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Abstract 

Structure of diprotonated, hydrated podand cation or hydronium ion complex? The title compound 
2 represents the first example of a possible hydronium ion complex with an acyclic bis(quinolyl)- 
terminated oligoether. The molecule assumes a helical conformation, stabilized, in addition to intra- 
and intermolecular base stacking interactions, by two sets of bridging hydrogen bonds. The latter 
cannot unequivocally be formulated as either N. . .H-0H2+ or N-H+. . *OH*. 

Introduction 

In view of the well known proton solvating ability 
of macrocyclic polyethers [l, 21, structural details of 
such systems are of growing interest, as exemplified 
by the molecular structure of a hydronium ion com- 
plex of a tetracarboxy-l&crown-6 ether [3]. On the 
other hand, the proton solvating capacity of linear 
oligo- and polyethers (glymes) has been found to 
be considerably less pronounced than that for certain 
of the cyclic analogues [2, 41. The incorporation of 
a variety of rigid terminal groups into acyclic oli- 
goethers leads to enhanced complex stability (the 
‘terminal group’ concept [S]), as is adequately dem- 
onstrated by the numerous crystal structures of alkali 
metal cations, and neutral organic guest mol- 

ecule complexes [6, 71. Clearly, basic terminal groups 
(e.g. quinolyl), may be expected to profoundly in- 
fluence the proton binding affinity of these podands. 
This prediction is remarkably confirmed by the re- 
action of 1,8-bis(quinolyloxy)-3,6-dioxaoctane (1) 
with [CO(H~O)~](BF& in acetone/chloroform mix- 
tures, to yield the title compound 2, the crystal and 
molecular structure of which is described here. 

*Author to whom correspondence should be addressed. 

Experimental 

Preparative methodr 

The podand 1 was prepared by published methods 
[8], while suitable, iridescent yellow crystals of 2 
were obtained on slow evaporation of a chloro- 
form-acetone (10 + 4 vol./vol.) solution containing 1 
and a slight excess of [Co(H,0)6](BF.&. Anal. Calc. 
for Cz4H3,,N206BZFs: C, 46.8; H, 4.9; N, 4.6. Found 
for 2: C, 46.5; H, 4.8; N, 4.6%. Melting point 87-89 
“C. 

X-ray crystal shucture determination 

X-ray analysis was carried out on an Enraf-Nonius 
CAD4 diffractometer, using MO Kcr (A= 0.7107 A) 
radiation. Cell parameters were obtained from least- 
squares analysis of the setting angles of 24 reflections 
in the range 16” < 0< 17”. During data collection, 
intensities of 3 reference reflections were monitored 
every hour, while re-centering was checked after 
every 100 measured reflections. Lorentz-polarization 
and empirical absorption corrections (program EAC 
Enraf-Nonius) were applied. Crystal and other rel- 
evant experimental data are given in Table 1. 

Structure determination 
The structure was determined using the direct 

methods routine of SHELXS-86 [9] and refined by 
full-matrix least-squares techniques (SHELX-76 
[lo]), to R = 10%. The disordered BF4- anions were 
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TABLE 1. Summary of crystal data, experimental and final 
refinement parameters for compound 2 

Cytal data 
Molecular formula 
Molecular weight (g mol-‘) 
Crystal system 
Space group 

a (A) 
b (A) 

CrJ&NGBrFs 
616.12 
monoclinic 

p2, 
7.014(2) 

c (A) 

12.260(3) 
16.657(2) 

P (” 
8. 

97.08(l) 

V( 3, 1421(l) 
Z 2 

D, (g cme3) 1.44 
p (MO Ka) (cm-‘) 1.46 
F(OOO) 636 

Data collection 
Crystal dimensions (mm) 0.23 x 0.38 x 0.38 
Scan mode +2e 
Scan width in o (“) (0.90 + 0.3.5tanB) 
Aperture width (mm) (1.12+ 1.05tanB) 
0 Range scanned (“) l-25 
Intensity decay (%) 1.2 
No. unique reflections collected 2252 
No. observed reflections, N, with 1674 

I,,, ’ 2a(kI) 

Final refinement 
Residual electron 0.48/- 0.38 

density, max./min. (e k’) 
No. parameters 252 

R =CllFoI - IFcllWol 0.105 
R,= WnlpO[ - ~F$%v~‘*~F,I 0.100 
Weighting scheme, w (&F)-’ 

modelled as two offset rigid tetrahedra (site occu- 
pancy factor 0.6 and 0.4) with the boron atoms 
superimposed (site occupancy 1). The disorder dis- 
played by the BF4- anions is responsible for the 
high temperature factors of the B and F atoms, the 
residual electron density near the BF,- groups (-4 
e A-‘) and also the high overall residual of the 
structure. The available number of data points al- 
lowed only the atoms in the ethyleneoxy chain to 
be treated anisotropically. Other details of the final 
refinement are given in Table 1. The fractional atomic 
coordinates and thermal parameters for all non- 
hydrogen atoms are listed in Table 2. Complexneutral 
atom scattering factors were taken from Cromer and 
Mann [ll], while dispersion corrections were ac- 
cording to Cromer and Liberman [12]. Drawings 
were generated using PLUTO [13]. 

