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ION PAIRING IN METAL
NITRATE COMPLEXES OF OPTICALLY ACTIVE
CROWN ETHERS DETECTED BY CIRCULAR DICHROISM

Gerald D. Malpass, Jr., Richard A. Palmer*, and Robert G. Ghirardelli

Department of Chemistry, Duke University, Durham, N.C. 27706

Summary: The detection by circular dichroism of ion pair formation in the lithium
nitrate complexes of two new optically active crown ethers is described.

L js their ability to solubilize

One of the most important properties of crown ethers
certain inorganic salts in nonpolar media. Anions of salts so dissolved are unusually
reactive, and numerous synthetic systems which capitalize on this reactivity have been
devised.Z Prominent examples include the "purple benzene" reagent, a mild and efficient
oxidant, consisting of KMn04 solubilized in benzene by addition of dicyclohexano-18-
crown-63, and the “naked anion" complexes of 18-crown-6 with KF and KOAc, which provide
extraordinarily nucleophilic F~ and QAc~ jons.4
ments have shown that the F~ and 0OAc™ anions exist primarily as free ions in acetonitrile

solution. However, SSun NMR indicates that the 18-crown-6-KMn0, complex exists in benzene
3

In the latter systems, conductance measure-

solution as an ion pair.

Numerous techniques have been utilized to study crown ether complexes of ion pairs,
including ESR,5 measurement of electric dipole moments,6 7
A recent review by Kolthoff8 and a two volume monograph edited by Szwarc
ether complexes of jon pairs in detail. Here we wish to report the use of circular

dichroism measurements to study ion pair formation in the 1ithium nitrate complexes of two

and absorption spectroscopy.

9 discuss crown
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new optically active crown ethers, namely, (9R,10R}-9,10-dimethy1-5,6,9,10,12,13,-hexa-
hydro[blbenzo-1,4,8,11-tetraoxacyclotetradecin {4) and (7R,8R)-7,8-dimethy1-2,6,9,13-
tetraoxabicyclo[12.4.0]octadecane (5).

Polyether 4 was prepared (Scheme 1) by a procedure similar to that used to prepare
(Optically pure (2R,3R)-2,3-butanediol

the achiral parent compound, benzo-14-crown-4.
(1) is available from Tridom Chemical Inc., Hauppaauge, N.Y.)
13C NMR spectra, and mass spectra (parent ion at m/e =
assignhed structure.

10

gives the correct molecular weight to within 6 per cent.

Elemental analysis, 1y and

280) are consistent with the
In addition, molecular weight determination by vapor phase osmometry
The cyclohexano derivative 5 was

prepared by hydrogenation of 4, and GC analysis revealed only one product, probably the

cis isomer.

11

The lithium nitrate complex of 4 can be prepared by slow evaporation of

acetonitrile-toluene mixtures containing equimolar quantities of 4 and LiNO under a

stream of dry nitrogen at room temperature and pressure; elemental analysis is consistent

with an anhydrous 1:1 complex (m.p. 178-181°C).
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Nitrate CD intensity in

4-LiNO3 complex as a function

of solvent composition: (a) 100%
CHC13; (b) 90% CHC13/10% TFE;

(c) 80% CHC13/20% TFE; {d) 62%
CHC13/38% TFE; (e) 100% TFE
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The circular dichroism (CD) of the LiC104 complex of 4 in methanol shows two
positive bands at 222 and 274 nm which are assigned to the 1LA and 1LB transitions of the
substituent aromatic chromophore. This spectrum contrasts with that of the LiN03 complex
of 4 in CHC13 (Figure 1, curve (a)) which shows a negative band near 290 nm in the
region of the NOy n » v* transition. Since the NO; fon is inherently achiral, the appear-
ance of an induced CD band in this region indicates that the N0§ ion is associated, as
part of an jon pair, with the chiral lithium ion-crown complex in CHC13. (The stronger,
positive lLB band of the aromatic chromophore ([8],74 & 250 deg-cmz-dmo1e‘1) overlaps
with the nitrate absorption region, making a determination of the N0§ n- =* CD band
maximum difficult.) Similar induction of circular dichroism in ionic benzophenone
derivatives by complexation with chiral crown ethers was recently reported by Kaneko, et
a1.12 A solution of the complex in 50% CHC13/50% cyclohexane (v/v) shows no increase in
N03‘ CD intensity, implying that in CHCI3 ion pair formation is complete. From this
observation it is possible to estimate a value of about 60 deg'cmz-dmole'1 for the [6]290
value of the 4:LiNO; ion pair.

