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Abstract - The preparation of several novel lariat ethers 6nscrocyclic 
crown polyetheeze having sidearms bearing pendant donor groups> is 
reported. ccmpumds are ethers derived fran knm 
2-hydroxymethyl-15-crown-5 
P-aminophenyl, 2+dimninophenf; 

-2l-crown-7. lhe sidearms include 
2-nitrophenyl, 2-(3'-nitrobiphenyl), and 

2-(3'-aminobiphenyl). In several'cases, the amino groups were converted 
into amnonium salts which showed substantial stabilization by 
intramolecular hydrogen bonding. Likewise, an -NH +.ElF - complexshowed 
evidence of intramolecular hydrogen bonding. D&o&ion of the 
aminobiphenyl residue produced an arenediazonium cation which underwent 
intramolecular 'cmuRI canplexaticn, as judged by infrared spectroscopic 
studies to form what we call an "ostrich molecule" complex. Addition of 
N,N-dimethylaniline to the intramolecular arenediaxonium cation canplex 
afforded an axe canpound, but europiun shift reagent studies showed clearly 
that the diazoniun cation reacted outside the macroring. 

Ccmplexes between macrocyclic polyethers and organic cations have proved intriguing to 

workers in this field since Pedersen first reported metallic caticn binding by crown ethers.' 

Amncnirm and substituted amaoniunions,2 guanidiniun ion~,~ arenediazoniun, 
4 
and even nitrosyl 

cations5 have all been studied in this connection. Indeed, the structures of several neutral 

canplexes have been reported quite recently and others have been known for sane time.6 Our 

interest in crown ccmplexation has led us to study binding stabilities and selectivities, 

especially those concerned with intramolecular interactions between macroring, 'cation and 

sidearm. 7 

In the first report of arenediazoniun cation cqlexaticn it was noted that attespts to 

synthesize an asoare ne threaded through the crarm hole had failed.4a Only non-encircled coupling 

products were obtained. Apparently intermolecular arenediazoniun cation canplexes are highly 

dynamic in solution, and stable only in the solid phase. A further difficulty attending the 

synthesis of these rotaxanes is that crown canplexaticn diminishes the reactivity of the 

ring-bound arenediascniun cation in severalreactions8including azo-coupling.' At the outset of 

this effort, we thought that intramolecular arenediascmiun canplexation might be stronger than 

intermolecular ccmplexation and this might permit coupling reacti- leading to a rotaxane or 

molecular knot. Similar tethering strategies have been successfully employed in recent rotaxane 10 

syntheses." An important purpcse of this study was therefore to prepare the first intrarrolecular 

arenediazonium-crown ether carplex and to attenpt formation of a molecular knot fran it. In 

addition, it was anticipated that quite interesting intrmnolecular hydrogen bonding interacticns 

wculd be observed between the protcnated mnines which serve aa synthetic intermediates and the 

macrorings to which they are tethered. 
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RESDLTg AND DISCDSSI~ 

Intramolecular Cunplexation. An examination of C-P-K molecular models suggested that 

2-~2-diazc~liophem~y~methyl-2l-crown-7 (8) was a suitable target. ‘lhe 21-crwn-7 macroring was 

chosen because 18-crcwn-6 appeared to be too crowded (as judged by models) to form an 

intramolecular canplex in this case. Further, of all the simple crown ether ccmpounds, the 
.2lmembsred ring systems form the most stable intemlecular complexes with arenediaroniun 

cations.4’12 

The synthesis of 1 was accomplished as described previously for the 15-membered (3) and 

18+nembered ring hanologs of 2-(2-nitrophenoxy)methyl-2l+zrcwn-7, 4.13 Hydroxymethyl-15-crown-5 

(lJ7a or hydroxymethyl-21-crawn-7 (2)14 was converted into the corresponding alkoxide by treatment 
with NaH in ‘II-lF solution. Reaction with l-chloro-2-nitrobenzene afforded 3 and 4 respectively. 

Reduction (H2, W/C) of the nitro groups afforded aminocravns 5 and 6 which were, in turn, 

diazotized with NaN02 in 48% HDF4 to yield diazonio-crowns 7 and 8. Kxtraction (CH2C12) of the 

aqueous solutions afforded stable, dark red oils which would not crystallize. ‘lhey exhibited M 

IR absorpticns characteristic of diaxoniun cations. 

5,O.l 7.m-1 

6.a.3 3,n- 3 

‘Ihe IR and W spectra of 7 and 8 were examined to determine if the observed spectral 

properties ware those expected for an intramolecular canplex. 2-Methoxybenxenediazoniun RF4 (9) 

was also prepared for use in spectral canpariscns. 

The IR spectra of 9 al- (mull>, in the presence of 18-crown-6 and 2l-crcmn-7 (CHC13) shed 

strong, relatively sharp absorptions at 2268 cm-‘, 2277 cm-‘, and 2276 cm-’ respectively. These 

bands are similar in shape to those previously reported.4d’g The W spectra for the corresponding 

solutions UiC13J showed maxima at 267 ~1, 263 nm and 252 nm. Note that these results are 

sanewhat different frun the trends observed when 4-substituted diazoniun ions are ccmplexed by 

crcmns . 

