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Oxidation of tetrahydrodispirobenzimidazole by m-chloro-

perbenzoic acid did not produce dispiro-2H-benzimidazole,

which is the product obtained by oxidation with MnO2.

Instead, a mixture of two compounds was identi®ed, namely

dispiro[2H-benzimidazole-2,10-cyclohexane-40,200-[2H]benz-

imidazole] 1-oxide, C18H16N4O, (III), and dispiro[2H-benz-

imidazole-2,10-cyclohexane-40,200-[2H]benzimidazole] 1,100-di-

oxide, C18H16N4O2, (IV). In (III), the molecules are

disordered about a twofold rotation axis and have 2/m site

symmetry. In (IV), the crystals are triclinic and the molecules

occupy crystallographic inversion centers. Although the two

compounds are very similar and are arranged in layers, they

adopt completely different packing modes within the layers,

viz. herring-bone in (III) and parallel molecules in (IV). The

molecules within the layers are held together by CÐH� � �O
and CÐH� � �N hydrogen bonds.

Comment

We have attempted to prepare tetranitroxide (V) (see

Scheme 1) by a procedure similar to that described by Keana

et al. (1967, 1978). Following the guidelines of Davies et al.

(1984) and Herbert et al. (1988), dispiro[2H-benzimidazole-

2,10-cyclohexane-4,200-[2H]benzimidazole], (I), was prepared.

Oxidation of (I) by MnO2 led to the dispiro-2H-benzimidazole

(II) (Herbert et al., 1988) (see Scheme 2). Further oxidation by

m-chloroperbenzoic acid (von Glahn et al., 1999) produced

(E)- and (Z)-dispiro[2H-benzimidazole-2,10-cyclohexane-

40,200-[2H]benzimidazole] 1,100-dioxide, i.e. (IV) and (IV0),

respectively (see Scheme 2). We carried out the oxidation of

(I) by m-chloroperbenzoic acid, skipping the oxidation step

with MnO2. Two major products were identi®ed, namely

dispiro[2H-benzimidazole-2,10-cyclohexane-40,200-[2H]benz-

imidazole] 1-oxide, (III), and dispiro[2H-benzimidazole-2,10-

cyclohexane-40,200-[2H]benzimidazole] 1,100-dioxide, (IV).

Although the chemical difference between the two

compounds is small, the crystal structures are completely

different.

Monoxide (III) crystallizes in the orthorhombic space group

Cmca, displaying 2/m crystallographic site symmetry. This

means that the O atom is equally disordered between two sites

related by a twofold symmetry axis. The crystals of dioxide

(IV) are triclinic and the molecule occupies a crystallographic

inversion center. The packing of the molecules of (III) and

(IV) in the unit cells are shown in Figs. 1 and 2, respectively. In

both, the molecules form layers but the arrangement of mol-

ecules within the layer is different. While the molecules in

(III) adopt a herring-bone packing motif, the molecules are

parallel in (IV). The molecules within a layer are held together

by short intermolecular O� � �HÐC and N� � �HÐC contacts.

Only two such contacts that were observed in the crystal

structure of (III) could be considered hydrogen bonds:

O1� � �H4 2.205 (3) AÊ , O1� � �C4 3.110 (3) AÊ and O1� � �H4ÐC4
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158.7 (2)�; N2� � �H3 2.605 (3) AÊ , N2� � �C3 3.510 (3) AÊ and

N2� � �H3ÐC3 159.3 (2)�. In (IV), there is only one hydrogen

bond; O1� � �H2 2.470 (4) AÊ , O1� � �C2 3.327 (4) AÊ and

O1� � �H2ÐC2 153.4 (3)�.
The packing of the layers is also very different. While the

molecules between successive layers in (IV) are related by

translation, those in (III) are related by a twofold rotation axis

perpendicular to the benzimidazole portions of the molecules

(see Figs. 3 and 4). A comparison of bond lengths and angles is

given in Table 1; also compared in Table 1 are the bond lengths

of the relevant moiety in benzimidazole dioxide (VI) (Keller

et al., 1977), benzimidazole (VII), and dihydrobenzimidazole

(VIII) (Hazelton et al., 1995) (see Scheme 3).

