
Table I. Selected Molecular Parameters for the Cubane-Like 
(Ph3P)4Ag4X4 Clusters (Distances in A, Angles in Degree) 
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X = Cl 

3.633 
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3.652(6) 
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X = I 
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3.115 (2) 
3.769(3) 
4.583 
4.400 (2) 
4.803 (3) 
2.911 
2.837(2) 
3.038(3) 
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73.55 
64.46 (6) 
81.08(6) 

104.08 
97.38(7) 

115.42(6) 
114.1 
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of the A g - A g distances and the Ag-X distances are consis
tent with a bonding model1 J 0 in which both the bonding (ai 
+ e + t2) and the antibonding (ti 4- t2) tetrametal symme
try orbitals and the partially antibonding Ag-X (e + ti + 
t2) orbitals are fully occupied. However, electronic factors 
alone cannot account for the severe distortions of 1 and 2a 
from Tj geometry, or for the cubane-chair isomerism of 
(Ph3P)4Ag4I4. We believe that these effects, as well as the 
occurrence of both cubane and chair-type geometries in the 
(R^Y)4Cu4X4 series,4'5 is a consequence of weak van der 
Waals interactions. The latter are evidenced by a wide spec
trum of nonbonding intramolecular separations including 
close (Ph)H-H(Ph) and ( P h ) H - X contacts in both 1 and 
2a. 

The observed structural variations of the known members 
of the series (R^Y)4M4X4 can now be rationalized as fol
lows. First, the replacement of the chlorine atoms in 1 by 
the much larger iodine atoms in 2a increases the intraclust-
er nonbonding repulsions (I—I, Ag-Ag) as well as other 
van der Waals interactions ( H - I , H - H ) . As a result, the 
iodine atoms move outwards, which, in order to maintain 
reasonable Ag-I bond lengths, causes the silver atoms to 
move inward toward the centroid of the Ag4l4 core; the Ag-
P bonds are concomitantly lengthened by 0.08 A to relieve 
intensified H - H and H - I interactions. By the same token, 
a formal transmutation of 1 into the copper analog 
(Ph3P)4Cu4Cl4

4a through a replacement of the larger silver 
atoms with smaller copper atoms also enhances the van der 
Waals repulsive constraints producing a highly distorted cu
bane core. Further, substitution of chlorine atoms in 
(Ph3P)4Cu4Cl4 by larger bromine4" or iodine4b atoms 
changes the solid state structure to the chair form, presum
ably due to even more severe overcrowding. With less bulky 
terminal ligands such as triethylphosphine and triethy-
larsine, however, a cubane-like structure is observed in 
(Et3P)4Cu4I4 and (Et3As)4Cu4I4.4a 

The fact that (Ph3P)4Ag4I4 is the first determined mem
ber of the series which can exist in both cubane and chair
like forms in the solid state suggests that these forms are 
fairly close in energy with the difference being comparable 
to van der Waals interactions. 
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Effect of Centered Functional Groups on Complexing 
Properties of Cyclic Polyether Hosts1 

Sir: 

Carboxylic acid and ester groups frequently act as bind
ing sites for complexation by enzymes and antibiotics. 
Shaping and binding units that control association con
stants between synthetic multiheteromacrocyclic host and 
alkylammonium guest compounds have been studied.2 We 
report here the syntheses3 and binding properties toward 
cations of macrocyclic polyethers whose incorporated 1,3-
xylyl unit directs toward the center of the ring, carboxyl, 
carbomethoxy, or other groups attached to the 2-position. 

Cycles 1-4 and 11 were prepared by adding under nitro
gen equimolar mixtures of the appropriate dibromide (16 or 
l,3-bis(bromomethyl)benzene) and polyethylene glycol in 
dry THF over a 3-hr period to a refluxing mixture of THF 
containing a 3 M excess of sodium hydride.8 For 12-14, 
17-19 were added to the already prepared alkoxides.8 