‘Ihe shift in triple bond stretch for 9 (+9 cm-‘) in the presence of 18em-6 is less than 

observed for other salts, and the W spectrum shm no change when this crown is added. 

2l-Crcwn-7, on the other hand, imparts a strcng shift to the W absorption and a typical IR 

shift . 

The IR and W spectra of 7 agreed well Omax = 267 nm, vM = 2262 cm-‘) with the values 

obtain? for noncanplexed 9. The 15-crcnm-5 ring is too small to accciwrodate the arenediasonium 

cation, so these values were anticipated. Cuqound 8, which should be intramolecularly 

canplexed, i.e., exhibited IR and W nmxirna at 2265 cm-’ and 267 rxr respectively. Addition of one 

equivalent of 18-cr-c~+6 did not alter the spectra. 

When 18-crown-6 addition also failed to alter the IR and W spectra of 7, it was presuned 

that the Pmethoxy group so crowds the diazonium ion, that insertion of -N2’ was sterically 

inpossible. Work on these canpounds as potential rotawne precursors was thus abandoned. 
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W ZzG! hmsx "NaN z &z!z! +nsx "NsN 

: 
none 266 2262 none 253 2272 
18Xhwn-6 2260 zz lELCKCWP6 2302 

ii 
none 2: 2265 23 none 5 2290 
18-Grown-6 

2:: 
2264 

z 
none 2268 ;: 

M-Crown-6 2290 
none 2: 2278 

18-Crawn-6 263 2277 18-Crcmn-6 2307 
9 214mm-7 252 2276 ;: 21-Grown-7 z 2289 

Notes for table: Nd =notdetermined. IRdatain reciprocalcm. UVdata inrm. All spectra 
recorded in chloroform unless otherwise noted. Cne equiv of crown added unless otherwise 
noted; Canpounds 9 and 25 were recorded in Nujol in the absence of cram. Crown to salt 
ratio for 9 with lg-crawn-6 was ca. IO:1 and with 21-crown-7 was 2:l. Crown to salt ratio 
for 25 with 18-crown-6 was ca. 2:l. 

Intramolecular Anilinirnn Complexes. When amine 5 was dissolved in EtOH and 4Ei% HBF2 added, a 

white solid (np 183-184°C) precipitated. After treatment with is-1 nitrite, which usually 

results in the imnediate diazotization of amine groups, the white solid was recovered unchenged. 

We attribute this ccqamd's inertness to the fonnstion of intrainolecular aniliniunxrown Cc@= 

10 (see figure l).15 Models of this complex suggest that W of the three N-H bonds participate in 

hydrogenbonds tomacroringoxygens. Stabilization of the protcnated amine by hydrogen Wing to 

the crown ring reduces the likelihood of nitrcsylation just as Barrett and coworkers have "h";;: 

that non-canplexed secondaq amines acylate more readily than do crown-canplexed primary amines. 

A related canplex (II) was formed by similar treatment of 6. 'It& such a canple~ should form 

while our attempts to form intrmlecular diazcnium-crown canplexes apparently failed, is not 

surprising since the interaction between aniliniun cations and crcxm ethers is less sensitive to 

the presence of ortho substituents. 
17 Note (equation I) that conversion of 5 to diazoniun canpound 

7 was successful when performed in 48% HBF4solvent. l%e more polarmediunnustcanpetewith the 

aniliniun cation for macroring oxygens. IR spectral evidence (see helm) suggests that 

intralecular cunplexation by the 15membered ring canpcunds is significant, although weaker than 

observed with larger macrorings. me related 2,4-diaminophenyl lariat ether, 14, was also 

prepared (see equation 3) in the hopethatthe IR spectrun for the ortho andperaanino groups 

would be clearly distinguishable. These and other results are shown in figure 2 and are discussed 

below. A similar crystalline canplex, 12, was fomnzd when 5 was treated with BF3 in diethyl 

ether. A likely structure for complex 12 is shown in equation 2. 

10 

Figure 1 (above) 

Figure 2: IR spectra for 
numbered compounds. 
"Crown-18" refers to the 18- 
membered ring analogs of 
crowns 10 end 11. 

3600 2600 3600 2600 
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lhe IR spectnnn of IO (figure 2) shows peaks centered at ca. 3180, 3120 and 3080 cm" (fig - 
2a). lhese peaks are rather broad (ha$width 40-60 cm-') and characteristic of N-H"'0 hydrogen 

bonds similar to those in amino acids. Of course, N-H "'F hydrogen bonding with the neighboring 

BF& groups cannot be ignored. Nevertheless, the extent of hydrogen bonding is small. With the 

18-crawn-6 analog of 10, the N-H"'0 frequencies are shifted downward to ca. 2850 cm-' 

(overlapping with CH stretches) and ca. 2600 cm-' - (fig. 2b). 'Ihe spectrum of 11 (2lzbered ring) 

shows a similar downward shift (fig. 2~). lhe N-H vibrations are shifted to lower wavenumber due 

to an interaction with proximate oxygen atans and the BF4 group. Five-oxygen ring canpounds 

interact more weakly than either the six- or seven-heteroatan rings, the N-H vibration remains 

separated fran the C-H vibration, with which it is merged when larger rings are present (see 

figure 2a, b). lhe similarity in the spectra of IO and 15 is quite striking. In 15, two -NH3+ 

groups are present, only one of which can interact with an intramolecular mscroring. lhiS 

suggeststhatboth -NH+ 3 groups are hydrogen-bonded to a similar extent. Likewise, the BF3 

canplex (12, Fig. 2e) shaws spectral features which are similar to those of 10 and 15. It is 

interesting that the -NH+ groups of 15 (see eq. 3) are leas differentiated by IR spectra than 

expected since the *amino groups in 5 and 6 appear to readily form intramolecular aniliniun 

complexes. 