The localization of double bonds in the benzene ring is

clearly observed in (III), (IV) and (VII), where the C2ÐC3

and C4ÐC5 bonds are signi®cantly shorter than C1ÐC2, C3Ð

C4, C5ÐC6 and C1ÐC6 (see notation in Fig. 1), while in (VI)

and (VIII), these bonds are normal for aromatic compounds. Some bond lengths should be noted; the N1ÐO1 bond length

is signi®cantly shorter in monooxyl (III) [1.152 (3) AÊ ] than in

both dioxyl (IV) [1.274 (3) AÊ ] and (VI) [1.28 (2) and

1.34 (3) AÊ ]. The experimental geometry at the nitroxide group

in (III) is strongly affected by the disorder. The disordered

moiety is an average between benzimidazole [such as (VI)]

and benzimidazole oxide [such as (VII)]. The position of atom

N1 is an average between two sites. The distance between the

Figure 1
The structure of a layer of (III) viewed down the a axis (the c axis is
pointing upwards) (ORTEP-3; Farrugia, 1997).

Figure 2
The structure of a layer of (IV) (the b axis is pointing upwards and the a
axis is pointing to the right) (ORTEP-3; Farrugia, 1997).

Figure 3
Overlap diagram of (III) (ORTEP-3; Farrugia, 1997).



theoretical positions of the two sites is only 0.12 AÊ and all

attempts to re®ne these positions separately or by ®xing them

failed to provide more reliable geometry. The N1 C1 and

N2 C6 bond lengths are chemically equivalent within each of

compounds (VI), (VII) and (VIII), and therefore the bond

lengths are equal within each molecule either as localized

double bonds in (VII) [1.30 (1) and 1.30 (1) AÊ ], localized

Nsp3ÐCsp2 single bonds in (VIII) [1.399 (7) and 1.403 (7) AÊ ]

or delocalized double bonds in (VII) [1.34 (3) and 1.33 (3) AÊ ].

These bonds in (IV) are signi®cantly different [N1 C1

1.320 (3) AÊ and N2 C6 1.307 (3) AÊ ] because only one of the

two N atoms is connected to the electronegative atom O1;

therefore, the later is compared to the equivalent bond in

(VI), and the former should be compared with that in (VII).

The N2 C6 bond in (IV) is not affected by the disorder and

therefore the bond length of 1.303 (3) AÊ is similar to that

found in (VII). The N1 C1 bond length in (III) is somewhat

longer [1.312 (3) AÊ ] as a result of the disorder. The presence

of (III) in the reaction bath might suggest that the oxidation

takes place in two steps. In the ®rst step, the monooxyl is

formed and in the second step, the second N atom is oxidized.

Experimental

Compound (I) was synthesized according to the procedure of

Herbert et al. (1988) (see Scheme 1). Monooxyl (III) and dioxyl (IV)

were prepared by the oxidation of (I) (0.29 g, 1 mmol) by dropwise

addition over 20 min of an ether solution of m-chloroperbenzoic acid

(MPCA; 0.95 g, 5.5 mmol) at 273 K. Overnight stirring produced a

yellow solution which was washed with 5% Na2CO3, dried (K2CO3)

and evaporated. After chromatography of the resulting solid over

silica gel with CHCl3, two substances were isolated, namely monooxyl

(III) [90 mg, 30%; MS: (M+ + 1) 305] and dioxyl (IV) [118 mg, 37%;

MS: (M+ + 1) 321].

Compound (III)

Crystal data

C18H16N4O
Mr = 304.35
Orthorhombic, Cmca
a = 6.774 (2) AÊ

b = 15.875 (3) AÊ

c = 13.477 (3) AÊ

V = 1449.3 (6) AÊ 3

Z = 4
Dx = 1.395 Mg mÿ3

Mo K� radiation
Cell parameters from 902

re¯ections
� = 0.9±27.5�

� = 0.09 mmÿ1

T = 150 (2) K
Prism, orange±red
0.50 � 0.35 � 0.30 mm

Data collection

Nonius KappaCCD diffractometer
' and ! scans
3482 measured re¯ections
902 independent re¯ections
658 re¯ections with I > 2�(I)

Rint = 0.054
�max = 27.5�

h = 0! 8
k = ÿ20! 20
l = ÿ16! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.119
S = 1.02
902 re¯ections
77 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0602P)2

+ 0.5909P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.22 e AÊ ÿ3

��min = ÿ0.17 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.038 (5)

Compound (IV)

Crystal data

C18H16N4O2

Mr = 320.34
Triclinic, P1
a = 5.416 (2) AÊ

b = 7.290 (2) AÊ

c = 10.426 (3) AÊ

� = 104.39 (3)�

� = 104.15 (3)�

 = 98.41 (3)�

V = 377.1 (2) AÊ 3

Z = 1
Dx = 1.411 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 3.1±12.2�

� = 0.10 mmÿ1

T = 293 (2) K
Plate, yellow
0.40 � 0.30 � 0.25 mm

Data collection

Philips PW1100 diffractometer
!/2� scans
1422 measured re¯ections
1339 independent re¯ections
885 re¯ections with I > 2�(I)
Rint = 0.036
�max = 25.0�

h = ÿ6! 6
k = ÿ8! 8
l = 0! 12
3 standard re¯ections

frequency: 120 min
intensity decay: 7.3%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.053
wR(F 2) = 0.139
S = 1.06
1339 re¯ections
117 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0567P)2

