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Three preorganized metallomacrocycles (9a-c) have been prepared 
with an immobilized uranyl cation (UOZ2+) as an electrophilic cen- 
ter. The macrocyclization in MeOH was accomplished starting 
from the dialdehyde 7 and the diamines lla-c using Ba2+ as tem- 
plate ion. Subsequently the Ba2+ complexes 8a-c were reacted with 
1 equiv of UO,(OAC)~ to give the uranyl complexes 9a-c in 70-80% 
yield. The association constants of the complexes 9a-c with ammo- 
nia, benzylamine, and n-propylamine, determined by 1H NMR 
spectroscopy in CDCI,, range from 20 to 990 hnol-l. The highest 
selectivity for ammonia was observed for 9b (Kass(NH3):Kass 
(BnNH,) = 33). Molecular mechanics calculations., performed us- 
ing QuantdCHARMm, predict that the substitution of the com- 
plexed water molecule in the uranyl complex 9a by ammonia is 
thermodynamically the most favorable. 

INTRODUCTION 

Since the first publication on crown ethers and their in- 
teraction with guest species’ many publications on com- 
plexes of (alky1)ammonium salts and synthetic hosts 
have appeared.2 In sharp contrast is the small number of 
studies on the complexation of ammonia (NH,) or (pri- 
mary) amines. Stoddart and others3 have investigated the 
second sphere coordination of crown ethers to ammonia 
that is complexed to boron derivatives or transition metal 
ions. These second sphere interactions lack selectivity. 
Reetz and co-workers4 have recently described an ele- 
gant approach in which a boron center was incorporated 
in a crown ether to provide both an electrophilic center 
for coordination of the lone pair of amines and oxygen 
donor atoms for the formation of hydrogen bonds. 
However, these receptors are not highly preorganized.5 
Previously, we have demonstrated that a uranyl cation 
(UOz2+), immobilized in metallomacrocycles,6 can be 

*Corresponding author. 

used for the complexation of polar neutral guests like 
urea (derivatives), amides, and barbiturates. Ring-size 
selectivity has been observed in a number of cases. The 
incorporation of the uranyl cation in metal lo cleft^^ pro- 
vides receptors for the complexation of species like 
pyridines and isoquinolines. So far our metallomacrocy- 
cles were either too large or too flexible to achieve selec- 
tivity for ammonia over (primary) amines. Therefore, we 
decided to synthesize metallomacrocycles with an im- 
mobilized uranyl cation and a small highly preorganized 
cavity that has additional sites for hydrogen bonding (see 
Chart). Based on the 2,2’,2”-trimethoxyterphenyl unit, 
which is well known for its degree of preorganization,5 
CPK models indicate that the cavity can accommodate 
ammonia or the polar part of a primary amine. The syn- 
thesis, complexation behavior, and molecular mechanics 
calculations of three new metallomacrocycles will be de- 
scribed. 

RESULTS AND DISCUSSION 

1. Synthesis 
The synthesis of the dialdehyde 3 has been reportedga via 
methylation of terphenyl 1, followed by formylation 
(Scheme 1). We found it more convenient to synthesize 
first the dialdehyde 2 by formylation using hexamethyl- 
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178 FRANK C.J.M. VAN VEGGEL ETAL 

