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INTRODUCTION 

I. General Information about Crown Ethers 

Crown ethers are a class of large-ring polyethers that has 

recently attracted considerable attention. The compounds are 

cyclic polymers of ethylene glycol, (OCH2CH2)n. The first paper 

describing their chemistry was written by Charles J. Pederson and 

published in 1967 ( 1) . Pederson's interest in phenolic 

complexing agents for alkali metal ions gave rise to his original 

syntheses and studies of crown ether molecules (1). A wide 

variety of crown ethers have been subsequently synthesized and 

studied (1-5, 7-13). 

Crown ethers are named in the form x-crown-y, where x is the 

total number of atoms in the ring and y is the number of oxygens. 

For example, the cyclic hexamer of ethylene glycol is denoted by 

18-crown-6 (see Fig. 1). 
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Fig. 1 

More systematic names may be used for these compounds, but they 

are usually quite complicated. For example, the systematic name 

for 18-crown-6 is 1,4,7, 10, 13, 16-hexaoxacyclooctadecane. To 

denote the presence of a nitrogen atom in place of oxygen in the 
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macroring structure, the term azacrown is used. A di-substituted 

azacrown, for example, is l,lO-diaza-18-crown-6 (see Fig. 2). 

Fig. 2 

A major feature of crown ethers is their ability to bind or 

complex primary alkylammonium cations (RNH3)+' along with several 

metal cations, such as Li+, K+, Na+, and Cs+. Cation-polyether 

complexes arise due to an ion-dipole interaction between the 

cation and the negatively-charged oxygen atoms in the polyether 

ring. A relationship has been discovered between the structure 

of a crown ether and its ability to complex various cations. The 

molecule most strongly binds the cation whose ionic diameter 

closely matches the ring's cavity size. For example, 18-crown-6 

binds K+ strongly because it has a cavity size of 2.6-3.2 A and 

K+ has an ionic diameter of 2.66 A (6). The basicity of the 

oxygen atoms and steric hindrance in the polyether ring also 

influence the stability of the complex. 

II. Possible Uses of Functionalized Crown Ethers 

The previously described binding of cations by crown ethers 

generates several ideas for using these molecules in 

organometallic chemistry. This study focused on obtaining crown 
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ethers with binding sites which could bind transition metals. 

The following ideas relate to this. 

1 ) Host-guest complexation afforded by primary 

alkylammonium ions could be used to remove transition 

metals containing a bound crown ether group from 

solution. 

2) An anionic reagent could be directly delivered to the 

vicinity of a transition metal held by a ligand 

attached to a crown ether, since anions may be paired 

to complexed cations. 

3) Complexed alkali metal ions held close to a transition 

metal coordinated CO group could enhance the 

electrophilicity of the carbonyl carbon, activating 

that group toward nucleophilic attack. 

The above uses require crown ether compounds with an additional 

transition metal binding site. 

III. Phosphine Functionalized Crown Ethers 

Phosphorus is an excellent ligand for transition metals in 

low valence states. This is due to d-p pi bonding between 

phosphorus and transition metals. 

transition metals pi bond with 

The occupied p-orbitals on the 

the low-lying unoccupied d-

orbitals on phosphorus. Therefore, phosphine derivatized crown 

ether molecules are used to stabilize transition metal complexes. 

Pyridine derivatized crown ethers are also of possible utility 

since nitrogen bonds quite strongly to transition metals. 
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Phosphine or pyridine crowns can potentially bind two types 

of metals. Thus, phosphine crown systems can have several 

interesting potential uses which are extensions of the ideas 

presented above. One example is based on sandwich complexation, 

binding which involves a single metal ion held between two crown 

ether cavities (see Fig. 

Fig. 3 

This kind of complexation could induce trans-to-cis 

iscmerization (see Fig. 4). 

Fig. 4 

IV. Method of Attachment 

One method used to attach crown ethers to metal binding 

groups is the amine-aldehyde condensation reaction. Aldehydes 

react with primary amines to yield substituted imines, which are 

sometimes referred to as Schiff bases. 

RCHO + R'NH2 -- RCH=NR' + H20 
Schiff-base 
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To increase the stability of the imine, the carbon or nitrogen 

may be substituted by a phenyl group. 

As evident from the short scheme shown above, two options 

arise for making phosphine or pyridine functionalized crown 

ethers. The phosphine or crown ether can either have the 

aldehyde or amine group with the phosphine or pyridine 

functionalized in the opposite fashion. Either approach could 

yield a functionalized crown which could be used to study metal 

systems. 

