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to maintain a somewhat bowed structure.1 

The above results, which indicate a large disorder in the bound 
alkyl chain, offer an explanation for the difficulty in building the 
alkane chain into the crystallographic structure for a difference 
map.9 The computed disorder shows a plausible density distri
bution that nearly has inversion symmetry and even in the 
crystallographic data, while the drug is slightly bent a near 2-fold 
symmetry of the electron density is visible.9 The isoxazole and 
oxazole groups are quite similar dynamically. However, with the 
motion of the alkyl chain at the isoxazole end, which appears to 
sweep out a volume similar to the phenoxy group, the thermal 
volume traced out by the entire molecule is almost symmetrical 
(see Figure 1). Such a conformational equilibrium superimposed 
on a binding equilibrium involving a swap of one end for the other 
accounts for the difficulty in assigning the orientation of the 
ligand.9 These motions would then have a direct effect on the 
binding equilibrium and, therefore, efficacy of the drug. 
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Tartaric acid derivatives,1 chiral amine hydrochlorides,2 chiral 
crown ethers,3 and cyclodextrins4 previously have been utilized 
as transport agents in enantioselective liquid membranes. To be 
of practical utility, chiral transport agents must be relatively 
inexpensive and afford high levels of enantioselectivity. One of 
the chiral selectors developed in our laboratory5 meets these re
quirements and has been used in a single stage bench top prototype 
membrane device which is capable of affording significant en
antiomeric enrichment for appreciable quantities of material. 

When swollen with solvent, silicone rubber tubing (Dow-
Corning medical grade 0.063 o.d. X 0.030 i.d.) is permeable to 
even moderately large organic compounds. The membrane device 
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Figure 1. Diagram of the prototype membrane device. The tempera
ture-controlled source and receiving phases are stirred magnetically, while 
the (S)-A'-(l-naphthyl)leucine octadecyl ester-dodecane solution is slowly 
recirculated (pump not shown) through the silicone rubber tubing. 

Figure 2. The amount of 7V-(3,5-dinitrobenzoyl)leucine butyl ester 
present in the dodecane phase (5 mL) as the run progresses. Curve a: 
no chiral transport agent present. This curve represents each enantiomer. 
Curve b: The (J?)-enantiomer when 100 mg of the (S)-transport agent 
has been added to the dodecane. Curve c: The (5)-enantiomer when 100 
mg of the (S)-transport agent has been added to the dodecane. 

(Figure 1) consists of 8 ft of tubing wrapped about two spools, 
each spool being immersed in separate temperature-controlled 
baths containing 4:1 methanol-water (50 mL). Dodecane (5 mL) 
is pumped slowly (1 mL/min) through the tubing in a recycle 
mode. The analyte (50 mg of a racemic 7V-(3,5-dinitro-
benzoyl)a-amino ester or amide) is dissolved in the (upstream) 
source kettle and diffuses slowly through the walls of the tubing. 
Once in the dodecane solution, the analyte is swept downstream 
where it can diffuse into the methanol-water in the receiving kettle. 
The rate of this achiral transport is quite slow; the rate of entry 
into the dodecane solution at 18 0C is shown in Figure 2.6 When 
(S)-N-(I-naphthyl)leucine octadecyl ester (100 mg) is added to 
the dodecane, it impregnates the tubing walls, and the rate of 
transport into the dodecane solution increases. For example, at 
18 0C the (S)-enantiomer of A^-^S-dinitrobenzoyOleucine «-butyl 
ester enters the dodecane nine times faster than does the (R)-
enantiomer. This ratio encompasses both the achiral and the 
facilitated transport processes (Figure 2). When swept down
stream, the analyte diffuses into the 18 0C receiver phase in a 
4:1 (S):(R) ratio; this again represents the summation of the 
achiral and the chiral transport processes. Here, the presence of 
the enantioselective transport agent in the dodecane works against 
the scrubbing process. 

Table I presents information concerning the initial rates at 
which a number of analyte enantiomers were transported into the 
methanol-water receiving phase when the source and receiving 
kettles were maintained at 18 0C. Both absolute and relative rates 

(6) Aliquots of the various phases were analyzed by HPLC using an 
(/?)-Ar-(2-naphthyl)alanine-derived CSP of 33% ee. The reduced ee retards 
the initially eluted (S)-analyte and hastens the elution of the (/?)-analyte, 
hastening analysis and ensuring more accurate electronic integration. 
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Table I. The Rates of Transport from the Source Phase to the 
Receiving Phase of Various iV-(3,5-Dinitrobenzoyl)amino Acid 
Derivatives 

analyte 

alanine butyl ester 
valine butyl ester 
(a-methyl)valine 

butyl ester 
leucine methyl ester 
leucine butyl ester 
leucine octyl ester 
leucine butyl amide 
leucine butyl ester 

rate," 
(S)-enantmr 

3.8 
6.1 
4.4 

5.0 
6.4 

21 
2.1 

10.6 

rate," 
(.R)-enantmr 

0.78 
1.9 
1.7 

0.71 
1.6 

12 
0.28 
1.5 

ratio 
of rates 

4.9 
3.3 
2.6 

7.2 
3.9 
1.7 
7.6 
6.9 

ee 
(%) 
66 
53 
44 

76 
59 
26 
77 
75 

(33% S-enriched) 

"Rates are in units of Mgrams min"1 and are relatively constant 
during the first 25-40% of the run. 

of transport change with time as concentrations in the source and 
receiver phases change. Those rates cited in Table I are for the 
initial linear portions of the rate curves. 