enetetramine in CF,COOH, followed by methylation 
with dimethyl sulfate in  acetonitrile under basic condi- 
tions. The conversion of the dialdehyde 3 via 4 into the 
dibromide 5 has been performed as described.8b The syn- 
thesis of 7 has been published9 starting from 5 and 2,3- 
dihydroxybenzaldehyde in only 23% yield. The two-step 
synthesis via 6 gave an overall yield of 67%. Reaction of 
the dibromide 5 with the protected 2,3-dihydroxyben- 
zaldehyde under basic conditions provided the di- 
aldehyde 6 i n  84% yield. Deallylation using 
Et,N/HCOOH and Pd(OAc), afforded the dialdehyde 
7, which was subsequently cyclized to the Schiff bases 
8a-c by reaction with an appropiate diamine (lla-c). The 
macrocyclization was promoted by using Ba(CF,SO,), 
as template sa1t.l The Ba2+ complexes 8a-c all showed 
the [M-CF,SO,]+ peak in the FAB-MS spectra. The loss 
of one triflate anion is characteristic for these types of 
complexes. The properties of the Ba2+ complex 8a have 
been described.9 The IH NMR spectrum of 8b showed 
the expected imine absorptions at 6 8.25 and 8 20 ppm 
and the AB systems for the benzylic protons at 6 5.57, 
4.76 and 5.43, 4.90 ppm ( J  = 1 1  .O Hz). The NCH, ab- 
sorption was observed as an AB system at 6 3.79 and 
3.68 ppm (J = 13.1 Hz). Compound 8c was obtained as a 
mixture of conformers in a ratio of 2 to 1. The spectral 
data are similar to those of 8b. Reaction of the Ba2+ 
complexes 8a-c with uranyl acetate resulted in the for- 
mation of the uranyl complexes 9a-c in 70 - 80% isolat- 
ed yield (Scheme 2). All three uranyl complexes showed 
the [M+H]+ peak in the FAB-MS spectra, indicating that 
the uranyl cation is tightly bound. The absorptions of the 
imine protons of 9a-c are shifted downfield in compari- 
son with the barium complexes 8a-c (8.20 - 8.40 ppm in 
8a-c and 9.20 - 9.40 ppm in 9a-c). The absorptions of 
the imine stretch frequencies in the IR spectra were shift- 
ed by I5 - 25 cm-1 to lower wave numbers with respect 
to the Ba?+ complexes, as normally found upon com- 
plexation of a cation in the salophen or salen moiety. In 
principle two conformations of the uranyl complexes 9a- 
c are possible, one with the outer methoxy groups of the 
terphenyl unit at the concave side of the salophen or 
salen unit6 and the other with the inner rnethoxy group at 
this side. The ‘H NMR spectra of 9a-c showed only sig- 
nals of one compound and most probably the conformer 
with the outer methoxy groups at the concave side of the 
salophen or salen unit (see Molecular Mechanics calcu- 
lations). 

2. Binding studies 
The first indications that binding of ammonia in  the 
uranyl hosts 9a-c occurs were obtained from the ‘H 
NMR spectra in CDCI, in the presence of excess ammo- 
nia. The free ammonia was observed at 6 0.75 pprn and 
the complexed ammonia in 9a as a broad singlet at 6 

Schemc 1 
CHO rno 

HMTA Me,SO.&CQ ___, r 
CF3COOH am 
65% 80% 

CHO OHC qoH “0 

1 1  W 
8 1  

AU = allvl 

4.10 ppm, with an integral corresponding to a 1:1 com- 
plex. Furthermore shifts of the benzylic AB system of 9a 
and the two benzylic AB systems of 9b in addition to up- 
field shifts of the outer Me0 groups were observed. The 
imine absorptions showed small but significant upfield 
shifts. The inner Me0 absorptions showed only marginal 
shifts, which indicates that this group is not or only very 
weakly interacting with the guest. The AB system of the 
NCH2 group in 9b changes almost completely into an A, 
system. An unresolved (broadened) absorption was ob- 
served at 6 4.40 ppm with a very small signal at either 
side. The broad absorption of the benzylic protons in 9c 
clearly resolved into two AB systems upon complexa- 
tion of ammonia and for the OMe signals similar obser- 
vations were made as for 9a and 9b. Also the addition of 
propylamine or benzylamine showed significant shifts of 
the outer OMe, the benzylic protons, and imine protons. 
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Table 1 Association constants (lmol-')a for the complexation of 9a-c 
with amines in CDCI, at 293 K. 