Results and discussion 

The structure of 2 is remarkable in that the 
molecule is stabilized in the observed helical con- 

formation by two sets of bridging hydrogen bonds, 
in addition to significant intramolecular base stacking 
interactions. As is evident from Fig. 1, three distinct 
setsofhydrogenbonds(N--.O,O...O,F*..O<2.9 
A) appear to lock the molecule into the observed 

TABLE 2. Fractional atomic coordinates (X 104) and ther- 
mal parameters (A* x 103) for non-hydrogen atoms with 
e.s.d.s. in parentheses for compound 2 

Atom x/a y/b 

NW) 
CW) 
cw 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
O(11) 
C(l) 
C(2) 
O(3) 
C(4) 
C(5) 
O(6) 
C(7) 
C(8) 
O(21) 
N(21) 
C(21) 
C(22) 
~(23) 
C(24) 
~(25) 
C(26) 
~(27) 
C(28) 
~(29) 
O(1) 
O(2) 
B(1) 
F(11) 
F(12) 
F(13) 
F(14) 
F(llA)b 
F(12A) 
F(13A) 
F( 14A) 

B(2) 
F(2l) 
F(22) 
~(23) 
~(24) 
F(21A)b 
F(22A) 
F(23A) 
F( 24A) 

5642(13) 6008(11) 
6183(20) 6721(13) 
6279(22) 7850(15) 
5861(21) 8167(16) 
5295(20) 7442(14) 
5170(17) 6319(12) 
4773(22) 7747( 15) 
4297(21) 6965( 16) 
4163(21) 5860(15) 
4598( 18) 5552( 11) 
4466( 11) 4520(O) 
3842(22) 3675( 12) 
3578(19) 2675(12) 
5448(12) 2311(9) 
5378(21) 1452(12) 
7282(18) 1204(13) 
8059(12) 2184(10) 

10005(20) 2093(14) 
10747(18) 3199(14) 
10517(12) 3921(9) 
9855(14) 5131(H) 
9423(21) 5702(15) 
9790(22) 6833(16) 

10368(19) 7337( 14) 
10705(20) 6793(14) 
10440(17) 5631(12) 
11360(20) 7235(15) 
11608(21) 6670(15) 
11430(19) 5499(13) 
1085508) 4983(13) 

10554(30) 6157(14) 

8672(13j 307OjlOj 
5662( 12) 4030( 10) 
6434(18) 4900(13) 
6481(19) 4782(13) 
5445(22) 4057( 13) 
5836(21) 5933(12) 
8274(23) 4710(17) 
4538(23) 4578(21) 
7478(35) 4284(29) 
7411(30) 4884(18) 
6759(30) 5824( 16) 
9902(21) 5125(13) 
9927(22) 6142(12) 
9798(26) 4340( 14) 
8581(20) 4950(15) 

11705(21) 4880(18) 
10865(30) 4347(15) 
9750(29) 5046(19) 
8039(28) 5013(22) 

7865(6) 50(3) 
8460(9) 71(4) 
8238( 10) 85(5) 
7510(10) 86(5) 
6860(9) 69(4) 
7073(7) 48(3) 
6043( 10) 88(5) 
5453(U) 94(5) 
5690(9) 82(5) 
6466(g) 5l(3) 
6752(5) 52(3) 
6203(9) 72(6) 
6692(9) 67(6)” 
7054(6) 69(4)” 
7605(9) 76(7) 
7985(9) 71(6) 
8401(6) 68(4)” 
8655( 10) 78(7) 
8952(g) 68(7) 
8259(6) 62(4)” 
6941(7) 54(3) 
6247(9) 79(5) 
6318(11) 89(5) 

4249( 15) 82(9) 

6968(9) 71(4) 
7695(9) 67(4) 
7659(g) 49(3) 
8423( 10) 79(5) 
9089( 10) 80(5) 
9086(8) 60(4) 
8355(g) 55(4) 
6461(5) 70(3) 
8520(6) 70(3) 
543(8) 76(5) 