Equation a 
Equation 2 

Synthesis of 3-C2'-(21-Crown-7+nethoxy)phenyllbenzenediazonium s. Since we believe the - 
failure of 8 to fonm the ‘desired intramolecular complex is due to steric hindrance at the ortho 

position, an obvious remedy is to attach the macroriog elsewhere. It is clear fran C-P-K 

molecular models that a longer bridge is required for intramolecular canplexation to occur. For 

example, a 3-substituted phenethyl group, coupled to 1 or 2, appeared the appropriate. The 

2,3'-biphenyl system appeared 

increasing complex stability, 

was accanplished as shown in 

canparative purposes. 

even better. It is am-e rigid than the phenethyl unit, potentially 

but still flexible encugh to permit synthesis. ‘!he synthesis of 23, 

equation 4. As before, the 15-membered hotmlog was prepared for 
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The desired canpo~& were accessible fran 1 and 2 via their tosylates and - 

2-hydroxy-3'-nitrobiphenyl, 17. 'Ihe latter was pr;red by phase transfer Gunberg-Bactnnann 

coupling of 3-nitrobenzenediazoniun BF4 with anisole. Demethylationzo (HBr, HoAc) gave 17 which 

was allcmed to react with (15-crawn-5)- or (21-crown-7)msthyl 4-toluenesulfonate (K2C03, DMF). 

Reduction of nitro cows 18 and 19 (H2, W/C) gave amino crwns 20 and 21 which were diazotized 

as before (NaNo2, 48% HBF4). canpound 23 was obtained as a colorless foam which undergoes a glass 

transition at 45-50°C and decunposes fran 70-73°C. kmpcnmd 22 was isolated as a red gurmy 

mterial. 

A model caqxnmd was required for canparison with 23. Amine 24, obtained by reduction of 

nitro caqxnmd 16, was converted into 3-(2methoxyphenyl)benzenediazonium BF4, 25 which was 

coupled with N,N-dimethylaniline to provide model azo canpound 26. 

The W spectra of 25 alone, in the presence of 18-crown-6, or 21-crown-7 showed maxima at 258 

nm, 251 nm and 250 nm respectively. The infrared spectra for the corresponding solutions showed 

N=N bond absorptions at 2278 cm -I, 2307 cm-' and 2289 cm-'. As expected, the values observed for 

15-membered ring 22 (vM = 2272 cm-' and A = 253 nm) were similar to noncanplexed 25. The W 

msxinum for 23 was observed at 254 nm z the triple bond absorbed at 2290 cm-'. The latter 

accords nicely with the value observed for 21-crown-7-canplexed 25. Note also that this was a 

single, sharp peak indicating that the intramolecular canplex is not dynamic, at least on the 

infrared timescale. 

1_ 
cHQ3. 63% 

\ 
="3 L 

b 

P@ure 3 (above): 

0 
"ostrich complex" 
from compound 23. 

N&z Equ&fon 5 (left) 

R&presentation of 
presumed to form 

The IJV maxinum differs sunewhat fran what might have been expected based on a canparison with 

25. That there should be sane variation is not surprising since the W spectrum is sensitive to 

the inter-ring dihedral angle which no doubt differs in systems having a crown sidechain rather 

than a sirrple methoxy substituent. 

An interesting feature of intralecular canplex 23 was the appearance of its 'H-MlR 

spectrun. 'Ihe absorptions for the mscroring protons of nonccmplexed 22 and cunplexed 23 differed 

considerably. compound 22 showed a single broad rescoance in the 3-4 ppn region. In the 31( ppn 

region of 23, at least 5 distinct peaks canprise a broad multiplet. This reflects the different 

environments of the ring protons when they are held in the carplexed conformstion. 

A further corroboraticn of intramolecular complex formation by 23 is that addition of 

18-crown-6 has no effect on the IR spectrun. Addition of the latter macrocycle to 22 caused the 

N=N stretch to shift fran 2272 cm-' to 2302 cm-'. Neither is 23's IR spectrum altered by dilution 

as expected for an intermolecular complex. We call this new type of intramolecular canplex 21 an 

"ostrich" canpound. The name is based on the popular myth that this bird hides its head when 

pursued and believes itself to be unseen. 

