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Abstract: The complex&ion behavior of crown and lariat ethers with alkali metal ions has been assessed 
by means of FAB-mass spectrome@ and shown to cm-relate semi-quantitatively with findings obtained in 
the solution phase. 

The fascinating recent report of Dearden and coworkers1 that mass spectral methods may be used 

to characterize crown ether complexes and reactions in the gas phase. prompts us to disclose our 

own rtlated efforts. Their basic findings were that in the gas phase, cations prefer to be within the 

crown ether hole and that when sandwich complexation occurs, it is between macrocycles and 

cations in which the latter is larger than the former. In the broadest sense, we confirm their finding 

for the 15crown-5 system, and show that when a lariat ether! sidearm is present, sandwich 

complexation is not required even when the aforementioned size differential exists. 

Since fast atom bombardment (FAD) mass spectrometry provides a rapid means for 

investlgating complex&on between crown ethers and metal ions in solutionsa we applied the FAB- 

MS m&hod to the analysis of lariat ether complex&ion in a matrix solution. Under normal electron 

impact conditions, gas phase samples are ionized by the electron beam which results in ionization 

of the parent and/or production of fragments. In the FAB technique, the energy in the incident beam 

causes desorption of the substrate (complex) from a solution matrix and far fewer fragments are 

generally observed ante the system reaches the gas phase. The advantage of this technique for the 

exploration of complex&on is that the complexes tend to retain their integrity in the gas phase and 

can thus be observed directly. 

The FAB technique is known to produce results that correlate with solution chemistry. 

Because so little sample is required in this technique,” we thought to apply it to the assessment of 

cation binding strengths’ in the large and multi-ring macrocycles such as those recently developed 

to sene as cation-conducting channels.’ Sandwich complex&ion by crown ethers that possess 

cavity sizes smaller than the cation to which they bind are well known in solution and have been 
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studied in the report noted above. Lariat ethers have the ability to provide a bound cation with 

three-&rnensional solvation without requiring a sandwich structure.g As models for these more 

complex systems, we evaluated Na+ stability constants for the N-pivot lariat ethers in the FAB matrix 

by determining the peak intensity of the [crown*Na]+ relative to that of the free ligand [crown*H]+. 

We have thus assessed the binding of carbon- and nitrogen-pivot lariat ethers by using the FAE3 

technique. The compounds studied are summarized below. 

_ 
l,R=H 6, R = 4-Ph-OMe 9, R = H 14,R=H 

2, R = MOEOMe 7, R = MMMOH 15, R=MPh 
19, R = H 

10, R = Me 

3, R = MOEOPr 6, R = 2_Ph_OMe 11, R = Pr 
20, R = CH,Ph 

“’ R = EoEoEoMe 2, R = 2_MeOP,, 
4, R = MOEOEOMe 12, R = MPh 17, R = EOEOMe ’ 
5, R = MOEOEOEMPh 13, R = MCOO_1-h 18, R = EC%% 22, R = EOMe 

The hrst compound studied was 15-crown-5, a non-lariat crown ether. In this case, no 

sidearm involvement is possible in complexation so a comparison with sidearm samples can be 

made, A 1: 1 mixture of 15-crown-5 and KC1 was studied. The most intense peak in the spectrum 

was observed at m/z = 259 [15-crown-5*Kl+. A second ion peak at m/z = 479, consistent with the 

formulation [[ 15-crown-5)2*K]+. was also observed. The spectrum suggests that the 2: 1 complex of 

15-crown-5 with KC1 was formed in the matrh~~ 

The FAE3 spectra of 15-membered-ring carbon-pivot lariat ether mixtures tith KC1 show the 

corresponding [(crowr&*Kl+ peaks along with [crown*Kl+ peaks are observed but they are less i- 

ntense than those observed for the 15-crown-S/KC1 mixture. The relative abundance of the [(C- 

ku-lat),*K]+ peaks are listed in the Table. The data indicate that the relative intensity of the 

[[C-lartat),*K]+ peak decreases with increasing sidearm length. For 1:l mixtures of the 15 

membered-ring derivatives with NaCl, the compounds with short sidearms gave weak 

[(C-larLat)z*Na]+ peaks and the FAB spectra or derivatives having longer sidearms showed no 