Alternatively, crown systems may be synthesized which 

incorporate a phosphorus or a nitrogen directly into the ring 

itself. Rosen (15) and Kyba (16) and their coworkers reported 

the first polyphosphino macrocycles designed specifically for use 

as transition metal binders. DelDonno and Rosen formed a nickel 

(I I) complex of their phosphino macrocycle (15). Similarly, 

azacrowns may be synthesized and the ring nitrogen used to form 

transition metal complexes. Gokel and Garcia prepared monoaza-

18-crown-6 and treated it with KH, which resulted in a negatively 

charged azacrown (17). This azacrown could, in principle, be 

used to prepare transition metal-crown derivatives. 

This study focused on obtaining pyridine and phosphine 

derivatized crown 

condensations. Both 

prepared and studied. 

ether compounds 

a phosphine and a 

via amine-aldehyde 

pyridine crown were 
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EXPERIMENTAL 

I. GENERAL INFORMATION 

Reagents: Molecular sieves (4A) were purchased from the 

Fisher Scientific Company. 4-pyridinecarboxaldehyde was acquired 

from the Aldrich Chemical Company. The amine (H2N-) derivative 

of benzo-IS-crown-S was obtained from Dr. John Mosbo, James 

Madison University. The amine is in the 4, or meta para, 

position for this crown ether. Nitrogen gas was purchased from 

Mineweld Company, and argon gas was purchased from Mittler 

Supply, Inc. Q.-Aminophenyldiphenylphosphine was obtained from 

Dr. D.M. Roundhill, Tulane University. 4-Formyl-benzo-lS

crown-S, which is the aldehyde derivative of benzo-IS-crown-5, 

was prepared as given in the synthesis section of this report. 

N-methylformanilide was purchased from Aldrich Chemical Company. 

Solvents: Dichloromethane, heptane, benzene, and 

isopropanol were purchased from Fisher Scientific Company and 

were all used as received. Deuterated chloroform and 

tetramethylsilane (TMS) were purchased from Norell, Inc. 

Phosphorus oxychloride, sodium hydrogen sulfite, ethanol, and 

sulfuric acid were all obtained from the Ball State Chemical 

Storeroom. 

Melting Points were obtained with a Thomas Hoover capillary 

melting point apparatus and are uncorrected. 
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Infrared Spectra were recorded on a Nicolet 5ZDX FT-IR 

instrument. The wavelength values are given in wavenumbers 

(reciprocal centimeters, em-I). 

Nuclear Magnetic Resonance Spectra were recorded on either a 

Varian T-60 or FT-80A spectrometer. The chemical shifts are 

reported in parts per million (ppm) relative to TMS (13C and IH). 

Mass Spectra were recorded with a Hewlett-Packard 5980A mass 

spectrometer. 

Combustion Analysis was performed by Midwest Microlab, 

Indianapolis, Indiana. 

Thin Layer Chromatography analysis was done using Silica Gel 

IB-F sheets by J.T. Baker Chemical Company. 
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II. SYNTHESES 

4-Formyl-Benzo-IS-Crown-S 

N-methylformanilide (9.21 mL, 74.6 rnrnole) and POC13 (6.9S 

mL, 74.6 rnrnole) were mixed together without heating in a SO-mL, 

3-neck round-bottomed flask under nitrogen. This mixture was 

allowed to stand for 20 minutes, then benzo-1S-crown-S (10.0 g, 

37.3 rnrnole) was added. The reaction vessel was heated to 90 0 C 

and maintained at that temperature for 4 hours. The resulting 

thick brown oil was allowed to cool to room temperature. It was 

then added to H20 (approx. 12 S mL), and the crude product was 

extracted into 'CH2CI2 (6 x 20 mL). The CH2Cl2 was removed by 

using a rotary evaporator, and a brown oil was obtained. This 

mixture was then added to a solution of 4.S2 g of NaHS03 in H20 

(30 mL) and ethanol (24 mL). The resulting solution was warmed 

for ca. 25 minutes while stirring. A thick, tannish-colored 

precipitate developed. This precipitate was collected and 

suspended in a mixture of H20 (80 mL) and CH2Cl2 (40 mL) at OOC. 

Concentrated H2S04 (ca. 25 mL) was slowly added until all of the 

solid had dissolved. The CH2Cl2 layer was separated, the aqueous 

layer extracted with CH2C12 (4 x 15 mL), and the combined CH2Cl2 

extracts evaporated under reduced pressure. This product was 

then recrystallized three times from 2-propanol· The crystals 

were allowed to form in the freezer overnight. The resulting 

white crystals were recrystallized one additional time from 
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isopropanol. The product was characterized by its melting point, 

and proton NMR and IR spectroscopy. 