Attenpted 'Ihrough-Hole'azo-Coupling Reaction. With the desired ostrich cunplex in hand, we 

attempted the azo-ccupling reacticn in the hope of obtaining a rotaxane. N,N-dimethylaniline was 

added (25°C) to a stirred, CHC13 solution of 23. The azo dye formed readily and was then purified 

by flash chranstography. TLC analysis of the resulting red oil indicated that it was a single 

canpound. The IR and ‘H-NMR spectra were consistent with the azo structure and the W spectrum 

was essentially identical to that of azo canpamd 26. 
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If this azo-crown had threaded structure 27, its cavity should be uuavailable for 

ccmplexation. MmEu(fod)3was addedtoan equimolar mixtureof Zl-crown-7and azoccqound 26 

(CJXl3) the canplexation of Eu(III) by the free mcrocycle was easily detected by a large 

dmmfield shift of the 'H-RMR cm resonance. lhe absorptionbeforeandafter the additionwas 

observed at 3.65 PPM (singlet) and 7.05-7.15 PPM (broad singlet). Addition of Eu(fod)3 had a 

similar effect cm the spectrum of the azo-croun demonstrating that the cavity was not filled by 

the desired azo canpound. The macroring resonance appeared as a nultiplet at 3.60 before the 

addition. After the europiun reagentwas added, the peak disappeared fran this region and 

appeared as a very broad signal at 7 pp4n. Basedon these observations we assigned structure 28to 

theazo-crown. 

PhNMe2 

qz"z 

Equation 6 

We report here the preparation of several new lariat ether conpands having nitro & mim 

donors groups on the sideams. lhsehave been converted intoanilinimsalts byprotonationor 

arenediazonium cations by diazotization. Intramlecular coqlexation of the aniliniun salts leads 

to nuch reduced reactivity. Further, we have designed and prepared the first exanple of an 

intramolecular aremxliasoniun cation-crown ether canple~. Curattenpts to f& a threaded 

am-arene led instead tomnthreaded structure 28. Even in this case, where the crawn-diazoniun 

oanpla is ntr=Wxned by an intrmolecular bridge, the cation comes out of the hole to react 

with the nucleophile. 

EXPERIMENTAL SECTION 

Uncorrected melting points were obtained in open capillaries and are reported in 'C. NMR 
spectra (proton unless otherwise noted, CDCl 

a' 
Varian EM-3601 and C-13 NMR spectra are reported in 

ppm downfield from internal Me4Si. Routine I spectra (Perkin-Elmfr 281, neat films, NaCl plates 
unless otherwise specified) are calibrated against the 1601.8 cm band of polystyrene. 

Tetrahydrofuran (THF) was distilled from LiAlH4. CHC13 (AR grade) was washed with 

:~:f::~~:t~~re"t~4;ct~~o~n~~~d~~N Na2S049 
distilled and stored over 3A molecular sieves. All 

were conducted in a Kugelrohr appara&; 
and dried in work up using Na SO . Molecular distillations 

bp's "'8g 
oven temperatures.' 14-Crown-5, 18-crown-6, and 

Zl-crown-7 were obtained as previously described. 

Prqgaration of Arenediazonium Cations. 
of Roe, 

Arenediasonium BF4 salts were prepared by the method 
__ dissolved in Me2C0 and precipitated by addition of Et20, and then air dried immediately 

prior to use. 

IR Studies. The 1:l complexes were mulled in Nujol and the 2400-2200 cm-l 
spectra recorded on a Perkin-Elmer Model 225 IR spectrophotometer 

region of their IR 
using an expanded scale and 

calibrated as before. Solution spectra were obtained by stirring the arenediazonium salt (0.2 
nnnol) and the of crown ether in CHCl (0.5 mL) until solution occurred. The homogeneous sample 
was placed-in a solution IR cell (NaC 2, 0.025 nsn path length) and recorded as above. 

UV Studies. The absorbagce spectra 
and crownethers (3.13 x 10 

of CHCL3 solutions of the diazonfum salts (2.2 x 10 
M) were recorded on a Hitachi 100-80~ UV-Vis spectrophotometer. 

-4 M) 

C-13 NMR Studies. Samples were prepared by stirring the arenediazonium salt (O-C.5 mmol) with --- 
crown ether in CDCl until solution occurred. 
NMR spectrophotomet!r in the proton 

C-13 NMR spectra were recorded on a Varian XL-100 
fully. decoupled mode. 

lock. 
CDC13 provided an internal deuterium 

(15-Crown-5)methyl 4-toluenesulfonate. A mixture of 4-toluenesulfonyl chloride sp.76 g, 4.0 

mmol) and pyridine (1 0 mL) was added (dropwise, 0') to 2-hydroxymethyl-15-crown-5 
4.0 nmol) in pyridine (i mL) (5 min.), 

(4, 1.0 g, 
added and the mixture was 

extracted with CH2C12 (3 x 15 mL). 
stirred lh, Hz0 (10 mL) was 

The extracts were washed with ice-cold 6N HCl (3 x 10 mL), 
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brine (10 mL1 and dried. (15-Crown-5hnathyl 4-toluenesulfonate (1.4 g, 87%) was isolated as a 
pale yellow oil: NMR 2.45 (8, 3H1, 3.64 (m, 19H1, 4.15 (m, 2H1, 7.7 (q, 4H); C-13 NMR 21.57, 
69.86, 70.30, 70.68, 71.03, 77.00, 127.74, 129.57, 132.87, 144.46; IR 2850, 1360, 1120, 700. Anal. 
Calcd for C18H2808S: C, 53.45; H, 6.98. Found: C, 53.59; H, 7.11. 

