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Introduction 

Crown ethers are cyclic ring structures that are cyclic 

polymers of ethylene glycol (OCH2CH2)n' A well-known crown 

ether example is 18-crown-6. 1 Crown ethers are named in the 

x-crown-y fashion, with x being the total number of atoms and y 

being the number of oxygens in the ring structure. Given the 

oxygens ctnd hydrocarbon units, crown ethers have both polar and 

nonpolar characteristics, and their most prominent chemical 

characteristic is an ability to bind ions, such as K+ and NH4+' 

The ion binding properties depend on many factors, including 

number of oxygens present, ring size, and the presence of other 

substituents or atoms. 2 

The number of reported studies of modified and/or function-

alized crown ethers have been increasing in recent years. Nitro-

gen-containing crowns, called aza crowns, in particular have been 

functionalized mostly through the NH-based reactions and various 

properties studied. An example is N-(2-methoxyethyl)monoaza-18-

crown-6 which binds K+ as shown. 3 
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This particular paper is focused on aza crowns 

functioncilized with phosphines, groups which can bind to 

transition metals. 4 A long-term purpose is to attach, via the 

phosphinH, the crowns to metals and to study the effects of 

neighboring crown ethers on properties of both four and six 

coordina1:e transition metals. Properties of interest include 

the stabilization of selected isomers and the attraction of 

solubility properties. In this paper, various synthetic routes 

and procedures for obtaining an aza crown and its phosphine

functionalized derivatives will be described and discussed. The 

properties of several new compounds will be described. 

Experimental 

All of the reactions described in this paper were carried 

out in a hood under argon or nitrogen, and all glassware was 

oven-driE~d. Some of the starting materials were purchased from 

commercial suppliers, such as Aldrich Chemical Co. THF was 

distilled under argon from the diketyl of sodium and benzo

phenone. Since many of these compounds are air-sensitive, the 

other solvents used were bubbled with argon before use to remove 

any air. The column chromatographies were accomplished on 

aluminum oxide (Aldrich # Brockmann 1), and the thin-layer 

chromatographies were carried out on alumina strips (Bakerflex). 

HN(CH2CH20CH2CH20H)2 (1). 2-(2-aminoethoxy)ethanol (123.41 

g, 1173 rr~ol), 2-(2-chloroethoxy)ethanol (57.82 g, 464 romol), and 

sodium carbonate (70.0 g) were added to acetonitrile (1000 ml) 

and refluxed for 3 days. The mixture was filtered while hot, and 

the filtrate was evaporated to a yellow oil. The product was 

2 



obtained by distillation (short path) as a light yellow oil (140-

145 c C, 0.13 rnmHg). 

HN(CH2CH20CH2CH20CH2)2(o-C6H4) (2). From above, (1) (15.63 

g, 80.6 rnmol) , Ci.. ,:),. -dibromo-o-xylene (21.3 g, 80.6 rnmol) , and 

potassium t-butoxide (39.6 9, 353 mmol) were placed in t-butanol 

(1000 ml). This was refluxed and stirred for 6 days. The 

mixture was cooled and filtered, and the filtrate was washed and 

separated with CH2C12 (200 ml) and H20 (100 ml). The aqueous 

layer was washed again with CH2C12 (2 x 250 ml), and the organic 

layers W'9re combined and evaporated to leave a thick brown oil. 

The oil was distilled with a Kugelrohr oven (90-130~C, 0.15 

mm Hg), giving a reddish-brown oil. This oil was analyzed by lH 

and 13C, and some starting material was found to be present. The 

oil was :;mrified by column chromatography on alumina (3.5" x 1.5" 

pack, 25% ethanol in ethyl acetate). The product was obtained in 

the first 300-400 ml, and approximately 55% was recovered from 

the column. The overall yield was about 30%. 

14 for spectra. 