Pyridine-Functionalized Benzo-IS-Crown-S 4-NCSHsC(H)=N-Benzo-1S
Crown-S 

Approximately 75 mL of benzene was placed in a 250-mL round 

bottomed flask. The bottom of the flask was covered with 

molecular sieves. Nitrogen gas was bubbled into the benzene for 

15 minutes. Amino-benzo-15-crown-5 ( 0 . 500 g, 1.76 mmole) was 

added to the flask, which was then stoppered with a rubber 

septum. Using a microliter pipette, 4-pyridinecarboxaldehyde 

(0.211 mL, 2.21 mmole) was injected through the rubber septum. 

The 4-pyridinecarboxaldehyde was measured under nitrogen since it 

is very dangerous. The reaction mixture was left stirring gently 

for 48 hours at room temperature. The solvent was then removed 

under reduced pressure yielding 0.64 g (93.5%) of a yellow solid. 

The yellow solid was crystallized by dissolving it in ca. 250 mL 

of a boiling isopropanol-heptane solution (11%:89%) and then 

cooling it for two hours. The resulting yellow crystals were 

collected on a filter (m.p. The product was 

characterized by elemental analysis, mass spectrometry, 1H NMR, 

13C NMR, and IR measurements. 

Phosphine-Functionalized Benzo-IS-Crown-S ~6Hs12P-o-C6H4N=C(H)
Benzo-IS-Crown-S 

4-Formyl-benzo-15-crown-5 (0.5055 g, 1.71 mmole) and 0-

aminophenyldiphenylphosphine (0.4727 g, 1.71 mmole) were placed 
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Ca. 75 mL of 

benzene was poured into the flask (under the hood) and the 

crystals were dis sol ved. Molecular sieves were added to the 

reaction flask, and the flask was stoppered with a rubber septum. 

Argon gas was injected into the flask and left bubbling into the 

system. The reaction mixture was left gently stirring for 13 

days. The reaction was monitored by thin layer chromatography. 

The reaction mixture was gravity-filtered by using a 60 degree 

glass funnel fitted with f il ter paper. The reaction flask was 

rinsed three times with dichloromethane and the washings added to 

the filtrate. The product solution was clear and light yellow. 

This solution was placed on the rotary evaporator for 1 1/2 hours 

and dried under high vacuum. The product was characterized by 1H 

NMR and IR spectra. 



11 - RESULTS AND DISCUSSION 

I. Synthesis of 4-Formyl-Benzo-15-Crown-5 

4-Formyl-benzo-15-crown-5, which is the aldehyde derivative 

of benzo-15-crown-5, was synthesized according to a literature 

method ( 14) . After recrystallizing the solid product from 

isopropanol, white needles were obtained in 58% yield. The 

mel ting point of the product was 8 30 C. The reported yield and 

melting point are 55% and 78-81%, respectively (14). Proton NMR 

and IR spectroscopy were used to identify the product. The data 

obtained from these spectra were consistent with the literature 

( 14) . 

II. Synthesis of Pyridine-Functionalized Benzo-15-Crown-5 

4-pyridinecarboxaldehyde and amino-benzo-15-crown-5 were 

dissolved in benzene and reacted under nitrogen in an attempt to 

prepare pyridine-functionalized-benzo-15-crown-5, the structure 

of which is shown below. 

Activated molecular sieves were placed in the reaction flask to 

absorb the water produced from the condensation between the 

-
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aldehyde and amine. The product formed is a new compound (it has 

not been previously reported) . 

The product was recrystallized from a hot isopropanol

heptane solution (11%:89%). Small yellow crystals were obtained 

in 93.5% yield and melted from 93-94 oC. Combustion analysis was 

performed and the results were consistent with what was expected 

for this compound. A mass spectrum of the product was also 

obtained. A peak, relative abundance of 100.0%, displayed at 372 

g/mole, which is the calculated molecular weight of pyridine

benzo-15-crown-5. 

% Carbon 

% Hydrogen 

% Nitrogen 

COMBUSTION ANALYSIS DATA 

Calculated 

64.50 

6.50 

7.52 

Observed 

64.79 

6.76 

7.71 

IR, proton NMR, and 13C NMR spectra were also obtained (see 

pages 18-20). All spectral data are consistent with the proposed 

structure. In the infrared spectrum, which is on page 18, the 

presence of a band at 1630 is indicative of a C=N stretch. Also, 

there is no band at 1715, where the C=O stretch appears, which 

indicates that the aldehyde reacted to form the imine. 