NH.3 BnNH2 n-PrNH2 

9a 350*25 206 80k5 
9b 990+50 3025 60d 
9c 650_+50 30210 404 0 

a) The estimated error was determined by averaging the calculated 
Kar,'s using the various probes (see experimental section). All experi- 
ments were performed in duplicate. 

The association constants of the hosts 9a-c and ammo- 
nia, benzy lamine, and propylamine in CDCl, were deter- 
mined by IH NMR titrations (Table I ) . ' *  For all three 
hosts the observed selectivity was ammonia > propy- 
lamine and benzylamine. The highest selectivity was ob- 
served for 9b [K,,,(NH3) : K,,,(BnNH,) = 331. The high- 
est selectivity for "2-boron- 1,3-xylylcrown ethers" ob- 
served by Reetz4 in CC1, was 10. 

3. Molecular mechanics calculations 
In order help us rationalize these data molecular me- 
chanics calculations were performed on 9a with various 
guests using Quanta/Charmm.l3-l5 Before introducing a 
guest the free uranyl complex 9a was minimized. The 
conformation (conf. 1) has an energy of 33.62 kcal.mol-I 
and it has a cavity that is accessible for the complexation 
of a small guest. The minimum found for the conforma- 
tion in which the inner OMe group is at the concave side 
of the molecule (conf. 2) has an energy of 45.85 
kcal mol-I. These calculations suggest that only one con- 
former will exist and this is in agreement with the obser- 
vations in solution (vide supra). We decided to use con- 

formation 1 only. The calculations are summarized in 
Table 2. 

In the minimized complexes one hydrogen of the guest 
was found hydrogen bonded to the phenolate and the 
benzylic oxygen atoms (see Figure l), as has been ob- 
served in a number X-ray structures of complexes of 
metallomacrocycles with urea, DMSO, MeOH, and wa- 
ter.6 A second hydrogen forms a hydrogen bond with one 
or two outer methoxy oxygens. The calculated AE values 
defined in equation 1 are 5 1 kcal.mol-1 and indicate that 
both host and guest do not undergo major conformation- 
a1 changes. The fact that the AE values are almost zero 
could be purely accidental. However, as can be seen 
from Table 2 the energy of the host as well as the guest 
are almost the same as for the individually minimized 
host and guest. Visual inspection of host and guest 
shows that only minor conformational changes occur 
upon complexation. This clearly indicates that the host is 
preorganized for complexation of water, ammonia, and 
primary amines. 

" = Einteraction - Ecomplex + (Ehost + Eguest) (1) 
Einteraction = sum of vanderwaals and eletrostatic inter- 

actions between host and guest. 
Ecomplex = total energy of the complex. 
Ehost = total energy of the host. 
Eguest = total energy of the guest. 

The obtained calculated coordination distances be- 
tween the uranium ion and the donor atom of the guest 
(2.36 - 2.69A) are in good agreement with experimental 

Table 2 Calculated energies (kcal mol-I) from molecular mechanics and coordination distance U02*+..Dguesr(;i). 

4°F EhorP E,,,,: Em: A E e  LI - Dgurs/ 

H2O 0.0 0.0 
NH3 0.0 0.0 
BnNH, 1.72 1.72 
9a(conf. 1) 33.62 33.62 
9a(conf. 2) 45.58 45.58 
9a(Conf. 1) H,O 7.46 33.83 0.36 -26.72 -0.56 2.61 

-28.889 
2.w 

-38.44s 
5.26h 

9a(Conf. I ) NH, 1.47 33.76 0.89 -33.18 -0.97 2.40 

9a(Conf. 1 ) BnNH, 17.17 33.99 1.44 -18.26 -0.09 2.69 
-8.069 
-10.20h 

a) total energy 
b) energy of the host 
c) energy of the guest 
d) interaction energy between host and guest 

f) coordination distance between UOz2+ and hetero atom of the guest &) 
g) the electrostatic contribution to E,,,. 
h) the vanderwaals contribution to Ein,. 