Using the aforementioned analyte, a run in which both kettles 
were maintained at 18 0C was stopped arbitrarily after 1700 min. 
The source and receiver phases were evaporated to dryness to 
afford, respectively, 30.9 mg of 52.4% enantiomeric excess, ee, 
(/?)-enriched and 17.4 mg of 57.3% ee (S)-enriched analyte after 
chromatographic removal (silica, methylene chloride) of small 
amounts of leached transport agent. By lowering the temperature 
of the source kettle to 0 0C, the rate of the achiral transport process 
is slowed, while the rate and enantioselectivity of the facilitated 
process is increased owing to an increase in the association constant 
of the (S-S) complex; the analyte enters the dodecane solution 
in a 14:1 (S):{R) ratio. By raising the temperature of the receiver 
kettle to 50 0C, the rate of scrubbing increases as diffusion rates 
increase, and the complex is more extensively dissociated. The 
net result is that the analyte initially enters the receiving phase 
in a 9:1 {S):{R) ratio. By using successive "stages", further 
enantiomeric enrichment can be obtained. By using 50 mg of 
11.5% (5)-enriched 7V-(3,5-dinitrobenzoyl)leucine M-butyl ester 
as feed stock, a source phase temperature of 0 0C, and a receiver 
phase temperature of 60 0C, a 14.2:1 S:R ratio (87% ee) of analyte 
enantiomers was observed in the 18 mg of material transported 
during the first 335 min. 

The rate of transport of analyte into the dodecane phase is 
essentially proportional to the concentration of the transport agent. 
High transport agent concentrations also increase the enantiomeric 
purity of the entering material as a larger fraction of the material 
is transported by the chiral agent. It is evident that the more 
lipophilic the analyte, the faster the rate of transport and the lower 
the enantiomeric purity of the initially transported material. A 
major reason for this is that the rate of the achiral transport process 
increases with increased tendency of the analyte to partition into 
dodecane. Increasing the proportion of methanol in the source 
phase decreases this tendency, slows transport, and significantly 
increases the enantiomeric purity of the transported material. 

The enantioselectivity noted for these complexing agent-analyte 
combinations in simple liquid-liquid partitioning experiments using 
dodecane and 4:1 methanol-water somewhat exceeds the sepa
ration factors noted for chromatographic separation of these 
analyte enantiomers on the corresponding chiral stationary phase.7 

This doubtless reflects the effect of the underlying silica and the 
neighboring strands of bonded phase. However, the differences 
are not great, and it is doubtful that membrane devices will 
perform enantiomer separations which cannot be effected chro-
matographically on the corresponding chiral phase. 
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Transition-metal six-coordination is dominated by octahedral 
geometries. Occasionally, complexes that have ligands of sig
nificantly disparate sizes or complexes with electronically 
"noninnocent" chelating ligands exhibit nonoctahedral structures. 
Examples of such nontraditional complexes are FeH2(PR3)4,' 
which has been described as a bicapped tetrahedron, and Mo-
(S2C6H4)3,2 which is trigonal-prismatic. In no case has a tran
sition-metal complex with six identical unidentate ligands been 
shown to adopt a nonoctahedral structure.3 We wish to report 
the first such example of what may prove to be an entire class 
of nonoctahedral ML6 species. 

Alkylation of the zirconium phosphine complex ZrCl4(dippe), 
dippe = l,2-bis(diisopropylphosphino)ethane, with 2 equiv of 
dimethylmagnesium in diethyl ether followed by crystallization 
from pentane yields colorless crystals of the thermally unstable 
compound, ZrMe4(dippe).4 The analogous hafnium complex 

MCl4(dippe) -I- 2MgMe2 •— MMe4(dippe) + 2MgCl2 
1, M = Zr 
2, M = Hf 

HfMe4(dippe) may be prepared similarly.5 Surprisingly, the 1H 
NMR spectra of the complexes in toluene-d8 show a single res
onance for the metal-bound methyl groups that is split into a triplet 
by coupling to two phosphorus nuclei. The 13Cj1Hj NMR spectra 
confirm the presence of only a single M-Me environment. The 
equivalence of the methyl groups is inconsistent with a cis octa
hedral structure unless there is an unusually low exchange barrier; 
however, the 1H and 13C NMR spectra of both compounds are 
temperature independent and show no broadening even at -80 
°C that would suggest the onset of decoalescence. An alternative 
possibility is that these d0 complexes are trigonal-prismatic. This 
suggestion would explain the presence of only one methyl envi
ronment if the bidentate phosphine ligand bridges between the 
two triangular faces. 

The addition of 6 equivalents of methyllithium to zirconium 
tetrachloride in diethyl ether followed by filtration and addition 
of A^TV'A'-tetramethylethylenediamine (tmed) yields colorless 
crystals of the hexamethyl zirconate salt, [Li(tmed)]2[ZrMe6].6 

MCl4 + 6LiMe + 2tmed — [Li(tmed)]2[MMe6] + 4LiCl 
3, M = Zr 
4, M = Hf 
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