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the enol ether 108 as a 5:3 mixture of cis and trans isomers (108a:108b).
Enol ether 108a: 'H NMR (CDCl;) 6 1.62 (s, 6 H), 2.01 (m, 2 H), 2.09
(t, 2H,J = 6.3 Hz), 2.70 (s, 2 H), 3.54 (s, 3 H), 5.78 (s, | H). Enol
ether 108b: 'H NMR (CDCl;) 4 1.62 (s, 6 H), 2.01 (m, 2 H), 2.33 (t.
2H,J=63Hz),247 (s,2 H), 3.53 (s, 3 H), 5.87 (s, | H); IR (CHCly).
(mixture of 108a and 108b) 2480 w, 2400 m, 2330 w, 1120's, 1100 m,
and 900 s cm™'. The identity of the enol ethers was confirmed upon acid
hydrolysis of the mixture to give a single compound which had an 'H
NMR spectrum identical to that for the aldehyde 109. A similar
treatment of the chromium complex 43 gave a 71% yield of 108.

Reaction of 43 and 44 with Diazomethane., Diazomethane was gen-
erated in ether at 0 °C by shaking N-methyl-N-nitrosourea with 40%
aqueous KOH. A large excess of diazomethane was prepared (10 equiv)
and added to a solution of 0.138 g (0.401 mmol) of the chromium com-
plex 43 in 10 mL of ether containing 0.32 mL (10 equiv) of pyridine.
After 15 min at room temperature the reaction was complete and the
excess diazomethane was swept with a stream of nitrogen into an acetic
acid trap. The solvents were removed, and the residue was flash chro-
matographed on silica gel with a mixture of ether, methylene chloride,
and hexane (1:1:20) to give 0.0522 g (0.314 mmol, 78%) of the enol ether
107: 'H NMR (CDCl;) 4 1.50 (m, | H), 1.61 (s, 6 H). 1.85 (m, | H).
1.9-2.1 (m, 4 H), 2.25 (m, | H), 3.54 (s, 3 H), 3.84 (s, | H), 3.87 (s.
1 H); mass spectrum, m/e (rel intensity) 166 M* (11), 151 (18), 119
(22), 91 (29), 67 (32), 43 (100). The identity of 107 was confirmed upon
acid hydrolysis to give a compound which had a 'H NMR identical with
that of the cycloadduct of methy! vinyl ketone and 2,3-dimethyl-1,3-bu-
tadiene. A similar reaction of the tungsten complex 44 gave an 80% yield
of 107.

Reaction of 43 with Hydrogen. A solution of 0.190 g (0.551 mmol)
of the chromium complex 43 in 25 mL of hexane was deoxygenated with
three freeze—thaw cycles (-190 °C to 25 °C), filled with argon, trans-
ferred to a Parr bomb, and then heated at 160 °C for 2.6 days under
1000 psi of hydrogen. The resulting mixture was filtered through Celite,
concentrated, and flash chromatographed with a mixture of ether,
methylenc chloride and hexane (1:1:30) to give a 71% of the methyl ether
106. Spectral data for 106: 'H NMR (CDCly) § 1.2 (m, | H), 1.6 (s.
6 H), 1.65-2.1 (m, 6 H), 3.24 (dd, 2 H, J = 1.7 Hz, 6.6 Hz), 3.34 (s,
3 H); IR (CHCl;) 2900 s, 1445 m, 1380 m, 1105 s, 950; mass spectrum,.
m/e (rel intensity) 154 M* (5), 123 (3), 122 (28), 121 (10), 107 (10).
The identity of the ether 106 was confirmed by an independent synthesis.
The Diels-Alder adduct of acrolein and 2,3-dimethyl-1,3-butadiene was
reduced with sodium borohydride. The resulting alcohol was methylated
with potassium hydride and methane fluorosulfonate to give a compound
that had an identical 'TH NMR spectrum and GC retention time as the
ether 106. A second product (18% GC yield) was also obtained from the
rcaction of 43 with hydrogen and may correspond to the further reduction
of the double bond in 106. Although the reaction conditions were suf-
ficient for complete conversion of 43, no attempt was made to optimize
the conditions for 106.
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Lasalocid A (1) is a naturally occurring carboxylic ionophore

that has been demonstrated to assist the transport of metal ions
as well as amine cations across hydrophobic membranes.!” Tt