e )  *E=E,nt-Ecomplex+(Ehost+Eguest) 
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180 FRANK C.J.M. VAN VEGGEL ET AL 

Figure 1 Space filling representation of 9a(conf. I )  H,O (a) and Ba(conf. 1 )  NH, (b). 

values.6~~ The calculated value of EgB,ammonla - E9a.water of 
-5.99 kcaLmol-’ is of the same order of magnitude as the 
experimentally MG(NH, - H 2 0 )  = -RTln(350/1) = -3.41 
kcal.mol-’ and this suggests that entropy effects do not 
play a dominant role. Since the complexation of a mole- 
cule of ammonia in 9a-c liberates a molecule of water 
and assuming that the solvations of the two guests are 
similar in CDC1, it is not unlikely that this is indeed the 
case. Since host and guest do not reorganize, the selec- 
tivity is determined by the interaction energy (El,,), 
which is dominated by the electrostatic contribution. 
With respect to the selectivity of benzylamine versus wa- 
ter this assumption will certainly not hold and further ex- 
periments have to be awaited to draw sound conclusions. 
From the longer coordination distance between the ura- 
nium cation and the nitrogen atom of the guest it is clear 
that the guest can not penetrate the host as deeply as am- 
monia and water. This will result in a smaller electrostat- 
ic contribution to the interaction energy. The increased 
vanderwaals interaction can not compensate this loss. 
We predict that entropy effects are dominant factors in 
the displacement of water by benzylamine. 

CONCLUSIONS 

The concept of immobilizing an electrophilic center 
combined with the concept of preorganization of the host 
resulted in three new uranyl complexes (9a-c) as hosts 
for ammonia and primary amines. The uranyl complex 
9b has the highest reported selectivity for ammonia over 
primary amines. It is anticipated that modifying the sub- 

stituents on the outer phenyl rings of the terphenyl moi- 
ety will increase the selectivity towards ammonia. 

EXPERIMENTAL SECTION 

General 
All solvents were of analytical grade and used as re- 
ceived. Reagent were used without further treatment. All 
NMR spectra were taken in CDCI, (‘H: 250 MHz). Only 
characteristic peaks in the l3C NMR spectra are given. 
FAB mass spectra were taken in NBA. 

Syntheses 
3,3~’-(2,2’,2”-Trihydroxy-5,5’J”-trimethyl[ 1,1’:3’?1’’- 
terphenylldialdehyde (2).  A solution of 1 (20.0 g, 62.5 
mmol) and hexamethylenetetramine (26.3 g, 187.9 
mmol) in 150 mL of CF,COOH was heated for 3.5 days 
at 90°C. The reaction mixture was cooled to 60°C and 
100 mL of water were added. The mixture was stirred 
for 2.5 h and poured into 1 L of ethyl acetate. The acid 
was neutralized with a solution of NaHCO,. The organic 
layer was separated off, washed with brine and dried 
with MgSO,. The solvent was removed and the residue 
was purified by column chromatography (SiO,,CH,Cl,) 
to give 2 as a slightly yellow solid in 65% yield. 
mp = 209-210°C; ‘H NMR 6 11.62 (s, 2 H), 9.90 (s, 2 
H), 7.49 (d, 2 H, J = 2.0 Hzj, 7.39 (d, 2 H, J = 2.0 Hz), 
7.14 (s, 2 H), 6.46 (bs, 1 Hj, 2.38 (s, 6 H), 2.39 (s, 3 H); 
13C NMR 6 196.9 (d), 156.1, 149.1 (s), 20.6, 20.3 (9); IR 
(KBr) 3490 (OH), 1655 (C=O) cm-1. FAB mass spec- 
trum, d e  377.0 [(M+H)+ calcd 377.11. 
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3,3”-(2,2’,2”-Trimethoxy-5,5’,5”-trimethyl[ 1,1’:3’, 
1”-terphenylldialdehyde (3). A mixture of 2 (14,3 g, 
38.0 mmol), dimethyl sulfate (19.2 g, 152 mmol), and 
K,C03 (21.0 g, 152 mmol) was refluxed in CH,CN for 3 
h. After cooling to room temperature the salts were fil- 
tered off and the filtrate concentrated to dryness. Upon 
standing the residue solidified and was purified as de- 
scribed.8a Spectral data were all identical to literature.8a 
3,3”-((2,2’,2’’-Trimethoxyd,5’,S’-trimethyl[ 1,1’:3’, 