See pages 13 and 

Ph2CH2N(CH2CH20CH2CH20CH2)2(o-C6H4) (3). From above, (2) 

(4.46 g, 15.1 mmol) , aqueous H2CO (1.8 ml, 22.0 mmol) , and Ph2PH 

(3.21 g, 17.2 mmol) were placed in benzene (20 ml). The mixture 

was heated to 60°C and stirred for 19 hours. The flask with the 

contents was cooled in an ice bath and was stripped of solvent 

with a vacuum pump, leaving an orange oil. Ether (25 ml) was 

bubbled with argon and syringed into the oil-containing flask. 

The ether layer was then transferred with a syringe into a 

Schlenk flask. Decolorizing carbon was added to the flask, and a 

3 



filter syringe was used to transfer the material to another 

Schlenk flask under pressure from argon. This second Schlenk 

flask was placed in the freezer to obtain crystals. No crystals 

formed, but a 31p spectrum showed product ( p = -27.3 ppm). 

Increments of heptane were added to try to dissolve the oil 

again, and the heptane solution had to be heated. The flask was 

put in t~e freezer, and crystals formed overnight. The liquid 

was syringed off, and a 31p showed that the product had oxidized 

( p = 30.8 ppm). More crystals formed at room temperature in the 

liquid, and these crystals had oxidized, also. 1H and 13C NMR 

spectra of the product were not informative. 

Cl( CH2) 2CON(CH2CH20CH2CH20CH2}2 (o-C6H4) (4). From above, 

(2) (5.71 g, 19.3 mmol) and K2C03 (2.67 g, 19.3 mmol) were placed 

in toluene (250 ml). These were stirred at room temperature, and 

CICO(CH2l2Cl (2.45 g, 19.3 mmol) in 100 ml of toluene was dropped 

in slowly. After the addition, the reaction was stirred for 26 

hours. The mixture was filtered, and the filtrate was 

evaporated. The oil product was analyzed by 1H, 13C, and IR 

methods. The product was purified by column chromatography, (8" 

X 1.5" pack, 1% ethanol in ethyl acetate). Fractions 6-15 were 

collected and shown to be pure by 1H and 13C spectra. See pages 

15 and 16 for spectra. 

Cl(CH2}2CONCH2(CH20CH2)CH2 (5). Freshly distilled 

morpholine (1.45 g, 11.4 mmol) and K2C03 (1.58 g, 11.4 mmo1) were 

added to toluene (150 ml) and stirred at room temperature. 

Cl(CH2)2COCl (1.45 g, 11.4 mmol) was put in a dropping funnel 

with toluene (50 ml) and added dropwise into the flask. After 
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the addition, the reaction was stirred for 16 hours. The mixture 

was filtered, and the filtrate was evaporated to give a light 

yellow oil. While on the vacuum pump, the oil crystallized. The 

yield was 67%. See pages 17 and 18 for spectra. 

Ph2P(CH2)2CONCH2(CH20CH2)CH2 (6). First, Ph2PH (1.43 g, 

7.66 mmol) was put in a flask with dry THF (35 ml), and n-BuLi 

(3.48 ml, 7.66 mmol) was placed in a dropping funnel with THF (25 

ml). The Ph2PH was stirred at room temperature and the n-BuLi 

was added dropwise very slowly. The liquid (Ph2PLi) turned 

orange, and total stirring time was 1.5 hours. This liquid was 

removed with a syringe and put into a dropping funnel. From 

above (5) (1.36 g, 7.66 mmol) was dissolved in THF (45 ml), and 

the orange liquid (Ph2PLi) was dropped very slowly into the flask 

as it stirred at room temperature. After 1 hour, the liquid in 

the flask had turned light yellow and stirring was stopped. It 

was evaporated under vacuum to a yellow foam. Degassed H20 (50 

ml) was added, and this was washed with CH2C12 (50 ml portions). 

The organic layer was transfered by cannula into a Schlenk flask 

containing K2C03 as a drying agent. After 20 minutes, another 

transfer was made and the solvent evaporated, leaving a light 

yellow oil. The yield of the compound was 2.62 g. Analyses were 

done by 31 p , IH, 13C, and IR methods. See pages 19 and 20 for 

13C and 1H spectra. 