COH

(1) Taylor, R. W,; Kauffman, R. F.; Pfeiffer, J. W. in Polyether Antibi-
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New York. 1982: Vol. 1, pp 103-184.
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Figure 1. Lasalocid A anion (LAS) mediated transport of [Co(NH;)¢]**
across a CHCly; membrane coupled to an NH,* countergradient.

has been proposed for such systems that the anionic form of the
antibiotic forms a complex with the cation to be transported such
that the adduct has a hydrophobic exterior. More recently,
outer-sphere complexes of lasalocid A and a number of metal
ammine complexes have been isolated.*3 The X-ray structure
of one such species, [Co(NHj)q(lasalocid A),], shows that three
lasalocid anions in cyclic conformations (maintained by intraligand
hydrogen bonds) surround the cobalt species such that the overall
geometry is approximately spherical. As a consequence of its
hydrophobic outer surface, the species is soluble in nonpolar
solvents such as chloroform. The lasalocid A/cobalt ammine
complex interactions involve a network of hydrogen bonds. These
investigations parallel other recent studies®’ documenting related

(3) Poonia, N. S.; Bajaj, A. V. Chem. Rev. 1979, 79, 389. Pressman, B.
C.; Painter, G.; Fahim, M. In Inorganic Chemistry in Biology and Medicine,
Martell, A. E., Ed.; ACS Symposium Series 140; American Chemical Society:
Washington, DC, 1980. Painter, G. R.; Pressman, B. C. Top. Curr. Chem.
1982, /01, 83.

(4) Shaw, J.; Everett, G. W. Inorg. Chem. 1985, 24, 1917 and references
therein.

(5) Takusagawa, F.; Shaw, J.; Everett, G. W. Inorg. Chem. 1988, 27, 3107.

(6) Alston, D. R.; Siawin, A. M. Z; Stoddart, J. F.; Williams, D. J;
Zarzycki, R. Angew. Chem., Int. Ed. Engl. 1987, 26, 693 and references
therein.
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Table I. Results of Lasalocid-Mediated Transport of Co(I1[) Amine
Complexes through a CHCI; Bulk Liquid Membrane after 6 h at 25 °C

initial
source phase av flux % enantiomeric
concn/ 1073 rate/ 107 purity %
complex moldm™  mmol h'! cm™? (receiving phase) transport
2 10.0¢ 43+ 0.1 6.3
¥ 20.0¢ 59£08 10%1¢ 43
4 20.01 7.1£0.3 27 & 4% 5.2

%The initial pH was 6.0, rising to 6.8 at the completion of the run.
¢ Mean and average deviation from three separate runs. ¢ Racemic mixture.
4Initial pH 5.9. ¢Corresponds to 55% A isomer, 45% A isomer. /Initial pH
5.5. #Corresponds to 36.5% A isomer, 63.5% A isomer.

host-guest adduct formation between ammine complexes and
crown polyethers.

Lasalocid A has also been employed previously for the optical
resolution of chiral amines by fractional crystallization of their
lasalocid salts.®  Similarly, synthetic chiral macrocycles have been
used as ionophores for the selective enantiomeric recognition and
transport of a number of optically active guests such as asymmetric
ammonium ions.>!® The aim of the present project was to in-
vestigate the potential of lasalocid A as an ionophore for the
transport of inert metal complexes such as [Co(NH;)]Cl; (2),
[Co(1,2-diaminoethane);]Cl; (3), and u-cis-[Co(diethylenetri-
amine),](ClO,4); (4). In addition, the prospect of achieving
chiroselective transport of the latter two complexes was of especial
interest.