1364(6) 67(4) 
151(8) 98(5) 
367(9) 97(5) 
354(H) 137(7) 
391(15) 118(9) 

50(14) 163(14) 
1314(g) 79(7) 

129(11) 87(7) 
4056(g) 98(7) 
4395(9) 79(5) 
4649(g) 109(6) 
3405(g) 102(5) 
3823(H) 153(S) 
4484( 10) 81(7) 
3237(g) 8l(7) 
4292(14) 137(10) 

‘lJcq = l/3 (trace of the orthogonalized U, matrix). bA 
refers to alternative orientations of BF,-. 
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Fig. 1. Structure of 2 including two disordered BFI- 
for clarity). 

anions; hydrogen bonds indicated by dashed lines (H atoms omitted 

conformation. These observations raise the pertinent 
question of whether it is more appropriate to consider 
2 to be a bis(hydronium ion)-podand complex or 
simply a hydrated diprotonated tetrafluoroborate 
salt of 1. In the case of N(ll)...H..*0(2) 
(2.66(2) A), N(21). . .H. . .0(l) (2.75(2) A), 
O(2). . .H- . .0(6) (2.84(2) A) and O(1). . .H 
. . .0(3) (2.74(l) A), approximate positions for the 
H atoms have been located by means of difference 
Fourier maps. Nevertheless, in view of the unfor- 
tunate disorder displayed by the BF,- anions, at- 
tempts to refine the model including these H atoms 
proved fruitless. Furthermore, it was not possible to 
locate the H atoms inferred to exist between the 
definite oxygen-fluorine interactions O(2) * . .H 
. . eF(12) (2.74 A) and O(l)...H*..F(24A) (2.71 
A). Thus given the present data, it is not possible 
to unequivocally formulate the bridging hydrogen 
bonds as either NV . .H-OH,+ or N-H’ . . . OHz. 

Inspection of the conformation of the ethyleneoxy 
fragments shows that the C-C-O-C and C-O-C-C 
torsion angles are tram (mean 173”, range 169-178”), 

while the O-C-C-O fragments assume a gauche 

configuration (mean 64”, range 60-69”). These torsion 

angles compare well with previously observed values 

in analogous linear oligoether alkali metal cation 

complexes [14], as well as in the bis[(8-quinolyl- 

oxy)ethoxyethyl]ether-thiourea complex [7]. Evi- 

dently such an arrangement represents a favoured, 

strainfree conformation. All other bond lengths and 

bond angles fall within the expected ranges (Table 

3). 
It is noteworthy that the conformation assumed 

by 2 allows for significant intra- and intermolecular 

stacking interactions between the quinolyl moieties 

(3.4 A). This results in the formation of chains of 

either left or right-handed helices interspersed with 

BF4- anions as is evident in Fig. 2. (The absolute 

configuration of the helices could not be determined 
unambiguously.) The pronounced intra- and inter- 

molecular stacking observed in 2 has not to our 
knowledge been previously reported for similar quin- 
01~1 podand complexes [6, 7, 141. A certain degree 
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TABLE 3 Bond distances (A), bond angles (“) and torsion angles (“) along the ohgoether cham of compound 2 

A B C D B-C A-EC A-EC-D* 

(A) (“) (“) 

C(l1) Wll) C(15) C(l9) 137(2) 123( 1) - 180( 1) 

N(l1) C(15) C(19) O(l1) 140(2) 121(l) 4(2) 
C(15) C(19) O(l1) C(1) 136(l) 113(l) 178( 1) 

C(19) O(l1) C(l) C(2) 142(2) 119(l) -172(l) 

W1) C(1) C(2) O(3) 15012) 107( 1) -69(l) 
C(1) C(2) O(3) C(4) 1 45(2) 108(l) 173(l) 

C(2) O(3) C(4) C(5) 140(2) 114(l) -175(l) 

O(3) C(4) C(5) O(6) 144(2) 110(l) 60(2) 
C(4) C(5) O(6) C(7) 146(2) 108( 1) -169(l) 

C(5) O(6) C(7) C(8) 138(2) 112(l) 171(l) 

O(6) C(7) C(8) O(21) 151(2) 108( 1) - 64(2) 

C(7) C(8) O(21) C(29) 145(2) 107( 1) 173(l) 

C(8) O(21) C(29) C(25) 133(2) 120( 1) - 175( 1) 

O(21) ~(29) C(25) N(21) 141(2) 116(l) -O(2) 
C(29) C(25) N(21) C(21) 136(2) 119(l) 180(l) 