+ 0.0683P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.20 e AÊ ÿ3

��min = ÿ0.18 e AÊ ÿ3

The positions of all H atoms were located in a difference Fourier map

and they were re®ned as riding on their attached atoms (CÐH = 0.95

and 0.99 AÊ ).

For compound (III), data collection: COLLECT (Nonius, 1998);

cell re®nement: DENZO±SMN (Otwinowski & Minor, 1997); data

reduction: DENZO±SMN; for compound (IV), data collection:

Philips PW1100/20 Software (Philips, 1973); cell re®nement: Philips
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PW1100/20 Software; data reduction: Philips PW1100/20 Software; for

both compounds, program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows

(Farrugia, 1997).
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Table 1
Comparison of bond lengths (AÊ ) for (III), (IV), (VI), (VII) and (VIII),
and bond angles (�) for (III) and (IV).

Atoms marked with an asterisk (*) are related by either twofold symmetry [in
(III)] or by an inversion center [in (IV)].

(III) (IV) (VI) (VII) (VIII)

O1ÐN1 1.152 (3) 1.273 (3) 1.28 (2)/1.34 (3)
N1ÐC1 1.312 (3) 1.322 (3) 1.34 (3) 1.30 (1) 1.399 (7)
N1ÐC7 1.491 (3) 1.505 (3) 1.54 (3) 1.506 (8) 1.491 (7)
N2ÐC6 1.299 (2) 1.308 (3) 1.33 (3) 1.30 (1) 1.403 (7)
N2ÐC7 1.455 (3) 1.449 (3) 1.52 (3) 1.48 (1) 1.480 (8)
C1ÐC2 1.430 (3) 1.420 (4) 1.42 (3) 1.463 (9) 1.383 (7)
C1ÐC6 1.456 (3) 1.447 (4) 1.41 (3) 1.48 (1) 1.375 (7)
C2ÐC3 1.349 (3) 1.337 (4) 1.41 (4) 1.36 (1) 1.402 (7)
C3ÐC4 1.448 (3) 1.438 (4) 1.41 (4) 1.51 (2) 1.389 (9)
C4ÐC5 1.348 (3) 1.351 (4) 1.40 (4) 1.36 (1) 1.402 (9)
C5ÐC6 1.446 (3) 1.434 (4) 1.45 (4) 1.43 (2) 1.363 (8)
C7ÐC8 1.530 (2) 1.522 (4)
C7ÐC8* 1.530 (2) 1.530 (4)
C8ÐC8* 1.531 (3) 1.518 (3)

O1ÐN1ÐC1 130.0 (2) 129.2 (2)
O1ÐN1ÐC7 123.5 (2) 122.3 (2)
C1ÐN1ÐC7 106.5 (2) 108.5 (2)
C6ÐN2ÐC7 105.7 (2) 106.3 (2)
N1ÐC1ÐC2 129.6 (2) 131.2 (3)
N1ÐC1ÐC6 108.5 (2) 106.4 (2)
C2ÐC1ÐC6 121.8 (2) 122.4 (3)
C3ÐC2ÐC1 117.2 (2) 116.6 (3)
C2ÐC3ÐC4 121.9 (2) 122.5 (3)
C5ÐC4ÐC3 122.8 (2) 122.6 (3)
C4ÐC5ÐC6 118.2 (2) 117.8 (3)
N2ÐC6ÐC5 129.6 (2) 128.3 (2)
N2ÐC6ÐC1 112.4 (2) 113.6 (2)
C5ÐC6ÐC1 118.0 (2) 118.1 (2)
N2ÐC7ÐN1 106.9 (2) 105.1 (2)
N2ÐC7ÐC8 110.8 (1) 112.0 (2)
N1ÐC7ÐC8 109.0 (1) 108.6 (2)
N2ÐC7ÐC8* 110.8 (1) 111.1 (2)
N1ÐC7ÐC8* 108.6 (1) 107.9 (2)
C8ÐC7ÐC8* 110.9 (2) 111.7 (2)
C8*ÐC8ÐC7 111.2 (1) 112.1 (2)
C8ÐC8*ÐC7 111.2 (1) 112.0 (2)