Successful transport of the Co(I11) complexes 2-4 was achieved
by using a system involving aqueous source and receiving phases
separated by a chloroform phase containing a | mM concentration
of the ionophore as its sodium salt.!! The arrangement used for
the transport of [Co(NH3)¢]Cl; (2) is illustrated in Figure 1, and
details of the experiment are summarized in Table I; it should
be noted that, given sufficient time, transport proceeds to com-
pletion.

For 3 and 4, a racemic mixture of the respective complex (total
concentration 20 mM) was present in the source phase at the
beginning of each transport run. Details of the experiments, which
were terminated after 6 h, are also summarized in Table 1. At
the end of these experiments, partial resolution of the complex
in the receiving phase was observed in each case. For 3, the
observed optical rotation of the receiving phase corresponded to
55% of the A isomer and 45% of the A isomer being present.12
For 4, the resolution was greater, with 36.5% of the A isomer and
63.5% of the A isomer occurring in the source phase. In each case,

(7) Very recently, crown ether ionophores incorporating proton-ionizable
groups have been shown to facilitate the hydrophobic membrane transport of
Co(I1) and Ni(II) from a source phase consisting of ammonium hydroxide
(pH 12). The evidence indicated that transport to the acid receiving phase
involved adduct formation between the crown ionophore and the respective
metal(Il) ammine species. See: Strzelbicki, J.; Charewicz, W. A; Liu, Y
Bartsch, R. A. J. Inclusion Phenom. 1989, 7, 349.

(8) Westley, J. W.; Evans, R. H.; Blount, J. F. J. Am. Chem. Soc. 1977,
99, 6057.

(9) Lindoy, L. F. In The Chemistry of Macrocyclic Ligand Complexes;
Cambridge University Press: Cambridge, U.K., 1989.

(10) See, for example: Lehn, J.-M.; Simon, J.; Moradpour, A. Helv. Chim.
Acta 1978, 61, 2407. Newcomb, M.; Toner, J. L.; Helgeson, R. C.; Cram,
D.J. J. Am. Chem. Soc. 1979, 101, 4941.

(11) The cell design was based on that of Di Casa et al.: Di Casa, M.;
Fabbrizzi, L.; Perotti, A.; Poggi, A.; Tundo, P. Inorg. Chem. 1985, 24, 1610.
The interfacial area (for each half of the cell) was 4.9 % 0.5 cm? The volume
of each phase was 20 mL, each phase was stirred independently, and the
temperature was maintained at 25 % 0.1 °C. For all experiments, the re-
ceiving phase was 0.1 mol dm™ in ammonium chloride.

(12) Measured rotations were converted to enantiomeric purity by using
the specific rotation measured for the levo isomer of [Co(l,2-diamino-
ethane);}l; in 0.1 M NH,Cl {[a]?%,; = +1512 = 4°}. By way of example,
a typical observed rotation at 436 nm for the receiving phase in a 10-cm cell
was +0.029 % 0.002°: the enantiomeric purities derived from measurements
at four other wavelengths, although of lower accuracy since smaller rotations
were involved, were still within experimental error of the value quoted in Table
I. The specific rotation for u-cis-[Co(diethylenetriamine),}(ClO,); at (546
nm) was taken from the following: Keene, F. R.; Searle, G. H. Inorg. Chem.
1972, 11, 148. Once again, enantiomeric purity derived from measurements
at other wlavelengths agreed within experimental error with the value quoted
in Table 1.

0002-7863/90/1512-3660802.50/0

the measured optical rotation of the source phase at the end of
the experiment was of equivalent magnitude but opposite in sign
to that measured for the corresponding receiving phase, thus
confirming the internal consistency of the individual experiments.

