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Stoicheiometric 2 : 1 complexes of  acetonitrile and nitromethane with dibenzo-18-crown-6 have been crystallized 
from the corresponding solvent and their structures established by single crystal X-ray diffraction techniques at 
- 150 "C. 

In contrast to the large number of crystal structures reported 
for 18-crown-6 with neutral solvent molecules containing 
polar 0-H, N-H, and C-H groups,1 little is known about 
the exact nature of their dibenzo-18-crown-6 analogues in the 
solid state. trans-PtC12(PMe3)NH3.dibenzo-18-crown-62 is 
reported to contain three bifurcated N-H - - O(crown) 
interactions (N * - 0 3.41, 3.32 A) but the 
calculated hydrogen atom positions were not refined. In 
CuI(MeCN)4.dibenzo-18-crown-63 the six crown ether oxygen 
atoms have methyl group contacts ranging from 3.22 to 3.41 A 
to three different Me moieties, but the hydrogen atom 
positions were not located. 

Crystallographic studies of 18-crown-6 with polar C-H 
solvent guests have revealed that the number of actual 
C-H - - - O(crown) interactions and thus the superstructure, if 
any, cannot always be determined in the absence of hydrogen 
atom positions by C - - - 0 contact geometries alone. 18- 
Cro~n-6 .C~(CO~Me)~4  and 18-crown-6-Me2S045 consist of 
infinite layers of host and guest molecules with one methyl 
hydrogen actually directed away from the crown ether. All 
three methyl hydrogen atoms participate in weak interactions 
with the crown ether in l8-crown-6.2(Me2SO2)6 and 18-crown- 
6.2(MeN02)7 (at 22°C). This latter type of 
interaction has also been assumed for {trans- 
[Ir(CO)( MeCN)( PPh3)2]2- 18-crown-6) [ PF6I2-2CH2Cl28 and 
[(COCPh3)2-18-crown-6]-2(MeCN)9 although the hydrogen 
atoms were not located. At -150°C a reorientation of the 
hydrogen bonds in 18-crown-6.2(MeNO2) is observed and 

Figure 1. Crystal and molecular structure of dibenzo- 18-crown- 
6.2(MeCN). The close methyl hydrogen - - - oxygen contacts are 
indicated with line bonds. Important average distances and angles for 
the crown ether include 0-C(alky1) 1.42(1); 0-C(ary1) 1.36(2); 
C-C(alky1) 1.49(2) A; 0-C-C-O(alky1) all 'gk;' C-C-0-C all 'a,' The 
torsion angle defined by C(23)-C(24) - . - C(22)-C(21) is 167". 

t For Part 1 of the series Neutral Molecule/Crown Ether Interactions 
see ref. 7. 

only two hydrogen atoms per methyl group interact with the 
crown ether.10 In most of the above, the contact distances 
between the hydrogen donor atom and all the crown ether 
oxygen atoms are nearly equivalent. This and the presence of 
two different types of ethereal oxygen atoms in dibenzo-18- 
crown-6 make the study of specific H - - - 0 interactions in 
neutral molecule complexes of this crown an exciting area. 

The crystallization of solvent complexes of dibenzo-18- 
crown-6 is apparently competitive with either direct co- 
ordination to metal ions or crystallization as a hydrogen 
bonded moiety to solvent or water co-ordinated to the metal. 
Dibenzo-18-crown-6.2(MeCN) crystallized from several reac- 
tion mixtures of MC13-nH20 (M = lanthanide) and the crown 
in a 1 : 3 solvent mixture of MeOH and MeCN. Solutions were 
heated for 2.5 h at 60"C, slowly cooled, and stored at 5°C. 
Crystallization took from 1 day to 2 weeks. The X-ray analysis 
of this complex was carried out on a crystal grown from a 
dibenzo-18-crown-6 (10 mmo1)-acetonitrile (50 ml) solution 
(treated as above). + The cell parameters of crystalline samples 
from several different reaction mixtures were identical. 
Crystals of this complex are stable indefinitely at room 
temperature in the presence of the solvent; however, they turn 
opaque and lose their crystallinity within 5 min of removal 
from the solvent. X-Ray data were collected at -150 "C and 
no decomposition was observed at this temperature. 

The solid state structure of dibenzo-18-crown-6.2(MeCN) is 
presented in Figure 1. The methyl hydrogen atoms were easily 
locatable and their positional parameters were refined. The 
structure consists of discrete 2 : 1 complexes with no interac- 
tion between symmetry related molecules. Hydrogen atom 
orientation suggests that two hydrogen atoms from C(22) 
participate in very weak bifurcated hydrogen bonds exclu- 
sively with aryl ether oxygen atoms of the crown and not the 
more basic alkyl ether oxygen atoms. The H 0 contacts 
range from 2.57(6) to 2.61(5) A. Two of the H[C(24)] atoms 
also have their closest contacts with aryl ether oxygen atoms, 
each with one contact near those found for H[C(22)] * . 0 

- 

$ Crystal data: dibenz_o-18-crown-6.2(MeCN), C2,,HZ4o6.2C2H3N, 
triclinic, space group P1 (at -150°C): a = 9.458(6), b = 9.570(5), c = 
14.404(5) A, (Y = 73.18(4), p = 79.85(5), y = 66.82(6)", U = 1144 A3, 
2 = 2, D, = 1.28 g cm-3,2951 Independent observed reflections [ F a  
5o(F)] measured on a CAD4 diffractometer using Mo-K, radiation 
were used in the refinement. The structure was solved using the direct 
methods program MULTAN.12 Methyl hydrogen atoms were located 
on a difference Fourier map and refined with B fixed at 3.2 A2. 
Anisotropic refinement of non-hydrogen atoms led to R = 0.105. 