l”]terphenyl]-3,3”-diyl)bis(methyleneoxy))bis[2-(2- 
propenyloxy)benzaldehyde] (6). A mixture of 2.6 g 
( 14.6 mmol) 2-(2-propenyloxy)-3-hydroxybenzaldehyde 
(10) and 10.0 g (72.5 mmol) K2C03 in 75 mL of acetoni- 
trile was refluxed for 30 min. The dibromide 5 (4.0 g, 
7.3 mmol), dissolved in 10 mL of acetonitrile, was added 
and the resulting mixture was refluxed for another 4 h. 
The reaction mixture was cooled to room temperature, 
poured in water and extracted with CH2C12. The organic 
layer was separated, washed with brine, 10% NaOH,,, 
and dried with MgSO,. The solvent was removed to give 
pure 6 as a slightly yellow oil in 84% yield. IH NMR 6 
10.45 (s, 2 H), 7.44 (d, 2 H, J =  7.8 Hz), 7.32 (s, 2 H), 
7.27 (d, 2 H, J = 7.8 Hz), 7.17 (s, 4 H), 7.12 (dd, 2 H, J = 
7.8 Hz, J = 7.8 Hz), 6.12-5.95 (m, 2 H), 5.37-5.22 (m, 4 
H), 5.22 (s, 4 H), 4.71 (d, 4 H), 3.49 (s, 6 H), 3.20 (s, 3 
H), 2.38 (s, 3 H), 2.35 (s, 6 H); 13C NMR 6 190.5 (d), 
153.5 153.2, 152.3, 152.6 (s), 75.2, 66.6 (t), 61.1, 60.6, 
20.9, 20.8 (9); IR (KBr) 1688 (CHO) cm-’. FAB mass 
spectrum, d e  743.3 [(M+H)+ calcd 743.31. 
3,3”-((2,2’,2”-Trimethoxy-5,5’,5”-trimethyl[ 1,1’:3’, 

l”]terphenyl]-3,3”-diyI)bis(met hyleneoxy))bis(2-hy- 
droxybenzaldehyde) (7). A mixture of 6 (2.20 g, 2.90 
mmol), HCOOH.NEt, (1.30 g, 8.90 mmol), Pd(OAc), (7 
mg), and PPh3 (35 mg) was heated at 90°C in a mixture 
of DMF and water (5:1) for 2.5 h. The reaction mixture 
was cooled to room temperature, poured into water and 
extracted with CH2CI2. The organic layer was dried with 
MgSO, and concentrated to dryness to give an oil. This 
oil was treated with MeOH to give 7 as a white powder, 
which was further purified by recrystallization from 
EtOH (80%). Spectral data were identical to literature.9 

The Ba2+ complexes 8a-c were obtained using the 
method described in literature.9 (37,38,39-Trimethoxy- 
5,5,18,22,27-pentamethyl-13,31-dioxa-3,6-diazahexa- 
cyclo[30.3.l.lSJ2.1~5J? 120J4.125q tetraconta- 
1(36),2,6,8,10,12(40),15,17,19(39),20,22,24(38),25,27,2 
9(37),32,34-heptade~aene-36,40-diol-O~3,0~~,0~~,0~~, 
038,039,040)barium(2+)Bis( trifluoromethanesul- 
fonate) (8b): IH NMR 6 8.25, 8.20 (s, 2 H), 7.26 (s, 4 
H), 7.19-7.15 (m, 2 H), 7.11 (s, 2 H), 6.90 (m, 2 H), 
6.73-6.61 (m, 2 H), 5.57, 5.43,4.90,4.76 (2 x AB-q, J =  