Apart from its considerable intrinsic interest, the differential
transport of intact metal complexes across bulk hydrophobic
membranes provides a new technique for the separation of such
species. In particular, the present study demonstrates that the
procedure has special promise for the (partial) resolution of
suitable optically active metal complexes. The latter remains a
classical requirement in coordination chemistry that is not always
readily met by conventional methods.
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Inorganic cyclic systems that involve potentially delocalized,
multiply bonded rings have been known for many years.! Perhaps
the best known examples are borazine,? the cyclic phosphazenes,’
certain cyclic sulfur nitrogen compounds,* and homocyclic cations
of S, Se, or Te.> Recent additions have included the cyclic
six-membered rings based upon B,P,® and Al;N," skeletons and
the cyclopentadiene-like Ps~ ion.2  Oddly, there do not appear
to be any stable counterparts of these compounds that involve the
heavier main group 4 elements Si-Pb as an integral part of an
unsaturated system for which a classical quasi-aromatic bonding
model is possible.” In this paper, the first synthesis and char-
acterization of such a compound, the trimeric species (GeNAr),
(where Ar = 2,6-i-Pr,C¢H;) (1), is described.

The title compound 1 was synthesized by the treatment of
Ge[N(SiMe,),],!0 with H,NAr! as follows: Ge[N(SiMe,),],

(1) (a) Haiduc, 1.; Sowerby, D. B. The Chemistry of Inorganic Homo- and
Heterocycles; Academic: London, 1987. (b) Woolins, J. D. Non-Metal Rings,
Cages and Clusters; Wiley: Chichester, 1988. There are also numerous
related compounds that feature inorganic atoms as part of a delocalized
organic ring system that are not strictly regarded as inorganic rings. Examples
are the phosphabenzenes: (c) Mirkl, G. Angew. Chem., Int. Ed. Engl. 1966,
5, 846. (d) Ashe, A. J. J. Am. Chem. Soc. 1971, 93, 3293,

(2) Stock, A.; Pohland, E. Chem. Ber. 1926, 59, 2215. See also in ref la:
Maringgele, W. Vol. 1, p 17.

(3) Allcock, H. R. Phosphorus Nitrogen Compounds; Academic: London,
1972, Allen, C. W. Ref 1a, Vol. 2, p 501.

(4) Chivers, T. Vol. 2, p 793 of ref 1a. Chivers, T. Chem. Rev. 1988, 85,
341. Roesky, H. W. Adv. Inorg. Chem. Radiochem. 1979, 22, 239.

(5) Gillespie, R. J. Chem. Soc. Rev. 1979, 8, 315. Steudel, R.; Strauss,
E.-M. Vol. 2, p 769 of ref la.

(6) Dias, H. V. R.; Power, P. P. Angew. Chem., Int. Ed. Engl. 1987, 26,
1270; J. Am. Chem. Soc. 1989, 111, 144,

(7) Waggoner, K. M.; Hope, H.; Power, P. P, Angew. Chem., Int. Ed.
Engl. 1988, 27, 1699.

(8) Baudler, M.; Duster, D.; Ouzounis, D. Z. Anorg. Allg. Chem. 1987,
544, 87. Baudler, M. Angew. Chem., Int. Ed. Engl. 1987, 26, 419. Janoshek,
R. Chem. Ber. 1989, 122, 2121. Six-membered P rings stabilized by com-
plexation to transition metals have also been obtained; Scherer, O. J.; Sitz-
mann, H.; Wolmerhduser, G. Angew. Chem., Int. Ed. Engl. 1985, 24, 351.

(9) (a) Species such as SiCsHg have been studied at low (10 K) temper-
atures in an argon matrix,”® and its aromatic character was proved by PE
spectroscopy and UV-vis data. Greater stability has been introduced by using
bulky substituents, but no structures have been reported to date. (b) Souluki,
B.; Rosmus, P.; Bock, H.; Maier, G. Angew. Chem., Int. Ed. Engl. 1980, 19,
51. (c) Mirkl, G.; Schlosser, W. Angew. Chem., Int. Ed. Engl. 1988, 27, 963.
Jutzi, P.; Meyer, M.; Reisenauer, H. D.; Maier, G. Chem. Ber. 1989, 122,
1227,

(10) Harris, D. H.; Lappert, M. F. J. Chem. Soc., Chem. Commun. 1974,
895

('ll) H,N(2,6-i-Pr,C¢H;) was obtained commercially and purified by
distillation from CaH, under reduced pressure.
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