“The torsion angles are defined as follows m a molecular fragment -A-B-C-D-, the torsion angle about the B-C bond 
IS the dihedral angle between the planes defined by A-EC and B-C-D The stram free values of these angles are f 180 
(trans) or &60” (gauche) 

Fig 2 A proJectIon of the molecular packmg of 2 viewed 
along the b axis, showmg the Inter- and mtramolecular 
base stackmg mteractlons between the qumolme groups 
Only the BF,- groups of higher occupancy are shown for 
clarity 

of mtramolecular stacking does however occur m 
the brs[(Z-methyl-8-qumolyloxy)ethoxyethyl]ether- 
RbI complex [lS], whrle mtermolecular stackmg (3 4 
A) mvolvmg the qumohne heterocycles of adJacent 
molecules, 1s evident m the structure of brs[(&qum- 
olyloxy)ethoxyethyl]ether-RbI complex [16] 

The unexpected tsolatton of 2 on attempting to 
prepare Co(I1) complexes with the podand 1, clearly 
htghhghts a consequence of the mtroductton of a 
relatively baste terminal group We suggest that the 
qumolyl motety Induces hydrolysis of the hexaaquo- 
cobaltous ton to yield mter alla, 2 In contrast, we 
have found that the analogous podand, 1,8- 
brs(qumolyloxy)-3,6-dtthtaoctane (3), readrly forms 
stable cobalt(I1) and copper(I1) complexes under 
stmtlar condtttons, despite our findmg that the 
Bronsted bastctty of the qumolyl groups of 1 and 3 
are essenttally mdtstmgutshable m drmethyl sulfoxtde 
(log Kr=ll 72, 1169 and log K,=422, 4 15, re- 
spectively) [17] We shall report on these details 
elsewhere 

Supplementary material 

Addrttonal crystallographtc data, bond lengths and 
angles are available from one of the authors (K R K ) 
on request Arrangements to depostt this material 
at the Cambrtdge Crystallographtc Data Centre ~111 
also be made 



Acknowledgements 

We thankDr M. Niven for the X-ray data collection. 
Financial assistance from the F.R.D. and the Uni- 
versity of Cape Town is gratefully acknowledged. 

References 

J. Jagur-Grodzinski. Isr. J. Chem., 25 (1985) 39. 
H.-J. Buschmann, Polyhedron, 6 (1987) 1469; Inorg. 
Chim. Acta, 118 (1986) 77. 
J.-P. Behr, P. Dumas and D. Moras, J. Am. Chem. 
Sot., 104 (1982) 4540. 
E. Shchori and J. Jagur-Grodzinski, J. Am. Chem. Sot., 
94 (1972) 7957. 
F. V6gtle and H. Sieger, Angew. Chem., 89 (1977) 410; 
Angew. Chem., Int. Ed. Engl., 16 (1977) 396. 
F. Vogtle and E. Weber, Angew. Chem., 91 (1979) 813; 
Angew. Chem., Znt. Ed. Engl., 18 (1979) 753. 

10 

11 

12 

13 

14 

15 

16 

17 

81 

G. Weber and W. Saenger, Actu Crystallogr., Sect. B, 
36 (1980) 424. 
B. Tiimmler, G. Maass, E. Weber, W. Wehner and F. 
Vogtle, /. Am. Chem. Sot., 99 (1977) 4683. 
G. M. Sheldrick, in G. M. Sheldrick, C. Kruger and 
R. Goddard (eds.), Crystallographic Computing, Oxford 
University Press, London, 1985, pp. 175-189. 
G. M. Sheldrick, in H. Schenk, R. Olthof-Hazekamp, 
H. von Koningsveld and G. C. Bassi (eds.), Computing 
in Crystallography, Delft University Press, The Neth- 
erlands 1978, p. 34. 
D. T. Cromer and J. B. Mann, Actu Cqvtullogr., Sect. 
A, 24 (1968) 321. 
D. T. Cromer and D. Liberman, .I. Chem. Phys., 53 
(1970) 1891. 
W. D. S. Motherwell, PLUTO, program for plotting 
molecular and crystal structures, Cambridge University, 
U.K., 1989. 
W. Saenger, I. H. Suh and G. Weber, Isr. J. Chem., 
18 (1979) 253. 
G. Weber and W. Saenger, Acta C?ystallogr., Sect. B, 
35 (1979) 1346. 
W. Saenger and H. Brand, Acta Crystallogr., Sect. B, 
35 (1979) 838. 
K. R. Koch and C. Sacht, unpublished results, 1989. 