H), 3.03 (s, 3 H), 2.48 (s, 3 H), 2.37 (s, 6 H), 1.39, 1.38 
(s, 3 H); I3C NMR 6 167.5 (d), 154.3, 154.0, 149.8, 

11.0 Hz), 3.79, 3.68 (AB-q, 4 H, J = 13.1 Hz), 3.63 (s, 6 

149.9 (s), 71.4,69.6,63.7 (t), 63.2,62.9,24.7, 22.9, 20.9 
(9); IR (KBr) 1632 (C=N) cm-1; FAB mass spectrum, 
d e  1001.2 [(M-CF,SO,))+ calcd 1001.11. Anal. calcd 

Found: C, 48.08; H, 3.99; N, 2.41. 
(cis-33a,34,35,36,37,37a-Hexahydr0-39,40,41- 

trimethoxy-12,17,22-trimethyl-25H- 
3,7:10,14;15,19:20,24:27,31-pentametheno-9H- 
8,26,1,33-benzodioxadiazacyclopentatriacontine- 
38,42-diol-0*,026,038,039,0 40, 041,042) barium(2+) 
Bis(trifluoromethanesu1fonate) (8c): mp=220-228 “C ; 
IH NMR (predominent conformer) 6 8.41, 8.28 (s, 1 H), 
7.28 (s, 2 H), 7.25 (s, 2 H), 7.24-7.12 (m, 2 H), 7.17-6.97 
(m, 2 H), 6.90 (s, 2 H), 6.71-6.68 (m, 2 H), 5.60, 4.79 
(AB-q, 4 H, J = 12.0 Hz), 4.10-3.98 (m, 2 H), 3.62 (s, 6 

(m, 8 H); 13C NMR 6 167.1 (d), 153.4, 148.9 (s), 72.2 
(t), 63.4, 61.6 (q), 62.3 (d), 29.8, 27.8 (t), 20.9 (4); IR 
(KBr) 1642 (C=N) cm-I. FAB mass spectrum, m/e 
1027.1 [(M-CF,SO,)+, calcd 1027.31. Anal. calcd for 
C+48BaF&0,& C, 50.03; H, 4.03; N, 2.33. Found: 
C ,  50.09; H, 3.99; N, 2.30. 

for C46H&aF,jN20,3S2: c ,  48.03; H, 4.03; N, 2.44. 

H), 3.09 (s, 3 H), 2.48 (s, 3 H), 2.32 (s, 6 H), 1.82-1.25 

General procedure for the synthesis of 9a-c. 
To a solution of 0.20 g of the Ba2+ complex 8 in 4 mL of 
CH2C12 and 4 mL of MeOH, was added 1 equiv of 
UO2(OAc),.2H2O dissolved in 4 mL MeOH. The mix- 
ture was stirred for 15 min and concentrated to dryness. 
The red powder was recrystallized from a mixture of 
MeOH, CH2C12, and petroleum ether (bp = 60 - 80°C) to 
give the uranyl complex as red crystals in a yield of 70 - 
80%. 
(39,40,41-Trimethoxy-12,17,22-trimethyl-25H- 