2-Hydroxymethyl-21-crown-7, 2. Ethylene glycol monobenzyl ether (30 g, 0.20 mall and NaH 
(10.4 g, 0.20 mall, suspended in-THF (150 mL1 were heated at reflux (5 h). After standing 0.5h, 
tetraethylene glycol ditosylate (50.2 g, 0.10 mall in THF (100 mL1 was added during lh. The 
mixture was heated at reflux (24h), cooled, filtered and the THF evaporated. The residue (in 
CH Cl 150 mL1 was washed with H 0, brine, and then dried. 
etger2was Kugelrohr distilled, agfording 2 (31.6 g, 691.1, 

The crude hexaethylene glycol dibenzyl 

torr); 
a pale yellow oil: bp 198-250' (0.03 

NMR 3.66 (a, 24H1, 4.54 (8, 4H1, 7.32 (s, 1OH); IR 2860, 1600, 1490, 1450, 1350, 1290, 
1120, 700. Anal. Calcd for C26H3807: C, 67.51; Ii, 8.28. Found: C, 67.80; 8, 8.59. 

The dibenzyl ether (31.0 g, 0.067 mall was cleared [H2, 60 psi in the presence of 10% Pd/C 
(100 mgl EtOH, coned HCl (1 m~)l to afford hexaethylene glycol (17.3 g, 91%): bp 164-168' (0.0; 

torr); NMR 3.0 (broad s, 2H1, 3.67 (s, 24Hl. 

The ditosylate prepared by standard methods (39 8, 0.066 mall was stirred with 
3-benzyloxy-1,2-propanediol (12.0 g, 0.066 mall and of NaH (6.97 g, 0.145 mol) in THF (500 mL1. 
Chromatography (alumina, O-27. 2-propanol/hexanel afforded a yellow oil (8.1 gl which was purified 
by distillation, to give benayloxymethyl-21-crown-7 (4.8 g, 17%) as a pale yellow oil: bp 186-188' 
(0.04 torr); NMR 3.34 (m, 29H1, 4.51 (a, 2H1, 7.40 (8, 5Hl; IR 2860, 1450, 1120, 735. Anal. Calcd 
for C22H2608: C, 61.66; H, 8.47. Found: C, 61.84; Ii, 8.63. 

Hydrogenolysis of benzyloxymethyl 21-crown-7 C4.77 g, 0.011 mol,&% Pd/C (100 mgl, EtOHl 
gave 2-hydroxymethyl-21-crown-7 (3.52 g, 94%) as a colorless oil after distillation: bp 
148-152' (0.03 torr); NMR 62.17, 69.54, 70.38, 70.76, 71.26, 79.39; IR 2860, 1450, 1110, 840. 
Anal. Calcd for C15H3008: C, 53.24; H, 8.94. Found: C, 53.27; H, 9.20. 

(Pl-Crown-7lmethyl 4-toluenesulfonate. 2-Hydroxymethyl-21-crown-7 (2.00 g, 5.9 ma011 in 
pyridine (5 mL) was added dropwise to 4-tolueneeulfonyl chloride (1.25 g, 6.6 aawl) in pyridine (5 
mL) at ca. 0'. After stirring lh, H20 (10 mL1 was added, then CH Cl (30 q L1. The organic phase 
was was= [cold 6N HCl (15 mL)], dried and evaporated to give t e t eosylate (2.45 g, 847.) as a 
nearly colorless oil: NMR 2.37 (8, 3H1, 3.54 (m, 27H1, 4.00 (m, 2H1, 7.60 (9, 4Hl; C-13 NMR 21.48, 

. 69.51, 69.83, 69.98, 70.53, 70.79, 76.59, 127.65, 129.49, 132.75, 144.40; IR 2870, 1360, 1175, 
1120, 785. Anal. Calcd for C22H36010S: C, 53.64; H, 7.37. Found: C, 53.51; H, 7.41. 

2-(2-Nitrophenoxy)methyl-15-crown-5L 3. A solution of 2-hydroxymethyl-15-crown-5 (1.25 g, 5 
snnoll in THF (10 mL1 was added dropwise (T mini to NaH (0.12 g, 5 nsnoll in THF (25mLl. After 
stirring 15 min, 1-chloro-2-nitrobenzene (0.79 g, 5 nxnol) in THF (10 mL) was added in a stream. 
The mixture was stirred lh at room temperature, at reflux 4h, cooled, filtered, evaporated, and 
chromatographed (alumina, 52 Et Olhexane followed by 5% 2-propanollhexene) to yield 3 as a viscous 
Dale vellow oil: 1.02 a (55%): &lR 3.70 (s. 19Hl. 4.17 (8. 2H1. 6.93-8.12 (m. 4H1: IR (neat) 1610. 
1525,.1355, 1125 (br),-745. Gal. Calcd ‘for C17H25N08i 'C, .54.98, H, 6.78;.N; 3.7i. Found: C; 
55.26; H, 7.02; N, 3.74. - 