[(C-lariat),*Na]+ (see Table]. The data suggest that formation of the 2: 1 complexes becomes less 

favora’ble as cation size is decreased. In addition, in the case of the mixtures with NaCl, the relative 

abundance of the I&Xariat),*Nal+ peak correlates (for the two examples studied) with sidearm 

length. The relative abundance of I(crown1z*metall+ peak in the FAB spectra of 12-membered and 

15-membered-ring N-pivot lariat ethers are also su mmarized in Table I. 
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Table. Relative intensities of [(~rown)~*116J+/[crown~~~ 

Cpd. C/N Ring 

No. Pivot Size Sidearm 
W 

-Ratio A-a Ratio 

for K+ for Na+ Bb log KS (Na+)” 

1 N/A 15 

2 (: 15 

3 (.’ 15 

4 <: 15 

5 (: 15 

6 &I 12 

7 N 12 

8 N 12 

9 hl 15 

10 N 15 

11 rd 15 

12 bi 15 

13 N 15 

14 PI 18 

15 rd 18 

16 hi 18 

17 N 18 

18 El 18 

19 I4 18 

20 r4 18 

21 rd 18 

22 El 18 

H 

CH,OCH,CH,OCH, 

CH,OCH,CH,OBu 

CH,O(CH,CH,O),CH, 

CH,O(CH,CH,O),CH,Ph 

C,H,-4-OCH, 

CH,CH,CH20H 

C,H,--2-OCH, 

H 

CH3 

CH,CH,CH,CH, 

CH2C6H5 

CH2COO-t-Bu 

H 

CH2C6H5 

CH,CH,Ol,CH, 

~CH,CH,O~,CH, 

CH,CH,OCH, 

H 

CH2C6H5 

C,H,-2-OCH, 

CH,CH,OCH, 

9.7 

5.0 

0.6 

0.3 

0.2 

1.9 

1.0 

1.0 

3.5 

1.0 

0.7 

0.5 

0.5 
- 

1.3 

0.1 

0 

0 

1.7 

0.5 

0.4 

0.7 

0.3 

0 

0 

0 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 3.24 

- 3.01 

- 3.09 

- 3.13 

- 3.51 

0.52 1.18 

0.95 2.35 

1.52 2.75 

1.02 1.70 

2.63 3.39 

2.66 3.02 

2.11 2.77 

4.16 4.20 

0.81 2.69 

3.57 3.41 

3.87 4.28 

5.16 4.33 

8.30 4.58 

0.38 1.50 

2.33 2.72 

2.60 3.65 

6.48 4.75 

a. Ram A is 100[(crown)2*M’/[crown*Ml’. b. Ratio b is krown*Nal+/[crown*Hl+. c. Binding 

constants (log KS, were determined in anhydrous methanol at 25.0 ‘C. 

The [(N-lariat),*metal]+ peaks of N-pivot lariat ethers were much less intense than those 

observed for C-pivot lariat ether mixtures. The data suggest that the presence of the sidearms 

decreases 2:l complex formation in solution. Furthermore, for 12-membered-ring lariat ethers, 

[(N-lariat)l*Nal+ peaks decrease fn the order (log KS in CH30H): 6 (1.38) > 7 (2.35) > 8 (2.75). Note 

that as the steric accessibility of the sidearm donor group increases, the tendency for the system 

to form 2: 1 complexes diminishes. As expected from solution studies, 18-membered-ring N-pivot 

lariat ethers and BiBLEs (bibracchial. ie.. two armed lariat ethers1 showed no peak attributable to 
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[(siBLE],*KJ+ indicating that the 2: 1 complex with KC1 is not formed in the matrix. 

From these data, it can be seen that there is a good correlation between the peak intensity 

of [crown*Na]+ relative to [crown*H]+ and the sodium binding constant in anhydrous methanol. The 

intensity of [crown*Na]+/[crown*H]+ increases with an increase in the solution sodium binding 

constant. These results demonstrate that FAB mass spectrometry can be used for estimating the 

stability constants of lariat ether complexes and therefore semi-quantitatively, the effect of the 

sidearm on complexation in solution. 

The sensitive FAB technique may readily be applied to the study of complexation interactions 

as observed in the mass spectrometer that correlate with solution phase observations. We have 

applied these to a number of model systems and extension of the technique to the study of far more 

complex structures is underway and will be reported in due course. 
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