Addition of 2,2,2-trifluoroethanol (TFE) to the chloroform solution causes a reduc-
tion of the NO;™ CD band intensity, with the concentration of 4 and LiNO4 held constant
(Figure 1). Two explanations can be invoked for this behavior. One involves the dis-
sociation of nitrate alone from the crown-cation-anion species:

4-LiT,N0g™ = 4-Lit + Nog” (1)

The other involves complete dissociation of the salt (probably as an ion pair) from the
crown:
4-Li%,N03” = 4 + LiNOg (2)

In equilibria (1) and (2) we make no distinction between contact and solvent separated ion
pairs. In either case, nitrate ions which are not associated with the chiral crown ether
presumably would not contribute to the N0§ CD intensity. We favor the former explana-
tion (equilibrium (1)) for the following reasons: in 100% TFE, strong splitting of the
1LB aromatic band, which is a good indicator of complex formation in benzo-crown ethers,1
indicates that the complex is not completely dissociated in this solvent. In fact, the
formation constant K of the lithium ion complex of benzo-l4-crown-4 (benz-14/4) in TFE can
be determined spectrophotometrically by monitoring changes in the 1LB band of the substit-
uent aromatic ring as a function of lithium jon concentration.l3 These occur up to about
a 1.1:1.0 cation:crown mole ratio, beyond which the spectrum remains unchanged. Overlays
of absorption spectra measured at various lithium ion concentrations show three well
defined isosbestic points, strongly suggesting that only the free crown ether and its 1:1
Tithium complex exist in solution. From these experiments log K for the equilibrium Li*

+ benz-14/4 < Li*benz 14/4 in TFE was calculated to be 4.69 + 0.06. Based on this K value,
the percent lithium jon-crown complex dissociated in 100% TFE is estimated to be less than
5% at the concentrations used in the €D study. The large changes in the NO§ CD which
occur upon addition of TFE are therefore not due to a shift to the right in equation (2),
but rather to a shift to the right in the fon-pair equilibrium (1).
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The aliphatic cyclohexane analog 5 displays the same type of ion pairing activity in
CHC15 as does 4, (Figure 2) but the absence of the aromatic ring allows determination of
the shape and [e]max of the N03“ CD band. In Figure 2, curve (a) shows the CD spectrum of
a 2x10"2M solution of 5 in which some LiN03 has dissolved; curve (b} was obtained after
more LiNOy had been dissolved. In curves (¢) through (f) the concentration of the complex
is held constant and the solvent composition is varied, producing a reduction in NO3™ CD
intensity, as before. Induced circular dichroism has also been observed in the nitrate
ions of the 4-In(NO3), complex. It is not clear whether the NO3™ fons in this
complex actually occupy a coordination site on the zinc(II) ion, or are ion-paired to the
complex by outer-sphere association.

The detection of ion pair formation by circular dichroism represents a novel method of

14 1n addition, the orientation of the inherently achiral

observing ion-pairing.
chromophoric anion with respect to the chiral cationic complex will determine the nature
of the CD. Therefore, CD may provide an important method for studying the structures of
ion pairs in solution, and we are currently extending the technique to other systems in

order to explore this possibility.
REFERENCES

1. C. J. Pedersen, J. Am. Chem. Soc., 89, 7017 (1967).
2. G. W. Gokel and H. D. Durst, Synthesis, 1976, 168.
3. D. J. Sam and H. E. Simmons, J. Am. Chem. Soc., 94, 4024 (1972).
C. L. Liotta, E. E. Grisdale, and H. P. Hopkins, Jr., Tetrahedron Letters, 48, 4205

(1975).
5. M. P. Eastman, Y. Chiang, G. V. Bruno, and C. A. McGuyer, J. Phys. Chem., 81, 1928
(1977).

6. T.P. 1 and E. W. Grunwald, J. Am. Chem. Soc., 96, 2879 (1974).
7. U. Takaki, T. E. Hogen Esch, and J. Smid, J. Am. Chem. Soc., 93, 6760 (1971).
8. I. M. Kolthoff, Anal. Chem. Rev., 51, IR, (1979).
9. M. Szwarc, Ed., "Ions and Ion Pairs in Organic Reactions", Wiley Interscience,
New York, 1972, Vol. 1; 1974, vol. 2.
10. C. L. Liotta, personal communication.
11. Catalytic hydrogenation of dibenzo-18-crown-6 yields two isomers, cis-syn-cis (N. K.
Dalley, et al., J. C. S. Chem. Comm. (1975) p. 43) and cis-anti-cis (N. K. Dalley,
et al., J. C. S. Chem. Comm. (1975) p. 84) dicyclohexano-18-crown-6. The cyclchexano

ring fusions in both cases are ¢is.
12. 0. Kaneko, N. Matsuura, K. Kimura, and T. Shono, Chemistry Letters, (1979),

p. 369.

13. LiOH was used instead of LiNO3 in the titration owing to its greater solubility in
TFE.

14. S. Takenaka, M. Ako, T. Kotani, A. Matsubara, and N. Tokura, J. €. S. Perkin II,
1978, 95,

(Received in USA 24 December 1979)