The pAVs (±0.2) of the four cyclic carboxylic acids ( 5 -
8) and of their open-chain model (20) were determined in 
water at 22°9 (5, 4.8; 6, 4.8; 7, 3.8; 8, 3.4; 20, 3.3). Thus in 
acid strength, the five compounds are arranged: zero-mem-
bered ring > 30-membered ring > 21-membered ring > 
18-membered ring ~ 15-membered ring. Two effects ex
plain the acidity order. (1) Molecular models (Corey, Paul
ing, Koltun or CPK) of the five acids reveal that 5 and 6 are 
relatively rigid, and their carboxyl groups comfortably hy-
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drogen-bond transannularly located ether oxygens.10a Al
though intramolecular hydrogen bonds can form in models 
of 7 and 8, many more conformations have to be frozen out 
in the resulting structures. No such hydrogen bonds are 
possible in 20. Carboxyl to benzyl-oxygen hydrogen bonds 
appear more strained than those to more remote oxygens. 
(2) Molecular models of the corresponding carboxylate an
ions indicate those from 5 and 6 to be more rigidly pointing 
toward the center of the macrocycles than those from 7 and 
8. Thus steric inhibition of solvation of the anion in the 
smaller rings should be more pronounced than in the larger 
rings or in 20. 

Association constants (Ka) for complexation of tert-
butylammonium thiocyanate with nine of the cycles in chlo
roform at 22° were determined:11 1, <150; 2, 17,000; 3, 
930; 4, 240; 6, 380; 9, 710; 10, 760; l l , 1 2 1000; 14, 350. For 
the R groups in the 18-membered ring hosts, CO 2 CH 3 » H 
> CH 2 OCH 3 ~ CH 2OH > CO2H > CN in their ability to 
stabilize the complexes. When R = CO2CH3 , the hosts 
change in complexing power as follows: 18-membered » 
21-membered > 30-membered > 15-membered ring. Mo
lecular models (CPK) of the complexes indicate that those 
containing the 18-membered rings provide the most ideal 
fits of host to guest. Only in the models of these sized cycles 
do the ring oxygens almost perfectly encircle (300° out of 
360°) the N H 3

+ group. In these models, the plane of the 
aryl is tilted out of the best plane of the ether oxygens by 
about 30-60°. The angle decreases with R group changes in 
the order CH 2 OCH 3 ~ CH 2OH ~ CN > CO 2CH 3 ~ 
CO2H > H. Sterically all of the R groups probably desta
bilize the complexes, but some of the groups (e.g., CO 2CH 3 

and CH 2OCH 3 ) compensate by providing an additional lig-
and as in the linear part structure, R - N + — :0 . The elec
tron pair of the space-consuming cyano group is mislocated 
to act as a ligand, and Ka where R is C = N : is lower than 
where R is H. Where R is CO2H, the uncomplexed host 
probably is stabilized by CO2H - - ^ O which CPK models 
indicate is inhibited in the complex. Structure 21 seems 
probable for the complex of 2, which is > 1.7 kcal more sta
ble than the other complexes. 

,o oCy VJ0 d 

Table I 

-A 
NCS OCH3 

21 

Salt of 

5 
6 
7 
8 

20 

/ 
Li+ 

1.4 
7.2 
6.1 
3.4 
3.3 

-— % salt in 
Na+ 

1.5 
7.9 
8.7 
5.2 
3.2 

CH 
K+ 

1.4 
6.7 
6.8 
8.0 
2.8 

N, 

Ca2+ 

1.1 
4.8 
1.8 
2,9 
3.4 

The anionic form of host acids 5-8 and 20 were tested for 
their abilities to lipophilize Li+ , Na + , K+ , and Ca 2 + by dis
tributing their salts at ~22° between dichloromethane and 
water (Table I).1 3 Maximum lipophilization of each ion de
pends on the ring size of the host: for Li+ , 18-membered; 
for Na + , 21-membered; for K+ , 30-membered; for Ca2 + , 
18-membered. For all ions, the 15-membered ring host (5) 
was poorer than the open-chain host (20). For the monova
lent cations and the restricted series of anions of 6-8, the 
maximum lipophilization occurs with different host-guest 
combinations, the larger rings better lipophilizing the larger 
ions. The effects are not dramatic, possibly because of can
cellation in the large number of parameters that contribute 
to the distribution coefficients of the salts. Structure 22 is 
visualized for the potassium salt of 8. 