Palladium derivative of (6). (7) . PdC12 (0.359 g, 1. 46 

mmol) was dissolved in concentrated aqueous HCl (1 ml). 

ml) and absolute ethanol (100 ml) were degassed, then 25 ml of 

H20 was added to the Pd mixture, followed by 25 ml of EtOH. 
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Then, (6) was dissolved in 25 ml EtOH. Next, the aqueous ethanol 

solution of H2PdCl4 was syringed into the solution of (6). An 

orange solid precipitated out of solution. The yield was about 

3 grams. 

(Procedure 2) Benzene 

was distilled under argon from calcium hydride with a special 

distillation apparatus. Trimethyl aluminum, (CH3)3AI (7.45 g, 

18.4 mmol) was syringed into 100 ml of benzene, which was stirred 

and cooled by NaCl-ice bath to -10°C. Morpholine (1.6 g, 18.4 

mmol) was added a few drops at a time by syringe, and the re-

suIting solution stirred for 20 minutes. Over 45 minutes, the 

solution was brought to room temperature. Ph2P(CH2)2C02CH3 (5.61 

g, 20.6 mmol) was added by syringe. The reaction mixture 

refluxed for 22 hours. Hydrolysis was carried out with degassed 

0.67 M HCI (27.5 ml). A precipitate formed, so degassed H20 (10 

ml) was added. The whole solution was syringed into an argon-

filled separatory funnel, and degassed CH2Cl2 was added to 

dissolve the precipitate in the upper layer. The organic layer 

was separated and evaporated. The yield was 7.5 g. 31p spectrum 

showed one peak P = -15.4 ppm), indicating pure product. 

Results and Discussion 

The "two-armed" amine (1) was prepared form the "one-

+ 

r-"- <] ......----. OH 
HN 
~O"--./OH 

armed" precursor as described above. It had to be vacuum 

distilled very carefully, because some of the starting material 
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was presE~nt, and there was the possibility of the formation of 

some tertiary amine. 

The "two-armed" amine was reacted with:x,::r..-dibromoxylene to 

give the new aza crown. After the formation of the aza crown 

;---'--0 ~~H 
Hi, 
~),--",CH 

+ sr~ Br~ 

(2), a Kugelrohr distillation was used to help obtain the 

product. The starting temperature was 90°C, then it was slowly 

raised to 130°C to obtain the product. Originally, the 

distilla1:ion was thought to give pure product, but the analysis 

by 13 C (See spectrum on page 13) indicated that starting material 

had distilled with the product. Because of the possibility of 

oxidation of the nitrogen, a chromatography was designed to ob-

tain the product through the column as quickly as possible. A 

short-packed column (3.5" x 1.5") with a strongly polar solvent 

(25% EtOH in EtAc) was used, and it worked quite well. Only 2 

grams at a time could be placed on the column, and about 55% was 

consistently recovered. The product was a reddish-brown solid. 

It was found that oxidation was minimized greatly by quickly 

evaporating the solvent immediately after chromatography. 

In making (3), the procedure was expected to be very tricky 

J8 
o 
II 
CH~ 

HP'Q 
CO( 0 '---"o/\' ~ J8 

, I N-CH~p 
o...........,o~ - D 

phosphorous. This is exactly because of the fast oxidation of 

what happened. The product was found and identified to be pure, 
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and after one more step in the purification process, the product 

had oxidized. The purification steps were studied, but it could 

not be determined when the product oxidized. The 31p spectrum 

showed a downfield shift, which indicates oxidation ( P product = 

-27.3 ppm and P oxide = +30.8 ppm).5 Also, there was some indi-

formed. 'rhe structure of the compound itself might have 

facilitated the reactions, so it was thought that the carbon 

chain between the nitrogen and the phosphorous should be ex-

tended. No further attempts were made to prepare or study this 

very unstable compound, based on the short PCH2N linkage. 