2-(2-Nitrophenoxyhnethyl-21-crown-7, 4. 2-Hydroxymethyl-21-crown-7 l4 (0.46 g 1.4 snnol) in 
THF (10 mL1 was stirred with NaH (rma. 1.4szaol) in THF (25 mL) until H, ev:lutfon ceased. 
1-Chloro-2-nitrobenzene (0.22 g, 1.4 mnoll in.THF (10 mL1 was added in a streak. The mixture was 
stirred 16h, 25', filtered, the solvent evaporated, and the remaining oil chromatographed 
(alumina, 5% Et O/hexane followed by 5% 2-propanollhexanel to give 4 as a pale yellow oil: 0.26 g 
13); NMR 3.37-2.37 (m, 29H, sharp at 3.731, 6.93-7.96 (m, 4H); IR (neat) 1605, 1525, 1350 1110 

3.:5: 
745. Anal. Calcd for C21H33NO10: C, 54.89; H, 7.24; N, 3.05. Found: C, 54,85; H, 7.50; N, 

2-(2-Aminophenoxylmethyl-15-crown-5, 5. An EtOH (25 mL1 of 3 (1.25 g, 3.5 mmoll was 
hydrogenated (50 psi, 5h, 102 Pd/Cl, filte=d, evaporated and distillated (160-180'/0.5 torr) to 
give 5 a* a translucent, colorless oil: 1.03 g (90%); NMR 3.73 (8, 19H1, 4.07 (8, 2H1, 6.73 (s, 
4H); IR (neat) 3320, 1505, 1120, 740. Anal. Calcd. 
Found: C, 60.10; H, 8.20; N, 4.15. - 

for C17H27N06: C, 59.81; H, 7.97; N, 4.10. 

, 
2-(2-Aminophenoxy)methyl-21-crown-71 6. An EtOH soln. of 4 (100 rag, 0.2 mmoll was 

hydrogenated (50 psi, 8h, 10% Pd/Cl filtered, and evaporated to give an oil (93 mg, 98%) which 
was converted directly into crystalli:e 10. 

2-(15-Crown-5-methoxylbenzenediazonium BF -7. Aminocrown 5 (319 mg, 0.93 mmol) was dissolved 
in 48% HBF4 (5 mL1 and cooled to ca. 0", and cold aq. NaN02 (69 mg, 1 axno was added dropwise. - 

The soln became dark red. After 5 min, the mixture was extracted with CH Cl (10 mL1. The 
organic phase washed with cold 10% HBF41 dried over Na2S04, and evaporated to g ve 7 as a dark red z 2 
oil, characterized only by IR: 2250 cm . 

2-(21-Crown-7-methoxylbenzenediazonium BF +&Compound 6 (30 mg. 0.06 ma011 was dissolved in 
48% HBF4 (0.2 mL1, and cooled to ea. 0". Cold aq. soln of NaNO 
additional 5 min, was extracted yith CH2C12 (5 mL1. Evaporation t 

was added and, after an 
eft a dark red oil: IR (neat) 

2250 (br). 

2-Methoxybenzenediezonium BF _ 9_ The title compound was prepared as previously described. 17c 
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2-(2-Aminophenoxyhnathyl-15-crown-5 HBF 
of 5 72-50 

10. Aqueous 48% HBF (1 mL) was added to a solution 

mg, - 0 7 snnol) in EtOH (3 mL). rPfterstirring, briefly, white precipitate 10 was 
collected and dried (high vacuum): 260 mg (87%); mp 183-184"; 
7.53-6.90 (m, 41-11, 

NMR (D&SO-d ) 3.43-4.33 (m, 21H),, 
9.23 (br 8, 3H); IR (mull) 1450, 1115-1000, 755. Anal. ealcd for C17H28BF4N06: 

C, 47.57; H, 6.57; N, 3.26. Found: C, 47.37; H, 6.62; N, 3.14. 

2-(2-Aminophenoxylmethyl-21-crown-7 HBF,, 11. Aminocrown 6 (93 mg, 0.22 maol) was dissolved 
in EtOH and 48% HBF4 (0.25 mL) added, stirred until crystallization began, and cooled for lh 
before the white powder was collected by filtration: 88 mg (77%); mp 183-184"; IR (mull) 1455, 
1050 (br), 755. Anal. Calcd for C21H36BF4N08: C, 48.76; H, 

_ 7.17; N, 2.66. - 
7.01; N, 2.71. Found: C, 48.74; H, 

2-(2-Aminophenoxy)methyl-21-crown-7 boron trifluoride cr stalline corn lex 12. To aminocrown 
5 (55 mg, O-16 assol) in Et20 (3 mL) was addedBF 'Et 0 (5f~ol&s~ixture stirred 
until the white complex precipitated. The produst wts collected by filtration: 54 mg (83%); mp 
218-220"; IR (mull) 1380, 1150-1000, 760. 
3.42. Found: C, 47.60; H, 6.37; N, 3.27. 

Anal. Calcd for C17H27BF3N06: C, 49.88; H, 6.65; N, 
- 

2-(2,4-Dinitrophenoxyhsethyl-15-crown-5c 13. NaH (0.48 g, 20 ssnol) in THF (30 mL) and a THF 
(20 mL) solution of 2-hydroxymethyl-15-crown-57.00 g, 20 mnol) were stirred until H evolution 
ceased. 1-Chloro-2,4-dinitrobenzene (4.05 g, 40 sncol) in THF (10 mL) was added in a s ream. z The 

mixture was stirred overnight (25'), filtered, the solvent evaporated and the residue 
chromatographed (alumina, O-10% i-PrOH/hexane) to afford 13 as a viscous, pale yellow oil: 2.41 g 
(29%); NMR 3.56-4.43 (m, 2lH, tall singlet at 3.671, 7.40 (d, lH, J = lOHs),8.53(dd,lH,J= 
10.2 Hz), 8.87 (d, lH, J = 2 Hz); IR (neat) 1605, 1525, 1345, 1125 (br), 830. anal. Calcd for 
C17H24N2010: C, 49.04; H, 5.81; N, 6.73. Found: C, 49.22; H, 5.94; N, 6.69. 