The proton spectrum for this molecule is given on page 19. 

The following assignments were made from the spectrum going from 

low to high field: 8.49 ppm (hydrogens alpha to the pyridine 

nitrogen); 8.20 ppm (hydrogen on the imine carbon); 7.68 ppm 
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(hydrogens beta to the pyridine nitrogen); 6.87 ppm (hydrogens on 

the crown ether phenyl ring); and 3.97 ppm (ethylene oxide ring 

hydrogens). From the compound's structure, the expected 

integration (again, going from low to high field) is 2:1:2:3:16. 

The spectrum integrated 2: 1: 2: 3: 20, which is close to what was 

expected. 

The 13C NMR spectrum is given on page 20. The following 

chemical shifts were assigned to the peaks. 
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13C NMR SPECTRUM DATA 

Peak Label Chemical Shift (ppm) 

a 0.00 

b 69.17 

c 69.40 

d 69.64 

e 70.74 

f 71. 13 

g 75.46 

h 77.03 

i 78.60 

j 107.68 

k 113.18 

1 113.97 

m 121.83 

n 143.05 

0 144.23 

P 148.95 

q 149.73 

r 150.13 

s 155.63 

Peaks f, g, and h correspond to the solvent. Not counting these 
peaks, sixteen carbons appeared on the 13C spectrum, which is 
consistent with the proposed structure. All eight signals due to 
the phenyl carbons are evident, but two of the -CH2- carbons must 
be coincident. 
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III. Synthesis of Phosphine-Functionalized Benzo-15-Crown-5 

4-Formyl-benzo-15-crown-5 and Q-aminophenyldiphenyl-

phosphine were dissolved in benzene and reacted under argon gas, 

in an attempt to prepare the new phosphine-crown shown below. 

Ph~~ 
II 
C-H 

Activated molecular sieves were used to absorb any water 

present in the system. This reaction took longer than the 

- preceding one (synthesis of pyridine-benzo-15-crown), probably 

because it is more sterically hindered. The reaction was 

moni to red by thin layer chromatography to tell when it went to 

completion (Bakerflex silica, IB-F, CH2Cl2 elutant). 

The dot corresponding to 4-formyl-benzo-15-crown-5 did not 

migrate, while the Q-aminophenyldiphenylphosphine migrated up the 

chromatograph sheet approximately half-way (Rf=O.45). After 24 

hours of letting the reaction mixture stir, another TLC was 

taken. Two distinct spots resulted; one at the bottom, and the 

other with Rf=O.45. This indicated that the two starting 

materials had not reacted. 

By the next day, a third spot appeared on the TLC, just 

below the one corresponding to the phosphine starting materials, 

- indicating some product formation. Significant amounts of 
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starting materials were still present, however. Over the next 

twelve days the area between the three spots became more blurred, 

with the top two spots getting lighter and the bottom spot 

getting darker. On the thirteenth day after initiating the 

reaction, only one spot appeared at the bottom, indicating 

completion of the reaction. 

The product was then gravity-filtered and rinsed with 

dichloromethane. The solvent was removed under reduced pressure 

and dried under high vacuum. 

The product was characterized by proton NMR and IR 

spectroscopy. 

peak at 8.20 

indicates the 

The proton NMR spectrum is given on page 21. The 

ppm corresponds to the imine hydrogen, which 

aldehyde-amine reaction occurred. However, the 

peak at 8.90 ppm is indicative of an aldehyde hydrogen. The 

integration of these two peaks showed both of these peaks being 

the same, which indicates that the product is actually a 50: 50 

mixture of product and starting materials. 

The IR spectrum is given on page 22. The IR spectrum of the 

unreacted aldehyde crown is given on page 23 for comparison. The 

spectrum of the product is consistent with the above conclusions. 

There is an imine peak at 1623, and there is also an aldehyde 

peak at 1687, so both product and starting materials were present 

in the sample. 



---

-

17 

SUMMARY 

In summary, two new crown ether compounds were synthesized 

and studied. The first compound is a pyr idine- functional ized 

crown ether and the second is a phosphine-functionalized crown 

ether. These were both prepared via amine-aldehyde condensation 

reactions, which indicates the usefulness of this reaction for 

preparing functionalized crown ether molecules. 
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