4 (6)
C18—C13—C14—C15 −0.7 (6) C302—C303—C304—C305 −0.2 (6)
N12—C13—C14—N11 0.1 (4) C302—C303—C304—C341 −176.4 (3)
C18—C13—C14—N11 179.8 (3) O8—C341—C304—C303 −168.5 (4)
N11—C14—C15—C16 −179.9 (4) O7—C341—C304—C303 11.1 (6)
C13—C14—C15—C16 0.7 (6) O8—C341—C304—C305 15.3 (6)
C14—C15—C16—C17 −0.5 (6) O7—C341—C304—C305 −165.2 (3)
C15—C16—C17—C18 0.3 (7) C303—C304—C305—C306 −0.9 (5)
C16—C17—C18—C13 −0.3 (6) C341—C304—C305—C306 175.4 (3)
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N12—C13—C18—C17 −179.9 (4) C304—C305—C306—C301 0.8 (6)
C14—C13—C18—C17 0.5 (5) C302—C301—C306—C305 0.5 (6)
C106—C101—C102—C103 −2.6 (5) C311—C301—C306—C305 −178.8 (3)
C111—C101—C102—C103 175.3 (3) C302—C301—C311—N312 −110.0 (4)
C101—C102—C103—C104 −0.2 (5) C306—C301—C311—N312 69.2 (4)
C102—C103—C104—C105 2.5 (5) C318—C313—C314—N312 −177.1 (3)
C102—C103—C104—C141 −175.0 (3) N311—C313—C314—N312 0.0 (4)
C103—C104—C105—C106 −1.8 (5) C318—C313—C314—C315 0.7 (6)
C141—C104—C105—C106 175.4 (3) N311—C313—C314—C315 177.8 (3)
C104—C105—C106—C101 −1.0 (5) N312—C314—C315—C316 177.2 (4)
C102—C101—C106—C105 3.3 (5) C313—C314—C315—C316 0.1 (6)
C111—C101—C106—C105 −174.7 (3) C314—C315—C316—C317 −0.6 (6)
C102—C101—C111—N112 −66.8 (4) C315—C316—C317—C318 0.4 (7)
C106—C101—C111—N112 111.1 (4) C316—C317—C318—C313 0.4 (7)
C118—C113—C114—C115 1.5 (6) N311—C313—C318—C317 −177.4 (4)
N111—C113—C114—C115 −177.6 (3) C314—C313—C318—C317 −0.9 (6)
C118—C113—C114—N112 179.5 (3) N12—C12—N11—C14 −0.8 (4)
N111—C113—C114—N112 0.4 (4) N12—C12—N11—C11 174.6 (3)
N112—C114—C115—C116 −178.4 (4) C15—C14—N11—C12 −179.0 (4)
C113—C114—C115—C116 −0.9 (6) C13—C14—N11—C12 0.4 (4)
C114—C115—C116—C117 0.3 (6) C15—C14—N11—C11 5.5 (6)
C115—C116—C117—C118 −0.1 (7) C13—C14—N11—C11 −175.1 (3)
C205—C204—C241—O5 −163.5 (4) C1—C11—N11—C12 −111.0 (4)
C203—C204—C241—O5 10.2 (6) C1—C11—N11—C14 63.5 (4)
C205—C204—C241—O6 25.9 (6) N111—C112—N112—C114 0.4 (4)
C203—C204—C241—O6 −160.4 (4) N111—C112—N112—C111 −175.6 (3)
C116—C117—C118—C113 0.5 (7) C115—C114—N112—C112 177.3 (4)
C114—C113—C118—C117 −1.2 (6) C113—C114—N112—C112 −0.4 (4)
N111—C113—C118—C117 177.7 (4) C115—C114—N112—C111 −6.7 (6)
C105—C104—C141—O4 178.3 (4) C113—C114—N112—C111 175.6 (3)
C103—C104—C141—O4 −4.3 (5) C101—C111—N112—C112 103.3 (4)
C105—C104—C141—O3 −2.8 (5) C101—C111—N112—C114 −71.9 (4)
C103—C104—C141—O3 174.5 (3) N212—C212—N211—C213 0.1 (4)
C206—C201—C202—C203 −1.8 (5) C218—C213—N211—C212 −180.0 (4)
C211—C201—C202—C203 179.8 (3) C214—C213—N211—C212 −0.1 (4)
C6—C5—C4—C3 −3.3 (5) N211—C212—N212—C214 −0.1 (4)
C6—C5—C4—C41 175.1 (3) N211—C212—N212—C211 −176.6 (3)
C205—C204—C203—C202 −1.6 (5) C215—C214—N212—C212 178.0 (4)
C241—C204—C203—C202 −175.4 (3) C213—C214—N212—C212 0.1 (4)
C201—C202—C203—C204 2.5 (5) C215—C214—N212—C211 −5.5 (6)
C202—C201—C206—C205 0.2 (6) C213—C214—N212—C211 176.6 (3)
C211—C201—C206—C205 178.7 (3) C201—C211—N212—C212 107.1 (4)
C203—C204—C205—C206 0.1 (6) C201—C211—N212—C214 −68.8 (4)
C241—C204—C205—C206 174.1 (4) N312—C312—N311—C313 0.6 (5)
C201—C206—C205—C204 0.6 (6) C318—C313—N311—C312 176.4 (4)
C202—C201—C211—N212 −49.9 (5) C314—C313—N311—C312 −0.4 (5)
C206—C201—C211—N212 131.6 (3) N311—C312—N312—C314 −0.6 (5)
N211—C213—C214—C215 −178.1 (3) N311—C312—N312—C311 177.1 (3)
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C218—C213—C214—C215 1.8 (6) C315—C314—N312—C312 −177.2 (4)
N211—C213—C214—N212 0.0 (4) C313—C314—N312—C312 0.3 (4)
C218—C213—C214—N212 179.9 (3) C315—C314—N312—C311 5.2 (6)
C213—C214—C215—C216 −1.5 (5) C313—C314—N312—C311 −177.3 (3)
N212—C214—C215—C216 −179.0 (3) C301—C311—N312—C312 −87.8 (4)
C214—C215—C216—C217 0.6 (6) C301—C311—N312—C314 89.3 (4)
C3—C4—C41—O2 −176.0 (4) N11—C12—N12—C13 0.9 (4)
C5—C4—C41—O2 5.6 (6) C14—C13—N12—C12 −0.6 (4)
C3—C4—C41—O1 2.9 (5) C18—C13—N12—C12 179.8 (4)
C5—C4—C41—O1 −175.5 (3) N112—C112—N111—C113 −0.2 (4)
C215—C216—C217—C218 −0.2 (7) C118—C113—N111—C112 −179.1 (4)
C216—C217—C218—C213 0.5 (6) C114—C113—N111—C112 −0.1 (4)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

O1—H12···N12i 0.82 1.92 2.693 (4) 157
O3—H24···N111ii 0.82 1.85 2.613 (4) 154
O5—H36···N211ii 0.82 1.92 2.711 (4) 162
O7—H48···N311iii 0.82 1.84 2.628 (4) 160

Symmetry codes: (i) −x+2, y−1/2, −z+1/2; (ii) −x+1, y+1/2, −z+1/2; (iii) −x, y−1/2, −z+1/2.