Compound (4) was synthesized to give a 3-carbon chain 

+ 

o 

Cl~C 
__ ...---..0 

0(0 a \ II./"'... ~Cl 
... I :)-C~ ........" o ____ a .---J 

length between the nitrogen and the phosphorous. An interesting 

observation was made regarding the 13C of this compound. The 

peaks seemed to have doubled in number, and it was decided that 

there were both cis and trans isomers because of the formation 

of a resonance structure of the amide (N=C-O). An IR confirmed 

° 
OC

o~or"'"\. I ~ ..... Cl 
I ~r::: c ~ 'v'" 

:-..... o'--/o~ 

this possibility with a very strong peak in the amide region. 

There were shifts in the 1H spectrum, also. The triplet due to 

the hydrogens on the two chain carbons bonded to the nitrogen 

shift downfield (See page 16). 

The test reactions with morpholine gave indications about 
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how long and under what conditions to run the reactions. The 

morpholine compound was selected so that we would not use up our 

small supply of aza crown. The spectral information gave 

indications of the shifts that might occur with the carbon chain. 

Also, the amide band of (5) ~as identified by IR spectroscopy, 

which helped in identifying it in compound (4). The lH 

spectrum"s integration indicated that there could have been some 

elimination of the ~ and J carbons to the amide. This might 

indicate that the reaction conditions were too harsh. 

It was decided to go ahead '.-lith ( 5 ) to synthesize ( 6) . 

)0 ~ 
nBuL. + HP'O .. Li+ 

P~ 
H'3 C..-.....,....CH3 + 

/1 

" 

o f) 
r---'\ II P 

o \J~'T . c.-.....,r 'G 

Ph2PLi was made first and reacted immediately with (5). The Li 

reagents take careful handling, as they are explosive in water 

and sensitive to oxygen. In this synthesis especially, the 

glassware had to be dry and assembled while hot. The 31 p 

spectrum of the product showed 3 peaks, indicating )xidized 

product, pure product, and starting material. The oxidized 

product is furthest downfield, then the pure product, and 

finally, the diphenylphosphine. Since there was pure product, 

a Pd derivative was made. 

It was a very simple process to make the transition metal 

complex. The phosphorous (III) has a lone pair of electrons 
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that will quickly bond to metals. 6 Palladium (II) chloride was 

used to make (7). 

PdCI2(s) + 2 HCI 

H2PdCI4(aq) + 2 L 

H2 PdCI 4(aq) 

L2PdCI2(s) + 2 HCI(aq) 

Because of the problems with oxidation of (6), another syn

thetic route was chosen. 7 Trimethyl aluminum was reacted T,vi th 

the morpholine, and this product was reacted with a phosphine 

methyl ester that gave the same carbon chain length and the same 

end product as (6). This synthesis was faster, and there were 

;--'\ .CH, ;----'\ ~CH3 
0 :TH + Al ~ 0 :J-AI CH.j "-1 I CH 3 \--.J 

-f-
H,C CH3 

_CH~ 

O\('-'?P~~ H c· -
'3 

HAl J 

o 

not as many places in the synthesis where the product could be 

accidently oxidized. It was decided that this route is probably 

better for the aza crown than the route used to make (4). 

Conclusion 

Six new compounds were prepared and identified. The pro-

posed formulations and structures are shown in Table 1. Two 

major advancements were made in this area of crown ether chem-

istry. First, a successful strategy was described for the puri-

fication of the aza crown, which was the focus of the study. 

Secondly, an improved procedure, based on trimethyl aluminum 

starting material, was developed for attaching phosphine groups 

to secondary amines of the type found in the aza crown. 
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Table #1: Reported Compounds 

( 1 ) 

;----..O~OH 
Htl 
~ 0 "----,,OH 

( 2 ) 

C(I ()----0 ..--.. 
... 0 0 tlH 

_.--J 

( 3 ) 

( 4 ) 

( 5 ) 

( 6 ) 

(7) 

C1 0'--
,.-.. pph Pd- ;)0h .J}- ~l 0 o N ~ .r. ..::: '---J 

'-' 0 Cl 

MW 

193 

295 

493 

371 

164 

327 

830 

327 

11 

Yield 

40% 

30% 

13% 

87% 

80% 

80% 

Analysis 

1H , 13C, 
IR 

31p 

1H, 13C 
31 p , IR 

Other 

bp 140°C 

bp 90-
130 "c 
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