Dibenzo-1 8-crown-6.2(MeN02), ~OH2406.2(CH3N02),  mono- 
clinic, space group P2Jc, (at -150°C): a = 9.573(2), b = 14.636(2), 
c = 33.471(7) A, p = 93.77(2)", U = 4679 A3, 2 = 8, D, = 1.03 g 
~ m - ~ .  Data were measured and collected (4316 observed reflections) 
as for the previous compound. Anisotropic refinement of non- 
hydrogen atoms and full isotropic refinement of the methyl hydrogen 
atoms led to R = 0.054. Atomic co-ordinates, bond lengths and 
angles, and thermal parameters have been deposited at the Cam- 
bridge Crystallographic Data Centre. See Notice to Authors, Issue 
No. 1. 
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Figure 2. Crystal and molecular structure of dibenzo-18-crown-6.2(MeN02). The two crown ether molecules with 0(7)--0( 12) indicated are 
related by a unit translation along b. Important average distances and angles include: 0-C(alky1) 1.431(6); 0-C(ary1) 1.372(4); C-C(alky1) 
1.496(3) A; 0-C-C-O(alky1) all 'gk;' C-C-0-C all 'a.' The planes defined by the nitromethane molecules intersect at angles of 33" [N(1)/ 
N(2)] and 72" [N(3)/N(4)] with each other and angles of 43 [N(l)], 65 [N(2)], 45 [N(3)], and 72"[N(4)] with the mean planes defined by the six 
oxygen atoms of each crown molecule. 

separations [2.62(5), 2.57(6) A] and one much longer [2.71(5), 
2.93(5) A]. All the H - - 0 contacts are near to or greater 
than the van der Waals contact distance of 2.60 A and all are 
much larger than the H(Me) . ~0 contacts of 2.30,2.45, and 
2.35 8, observed for 18-crown-6-2(MeN02)12 (22 "C). (This 
may explain the instability of the MeCN complex out of its 
solvent environment.) It is interesting that one hydrogen 
from each methyl group is directed away from the crown 
even though O(2) and O(5) are available for hydrogen 
bonding, and that the closest C . - - 0 contacts for each methyl 
group are C(22) - - - O(5) 3.270(8) A and C(24) - . - O(2) 
3.330(8) A. Average of all C - . 0 contacts: 3.40(7) [C(22)] 

Dibenzo-18-crown-6.2(MeN02) was crystallized from a 
solution of 0.4 mmol of crown ether in 10 ml of MeN02. The 
solution was gently heated (60°C; 1 h), slowly cooled, and 
stored at 5°C. Clear plate-like crystals grew slowly over a 
period of 3 days from solution. Crystals of this complex 
behaved similarly to those for the acetonitrile complex. They 
are stable indefinitely in solution, but lose crystallinity (and 
presumably solvent) when removed from the solvent. 

An ORTEP view of the structure determined by X-ray 
analysis at -150°C is shown in Figure 2.12 The methyl 
hydrogen atoms were fully refined. There are two indepen- 
dent formula units in the asymmetric unit. The two are 
associated to form a hydrogen bonded chain along b via 
H(l)[C(41)] . - - O(11) [crown alkyl oxygen, 2.41(4) A] and 
H(2)[C(42)] * . O(20) [nitromethane oxygen, 2.59(6) A] 
interactions. The remaining C(41) and C(42) hydrogen atoms 
interact with the aryl oxygen atoms exclusively. The 
H(2)[C(41)] - * . 0(1) contact is stron [1.97(4) A]; there 

and 3.43(8) B [C(24)].} 

are two others at 2.41(5) and 2.45(4) R and one bifurcated 

hydrogen bond between H(3)[C(42)] and O(3) and O(4) 
[2.67(7), 2.70(6) A, respectively]. Hydrogen atoms bonded to 
C(43) and C(44) interact exclusively with O(7)-O( 12), the 
contacts ranging from 2.55(4) to 2.97(4) A. The latter is the 
closest contact to H(l)[C(44)] and may be indicative of little or 
no interaction for that hydrogen atom. 

An analysis of methyl group contact distances reveals some 
other interesting features. The benzene rings are folded 
towards C(41) and C(43) and these atoms appear to exhibit 
closer C - - 0 contacts [3.29(8), 3.35(5) A] than C(42) and 
C(44) [3.43(9), 3.5(1) A]. This is presumably due to axial 
hydrogen (crown) steric interaction outside the crown 
'envelope.' The through-the-ring C - - - C contact between 
C(41) and C(42) [3.805(6) A] is much less than that observed 
for C(43) - - . C(44) [4.079(7 A] and that in dibenzo-18- 

strongest C-H - - - 0 interaction, is only 1.77 A from the 
mean plane of the six ether oxygen atoms compared to 2.03, 
1.91, and 2.16 A for C(42), C(43), and C(44), respectively. 

Despite the various weak interactions between the solvent 
and the crown ether, there are no significant differences in the 
dibenzo-18-crown-6 moieties themselves. The torsion angles 
and bond distances and angles are all internally consistent with 
complexed dibenzo-18-crown-6 structures in the literature; 
however, even the weak hydrogen bonds found in the title 
complexes are sufficient to stabilize a conformation slightly 
different from that of the uncomplexed ether.11 The inability 
of dibenzo-18-crown-6 to adopt different conformations with 
various solvent guests doubtless plays a role in the instability 
of these complexes and their resulting, rather intricate, 
structure of extremely weak hydrogen bonds. 
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