3,7: 10,14: 15,19:20,24:27,31-pentametheno-9H- 
8,26,1,33-benzodioxadiazacyclopentatriacontine- 
38,42-diolato(2-)-N~,N33,03~,042)dio~o~ranium (9a): 
mp = 195-210°C. ‘H NMR 6 9.4 (s, 2 H), 7.61-7.57 (m, 
2 H), 7.53 (dd, 2 H, J =  1.5 and J =  7.6 Hz), 7.49-7.46 
(m, 2 H), 7.45 (d, 2 H, J =  2.0 Hz), 7.41 (dd, 2 H, J =  1.5 
and J = 7.6 Hz), 7.27 (d, 2 H, .I = 2.0 Hz), 7.24 (s, 2 H,), 
6.67(dd,2H,J=7.6andJ=7.6Hz),5.57,4.95(AB-q, 
4 H), 3.61 (s, 6 H), 3.15 (s, 3 H), 2.46 (s, 6 H), 2.44 
(s, 3 H); I3C NMR 6 165.8 (d), 164.4, 154.9, 154.3, 
150.1 (s), 70.9 (t), 62.2, 61.2, 20.9 (4); IR (KBr) 
1602(C=N), 903 (0-U-0)  cm-I. FAB mass spectrum, 
d e  1003.2 [(M+H)+, calcd 1003.31. Anal. calcd for 

Found: C, 5 1.96; H, 4.04; N, 2.50. Upon standing the 
CH2C12 molecule was exchanged for a molecule of wa- 
ter. Anal. calcd for C46H4,N20,U.2H20: C, 53.18; H, 
4.27; N, 2.70. Found: C ,  53.09; H, 4.20; N, 2.66. 
(37,38,39-Trirnethoxy-5,5,18,22,27-pentamethyl- 
13,31-dioxa-3,6diazahexacyclo[30.3.1.1~~12. 
1 15319. 120J4. 1 2 5 q  te t racon t a- 1 (36),2,6,8,10,12( 40), 

C46H40N2 09U.H20CH,C12: c, 5 1.58; H, 3.97; N, 2.5 1. 
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15,17,19(39),20,22,24(38), 25,27,29(37),32,34-heptade- 
caene-36,46-diolato( 2-)-N3,N6,0~,040)dio~o~tanium 
(9b): mp = 160-170 “C. IH NMR 6 9.29, 9.22 (s, 1 H), 
7.51-7.44 (m, 2 H), 7.40-7.36 (m, 2 H), 7.29-7.24 (m, 4 
H), 7.23 (s, 2 H), 6.72 (m, 2 H), 5.40, 5.30, 5.28 (2 x 

(s, 3 H), 2.44 (s, 6 H), 2.44 (s, 6 H), 2.43 (s, 3 H), 1.71, 
1.66 (s, 3 H); 13C NMR 169.3, 165.8 (d), 155.4, 154.7, 
150.8, 150.5 (s), 76.5, 71.7, 71.5 (t), 65.3 (s), 62.3, 61.5, 
26.6, 26.4, 21.24 (9); IR (KBr) 1617 (C=N), 896 (U-O- 
U) cm-I. FAB mass spectrum, m/e 983.2 [(M+H)+ calcd 
983.41. Anal. calcd for C,H,N,09U.2H20: C, 51 3 7 ;  H, 
4.75; N, 2.75. Found: C, 5 1.82; H, 4.80; N, 2.76. 
[cis-33a,34,35,36,37,37a-Hexahydr0-39,40,41- 

trimethoxy-12,17,22-trimethyl-25H- 
3,7: 10,14: 15,19: 20,24: 27,3 1 -pentame the no-9H- 
8,26,1,33- benzodioxadiazacyclopentatriacontine- 
38,42-diolato(2-)-N~,N33,O~*,O~~]dioxouranium (9c): 
mp = 205-210 “C. IH NMR 6 9.33 (s, 2 H), 7.50-7.46 
(m, 2 H), 7.40-7.37 (m, 2 H), 7.31-7.27 (m, 2 H), 7.24- 
7.20 (m, 2 H), 7.23 (s, 2 H), 6.69 (m, 2 H), 5.34 (s, 4 H), 
4.72-4.64 (m, 2 H), 3.59 (s, 6 H), 3.07 (s, 3 H), 2.47-2.18 
(m, 2 H) 2.44 (s, 9 H), 2.06-1.77 (m, 6 H); 13C NMR 6 
168.2 (d), 155.0, 153.3, 150.2 (s), 71.8,71.0 (d), 71.3 (t), 
61.9, 61.1 (q), 20.89, 20.84 (9); IR (KBr) 1617 (C=N), 
899 (0 -U-0)  cm-I. FAB mass spectrum, m/e 1009.4 
[(M+H)+, calcd 1009.31. Anal. calcd for 
C,,H,6N209U.2H,0: C, 53.93; H, 4.91; N, 2.62. Found: 
C ,  53.82; H, 5.01; N, 2.65. 

