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For both structures all hydrogens were located in difference 

Fourier syntheses. The structures were refined by least-squares 

methods (OWLS ''1 ; scale factor, isotropic extinction parameter, 

position parameters, anisotropic thermal parameters for non-H- 

atoms, isotropic thermal parameters for H) to final weighted 

R-factors of 6.1% for 1. uronium nitrate (1:l) and 5.6% for 2. 

Crystal Structure of 18-Crown-6 Uronium Nitrate (1:l) and 

Benzo-27-Crown-9 Uronium Perchlorate (1:l) 

Jos W.H.M. Vitemijk: Sybolt Harkema, David N. Reinhoudt, 
Kari Daasvatn, Herman J. den Hertog Jr. and Jan Geevers 

As part of our work aimed at the synthesis of molecular receptor 

molecules for urea we have recently described the first crystal- 

line complex of urea with a laacrccyclic polyether v i a .  18-crm-6 

( A )  c1721. Single-crystal X-ray analysis revealed that in this ad- 
duct with a stoichiomtry of 5:l only two urea molecules are co- 

ordinated, via two N-H... 0 hydrogen bonds, to the macrocycle which 

has in the complex a centrosymmetrical ag'a ag+a g+g+a conforma- 

tion "I. 

We are currently investigating whether the stability of complexes 

of urea can be enhanced by protonation which is known to occur at 

the oxygen atomC5'. Complexes of 1 with uronium nitrate (l:l), 
uronium picrate (1:l) and uronium p-toluenesulfonate (1:21 werepre- 

In the first place both structures show that complexation does 

not affect the site of protonation in urea. A very interesting 

feature of the structure of 1.uronium nitrate (1:l) is the rather 

unusual conformation of the polyether ring (ag+a ag-a ag+g+ ag+a 

ag-a ag+g+) which differs both from the centrosymmetric conforma- 

tion of the macroring in the 1.urea (1:5) complex (ag+a ag+a 

q+g+a)C91 and from the centrosymmetric conformation of the crown 

in the 1.S-tort-butylthiouronium perchlorate (1  :2) complex (ag+a 

ag-a ag+a) ["' ~ The conformation of the ring in the &.uronium 

nitrate (1:l) complex has been found before in the l:l complexes of 

?. with Nd(N0313'121 and with La (ND3)J131, but has not been ob- 

served previously b complexes of 1 with organic salts 'I4'. 
In the 1.uronium nitrate (1:l) complex there are three N-H"'O 

hydrogen bonds, namely between the uronium cation and the O(1). 

O(21  and O(4) oxygen atom of the macroring. This type of bonding 

can be regarded as a combination of the hydrogen bonding present 

in the i.urea (1:5) complex with bonding via two a d j a c e n t  oxygen 

atOmsC'l and in the 1. S-tert-butylthiouronium perchlorate (1:Z) 
complex with bonding via two alternatrng oxygen 

three hydrogen bonds between the host and guest force the crown 

ether in such a conformation that both faces of the macroring 

The 
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pared by dissolving 1.5 m l  of 1 and 1.0 nun01 of salt in the mini- 

mum amount of refluxing methanol. After the addition of twice the 

volumc of chloroform the complexes were precipitated by the ad- 

dition ofdiethyl ether. Recrystallyration fromethyl acetate/=- 

have very different coordinating properties (figure 1). This 

prevents complexation of a second molecule at the opposite face 

of the macroringC'41. 

thanol yielded the analytical pure complexes in 50-60 % yield. 

The l:1complexofbenzo-Z7-crown-9 (2) withuroniumperchlorate was 
vrepared inadifferentway, v i a .  by equilibrationof asolutionof 

300 mgof 2 in2 mlchloroformwitha solutionof 3OOmgureain 2m1208 
p.rchloric acid. After separation of the layers, drying over mag- 

nesium sulphate and evaporation of the chloroform, the crystal- 

line product was purifiedbytriturationwithchloroform. The crys- 

tal and molecular structure of two complexes, v i s .  I.UrOnium 

nitrate (1:l) at 168 K and 2. uronium perchlorate (1:l) at 269 K 

ware determined by X-ray crystallography using a Philips PW 1100 

diffractmeter. 