Acid 6 formed a crystalline one-to-one salt3a,c '10b with 
tert-butylamine (mp 117-126° dec) when mixed in cyclo-
hexane-dichloromethane. The 1H NMR spectrum in 
CDCl3 of the salt showed a dramatic broadening of the ma-
croring proton signals as compared to those of 6 itself, and a 
0.05 ppm upfield shift of the tert-butyl protons as com
pared to those of a similar mixture of amine and 20. One 
complex of 6 in CPK models resembles 21 in geometry. The 
carboxylate's anionic oxygen is rigidly held in contact with 
N + , and in the center of the macroring. One to two methyl 
protons of the complex are held in (not deeply) the magnet
ic field of the phenyl. Were not the nine protons averaging, 
the upfield movement would be larger.15 Rough distribution 
constants (Ki) for the rerr-butylamine complexes of 5-8 
and 20 between D2O and CDCl3 were determined14 at 22°: 
for 5, ~0.02; for 6, 0.7; for 7, 0.36; for 8, 0.24; for 20, 
~0.06. These results suggest that the salt of 6 is the best or-

complex in D2O complex in CDCl3 

ganized of the complexes to bury the hydrophilic sites of 
both host and guest in a lipophilic skin of C-H bonds. The 
qualitative result and the order were predicted by examina
tions of molecular models of the complexes. 

These results demonstrate that 2-substituted, 1,3-xylyl 
units can be incorporated in macrocyclic hosts and that 
these inner directed substituents act as additional binding 
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sites for anionic guests. The possibility that they can also 
act as catalytic sites is being explored. 
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Chromatographic Optical Resolution through Chiral 
Complexation of Amino Ester Salts by a Host Covalently 
Bound to Silica Gel1 

Sir: 

Previous papers demonstrated that optically active host 1 
exhibited chiral recognition in complexation in solution of 
the enantiomers of primary amines and amino ester salts as 
guests.2a-b Total optical resolutions of primary amine salts 
were realized by liquid-liquid chromatography in which 
salts in stationary aqueous phases absorbed on silica gel 
were eluted fractionally with chloroform solutions of 
(RR)-l.2cd We report here the covalent attachment of 
(RR)-I2* to silica gel and use of the designed chiral host 
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Figure 1. Chromatographic optical resolution by host-bound silica gel 
of methyl phenylalaninate hydrochloride salt. 

sites to totally resolve amine (especially amino ester) salts 
as guests by solid-liquid chromatography. 

Bromination (7 mol of Br2 in CH2CI2 added at —5° over 
1 hr) of the isomers of 1 (1 mol) gave 2 whose four bromine 

(RR)(SS)-I, Z = H;2a (RR)-I, Z 

Compd no. Z 

(RR)(SS)-23** Br 
(RR)-23* Br 
(RS)-23 Br 
(RS)-3Uc Si(CH3)2OCH3 

H;28 (RS)-I, Z = H2' 

Mp, 0C YId, % 

299-300 80 
189-191 91 

334-335 90 

95-96 84 

atoms were substituted in the 6-positions.4 Addition of 
(RS)-2 to butyllithium in dry glyme under nitrogen at 
—75° followed by dichlorodimethylsilane at —75° (mixture 
then refluxed) followed (after evaporation) by dry methanol 
gave (RS)-3. Treatment of the tetrakis(dimethylchlorosil-
yl) compound (similarly prepared from optically pure 
(RR)-2)5 with dry carbon-free silica gel followed by metha
nol gave after washing and drying, host-bound silica gel, 
3.94% by weight carbon by combustion. If each cycle is co
valently bound at only one site, and the other three are 
capped with CH 3O groups, the silica gel is 0.059 mmol per 
gram in host residues, or each host site has an average mo
lecular weight of 17,000. Further treatment of this silica gel 
with excess trimethylsilyl chloride to cap the more hindered 
SiOH groups gave (RR)-4S (H), 4.65% by weight carbon 
by combustion, or 0.20 mmol/g in (CH3)3Si groups. 

Table I reports the results of chromatograms run6 on ra-
cemic a-phenylethylammonium hexafluorophosphate, the 
methyl or isopropyl esters of phenylglycine hexafluorophos
phate or hydrochloride salts, and the methyl esters of the 
hydrochloride salts of valine, phenylalanine, and trypto
phan. The configurational identities of the enantiomers in 
the bands eluted were established by their signs of rotation 
(e.g., in runs 1, 3, 4, and 6) or by comparisons of their re
tention volumes with those of pure enantiomers put through 
the same column under the same conditions as their racem-
ates (runs 7, 8, and 9). Plots of the relative conductance vs. 
milliliters of eluate gave curves for each run from which the 
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