AB-q, 4 H), 4.54, 4.33 (AB-q, 2 H), 3.59 (s, 6 H), 3.08 

1H NMR titrations 
The 1H NMR titrations were performed in  dry CDCI, 
(molsieves) at room temperature (293 K).  During the 
titrations the concentration of the host was kept constant 
and the concentration of the guest was increased step- 
wise in a molar ratio of guest over host of 0.2-20. For the 
experiments 9- 12 samples were prepared of which the 
outer Me0 andlor the benzylic AB-q and/or the imine 
absorptions of the host were used as probe. The associa- 
tion constants were obtained with a nonlinear two para- 
meter fit of the chemical shift and the association con- 
stant.12 The results gave good fits for a 1:l stoichiometry 
as could be concluded from the function valutsI2 (< 
0.01), which can be regarded as the “goodness of fit pa- 
rameter”. All experiments were performed in duplicate. 
The calculated association constants using the two 
probes showed good agreement. The obtained associa- 
tion constants were averaged and the error bars estimat- 
ed. For the determination of the K,,,(NH3)’s a solution 
had to be prepared in CDCI, of known concentration. A 
flask was first purged with nitrogen and weighted. The 
same was done using ammonia gas. The difference in 
weight combined with the law of a perfect gas gave us 
the amount of ammonia in the flask. Injection of a 
known volume of CDCl, through a stopper gave a con- 
centration of 0.050 mol.1-I. The method was verified by 

acid-base titration of this solution (0.046 mol.1-1). Since 
all three uranyl complexes were obtained as dihydrate 
the concentration of water in all experiments is the same 
and therefore the numbers can be compared. 

MM calculations 
The molecular mechanics calculations have been per- 
formed using Quanta/CHARMm.l3-l5 The coordinates of 
the salophen moiety with the complexed uranyl cation 
were taken from literature6a and kept constant during the 
minimizations by imposing atomic constraints. The non- 
bonded parameters for the uranyl cation16 were taken 
from literature:6b q,, = 0.0 and q, = 2.0, Rmin = 3.00w and 
Emin = -1 .OO kcal.mol-I. These parameters correctly re- 
produce the hydration energy of the uranyl cation in wa- 
ter and coordination distances are similar to those in 
crystal structures.6 The terphenyl moiety has been gener- 
ated in Quanta, minimized, and attached to the salophen 
unit. The TIP3P model for water has been used. The 
charges used are the so called charge templates as pro- 
vided by Quanta, except for the uranyl cation and the 
phenolate oxygen (qphenolatc = -0.9).6‘ Small “excess” 
charge was smoothed to non-polar hydrogen and carbon 
atoms. The complexes were made by placing the guest 
manually in the host with the donor atom of the guest in 
the first coordination sphere of the uranium cation and 
hydrogen bonds to the two outer methoxy groups of the 
terphenyl unit. In this way a complex with approximate- 
ly a plane of symmetry was obtained as observed in the 
1H NMR spectra. Minimizations were run with a dis- 
tance dependent dielectric constant and an E = 1. NO cut- 
off was applied. The structures were minimized by con- 
jugate gradient and terminated when the rms on the gra- 
dient was < 0.01. 
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