Cryatal data'". 1. uronium nitrate (1:l): C13H29010N3, mono- 

clinic, space group P21/n, a - 20.304(9), b = 11.604(6), C = 

8.iaio) i, E = 93.95(4)0, z = 4, v = 1922.9 

p = 1.00 cm-'. 3518 reflexions were measured (0-28 scan mode, 

e < 65O. graphite mnochromated Cu Ka radiation), of which 3185 

with I .a(I) 

direct methods (MULTAN"] ) . 
2 .  uronlun perchlorate (1:1):C23H41C1014N2, triclinic. space 
group Pi, a = 13.866(5), b - 12.585(7), c = 9.926(6) A, a=99.59(3). 
6 = 74.91(6), Y - 116.52(3)O, Z = 2, V = 1493.9 

y - 0.20 cm-'. 5253 reflexions were measured (u-2B scan mode, 

e < 2S0, graphite mnochromated n0 KO radiation), of which 3145 with 

I D ~ ( 1 )  (counting etatistics) were uaed for the solution by- direct 

mathob (IRILTAU~'] ) . 

i3, DC-1.34 g.~m-~, 

(counting statistics) were used for the solution by 

i3, Dc-1.35 g.cn-3, 
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In the 2.uronium perchlorate (1:l) complex the binding between 

host and guest is completely different from the situation described 

above. The cation is totally encapsulated within the macrocycle 

with its molecular framework almost coincident with the best plane 

defined by the crown oxygens. The polyether ring has the confom- 

tion asa ag-g- ag+a ag-a ag-g- ag+a ag-a ag-9- g-g-a, where -8" 

(synperiplanar) denotes the torsion angle of almost Oo, imposed by 

the benzo-substituent. 

All five uronium hydrogen atoms are used for hydrogen bonding 

to crown oxygens (figure 2). It is interestingtonote that theoxygen 

atom adjacent to the benzo-substituent are not used in hydrogen 

bonding, possibly as a result of the electron-withdrawing effect 

of the benzo group. Although the Conformation of the macwring is 
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rather different from the conformation in the isoelectronic 2. 
guanidinium perchlorate (1: 1) complexC163 (asa ag'a 9-9-9- ag-a 

ag-g- ag+a g+g+a ag-a ag-a) , the positions of the crown oxygens 
not adjacent to the benzo-ring are quite the same relative to the 

central cation. The m s t  pronounced difference is the "howl"- 

shaped structure of the crown in the guanidinium complex, compared 

with a much flatter uronium complex (figure 2). presumably a re- 

sult of the sixth hydrogen bond in the guanidinium complex. 

Figure 2. Top and side View (ORPEPCIS') Of the bUIz0-27-cr0m-9,~mni~m per- 
chlorata ( 1 : l I  mplex. Bydrcgen bonds are Micared. 

The results presented in this paper demonstrate that in the com- 

plexes of crown ethers with polyfunctional organic cations the 

macroring can adopt a number of different conformations, varying 

with the type of cation and with the ndture of the anion of the 

salt c14*161. The two structures determined show two different kinds 

of bonding between host and guest. In the smaller ring (18-crown- 

6) the intramolecular cavity i s  too small to accomodate the uro- 

nium ion. In this case three N-H. . .  0 hydrogen bonds are fornmd 
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between the uronium ion and the macrocycle. Furthermore a N-H...O 

and a short MI-. -0 (2.68 d) hydrogen bond are present between 
cation and anion, indicating an appreciable interaction between 

these lons. In the larger ring (benzo-27-crown-9) the cation is 

completely encapsulated by the macrocycle. All hydrogen bonds 

present are between cation and macrocycle including a short O-H...O 

hydrogen bond of 2.53 A "". The results of these structure deter- 

minations are in accordance with a much higher lipophilicity of 

the *encapsulated" complex compared with the "nesting" conforma- 

tion of the i.uronium nitrate (1:l) complex. Conaequontty t h e  

benao-27-crown-9 ( 2 )  i 8  oapabta of t r a n a f e r i n g  the  uroniunt a o t t  

v i r t u a t t y  comptetsll( t o  t h e  chtoroforn t a y e r .  In the absence of 2 
no uronium perchlorate is transferred from the aqueous to the or- 

ganic phase. This information will be utilized in the synthesis 

of specific molecular receptor molecules with built-in acid groups 

for urea. 
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