2-(2,4-Dieminophenoxy)mathyl-15-crown-5, 14. Compound 13 (1.25 g, 3 mmol) was hydrogenated 
(EtOH, 30 mL, 60 psi, 10% W/C) gave 14 as a very viscous oil that started out colorless but 
turned red after a few minutes exposure to air: 1.04 g (98%); NMR: 3.57 (b;s, 4H), 3.49-4.07 (m, 
2181, 6.00 (d, 0.5 H, J = 2 Hz) 6.23 (8, 
the 3.57 signal to disappear; 

1.5 H), 6.77 (d, 1 H, J = 8 Hz), addition of D20 caused 
IR (neat) 3400-3200, 1510, 1115 (br). Anal. Calcd for C17H28N206: C, 

57.29; H, 7.92; N, 7.96. Found: C, 57.39; H, 8.70; N, 7.91. 

2-(2,4-Diaminophenoxy)methyl-15-crown-5 bis-(h dro en tetrafluoroborate) 15. Diaminocrw 14 
(1.00 g, 2.8 ansol) in ethanol (6 mL) was treated with 4 a HBF h 
collected by filtration: 1.05 g (71%); mp 238-240" dec; 

4 (2 mL). A wh:trprecipitate was 
R (mull) 3220 (br), 1130-1120. Anal. . 

Calcd for C17H30B2F8N206: C, 38.38; 5.68; N, 5.27. Found: C, 36.63, H, 5.26; N, 5.29. 

2-Methoxy-3'-nitrobiphenyll 16. To anisole (400 mL) and 3-nitrobenzenediazonium BF4 (54.5 g, 
0.23 mol) was added DOtaSSi"", acetate (kg.0 it. 0.5 mol) in one oortion. The mixture turned red 
and warmed slightly, was stirred for 12h, wa,' filtered, and - the anisole evaporated in vacua. 
Column chromatography of the residue (alumina, O-10% Et20/hexane, f$5st yellow bzd)d 
recrystallization (95% EtOH) provided pure 13: 18 g (35%); mp 68-69" (lit. mp 68.5-69.0'). 

2-Hydroxy-3'-nitrobiphenyl, 17. Biphenyl 13 (9.00 g, 3.9 mmol) was refluxed with HOAc (50 mL) 
and 48% HBr (50 mL) for 8h. The solution was then concentrated , poured into ice-cold H 0 (300 mL), 
extracted with CH Cl 

6.12 g (33%3; mp 99.5-100" (lit. 
dried, evaporated fad recrystallized (50% aq MeOH) to afford 17 as yellow 

needles: 99.5-100'). 

2-[2-(3-Nitrophenyl)phenoxymethyll-15-crown-5\ 18. Anhydrous K2C03 (0.54 g, 2.9 rmnol), 
(15-crown- 5)methyl 4-toluenesulfonate (1.28 g, 2.6 mmm and 2-hydroxy-3'-nitrobiphenyl (0.56 g. 
2.6 mnol) in DMF (15 mL) were stirred and at 50" overnight. After cooling, the-solution was 
poured into H20 (50 mL), 
chromatographed (alumina, 

extracted with Et20 (2 x 25 mL), dried, and the residue was 
O-5% 2 -propanol/hexane) to afford 9 as a viscous yellow oil: 0.71 g 

(61%): NMR 3.50-4.23 (m. 21H. tall singlet at 3.73). 6.90-8.57 (m. 8H): C-13 NMR 69.04. 70.35. 
77.81; 112.32, 121.00, .121.38, 124.4i, 127.96, i28.49, 129.65, 130.30; 135.43, 139.99,'147.73; 
155.44; IR 1520, 1345, 1110 (br), 720. Anal. 
found: C, 61.44; H, 6.77; N, 3.11. - 

Calcd for C23H2gN08: C, 61.80; H, 6.43; N, 3.13. 

2-[2-(3-Nitrophenyl)phenoxymethyll-21-crow"-7X 19. (21-Crown-7)msthyl 4-toluenesulfonate 

(O-96 R. 1.9 mmol). 2-hvdroxv-3'-nitrobiohenvl (0.42:. 1.9 mmol) in DMF (10 mL) and K-CO- (0.41 
g, 3 s&l) were stirred-8h at 50' then poured into H 0 730 mL), extracted 
Column chromatography of the oil left after evaporat on 2 (alumina, 

with Et20 a8d 'dried. 
O-59. 2-propanol/hexana) provided 

10 as a thick yellow oil: 0.54 g (53%); NMR 3.66-4.23 (m, 29H, tall peak at 3.701, 6.90-8.53 (m, 
8H); C-13 NMR 68.75, 70.79, 77.99, 112.53, 121.18, 121.53, 124.53, 128.12, 128.61, 129.77, 130.42, 
135.57, 140.11, 147.87, 155.50; IR 1530, 1350, 1105 (brl, 730. Anal. Calcd for C27H37N010; C, 
60.55, H, 6.96, N, 2.61. Found: C, 60.32; H, 6.89; N, 2.72. 

2-C2-(3-amino hen 1) henox th ll-15-crown-5 20. Nitro compound 9 (0.35 g, 0.78 mmol) in 30 
mL EtOH was treated with H (60pai) g) for 12h. The solution was then filtered 
(Celite) and evaporated o afford 11 as a vary viscous oil: 0.32 g (98%); NMR 3.33-4.10 (m, 32H, 
tall singlet at 3.701, 6.57-7.50 (m, 8H); C-13 NMR 69.08, 70.39, 77.53, 112.67, 114.13, 117.13, 
120.60, 120.89, 128.32, 128.41, 130.48, 131.06, 129.42, 144.73, 155.63; IR (neat) 3320 (br), 1110 
(br), 750. Anal. 
3.35. 

Calcd for C23H31N06: C, 66.17; H, 7.48; N, 3.35. found: C, 66.17; H, 7.48; N, 
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2-[2-(3-Amlnophenyl)phenoxymethyl]-21-crown-7, 21. Nitrocrown 10 (0.78 g, 1.4 nrnol) was 
treated with II2 (60 psi) and 10% Pd/C (0.02 g) foa2h. The solution was filtered (Celite) and 
evaporated to provide 12 as a viscous, hygroscopic oil: 0.67 g (95%); NMR 3.63-4.13 (m, 31H, tall 
singlet at 3.70), 6.40-7.47 (m, 8H); C-13 NMR 69.13, 70.45, 77.97, 112.67, 113.52, 116.55, 119.93, 
120.89, 128.26, 130.51, 131.17, 139.42, 145.78, 155.66; IR (neat) 3600-3100, 1100 (br), 755. G 
Calcd for C27H39N08: C, 64.14; H, 7.77; N, 2.77. Found: C, 64.02; H, 7.63; N, 2.47. 

3-[2-(15-Crown-5+nethoxy)phenpl1benzenediazonium tetrafluoroborate, 22. Amino crown 11 (250 
mg, 0.6 nnnol) and 48% HBF4 (1.5 mL) were magnetically stirred and hea= gently until solution 
occurred. This solution was cooled (25") and a solution of NaNO, (48 mg. 0.7 mnol) in H-0 (0.5 
mL) was added dropwise. The mixture was stirred 10 min, extracted 
with 10% HBF4, 

withhCH2C12 (10 mL),lwashed 
with water, dried, and evaporated to give a residue which was taken up in CH Cl 

mL) then separated by addition of diethyl ether. After decanting the solvent, the rema&de? L: 
the volatiles were removed under high vacuum. The red gumny material was used without further 
purification: IR (CHC13) 2272. 

3-[2~-(21-Crown-7-methoxy)phenyl]benzenediazonium tetrafluoroborate, 23. Amino crown 12 (110 
0 2 mnol) was dissolved in warm 48% HBF, and then cooled (25') beforezopwise addition of an ma. . 

(30 mg, 0.4 mmol). The mix&e was stirred 10 min extracted with CH Cl (25 mL1, 
dried and evaporated. The residue'was dissolved i~i$~zi; (5 mL), 

Et20. The solvent was decanted and the remaining placed 
under high vacuum (0.1 torr) where it foamed. The colorles& foam, when heated in a capillary, 
underwent a glass transition at 45-50" and decomposed from 70-73": NMR 2.53, (broad s, impurity); 
3.27-4.20 (m. 29H. share oeaka at 3.30. 3.53 and 3.67). 6.80-7.60 (m, 4H). 7.97-8.67 (m, 3H), 9.70 
(s, 1H); IR (CHC13) 22'90: s. Calcd for C27H37BF4N208: C, 53.653 H, 6.16. Found: C, 51.59; H, 
6.51. 

3'-Amino-2-methoxybiphenyl, 24. 2-Methoxy-3'-nitrobiphenyl (5.98 g, 25 tmnol) was hydrogenated 
(50 psi) over 10% Pd/C catalyst fr3h to yield 14: mp 70-71' (lit. mp 70.5-71"). 

3-(P-Methoxyphenyl)benzenediazonium tetrafluoroborate, 25. 3'-Amino-2-methoxybiphenyl (2.30 
g, 0.012 mol) and 48% HBF4 (9 g) in EtOH (15 mL) wascooled to ca. 0" followed by dropwise 
addition of isoamyl nitrite (1.40 g, 0.014 mol). After 20 min Et 07100 mL1 was added to 
precipitate 15. Reprecipitation from Me CO by addition of Et 0 
(85%): mn 80-81.5": NMR (acetone-d,) 3. 4 

yiel ed 8 yellow needles: 3.04 g 
2 (a. 3H). 6.98-7.68 (m. 4H). 8.18 (d, lH, .I = 8Hz1, 

8.45-9.15 (m, 3H);'IR (mull) 2268,'1060 (br); 770.'Anal. Calcd for C13H11BF4N20: .C, .52.39; H; 
3.72; N, 9.40. Found: C, 52.47; H, 3.71; N, 9.70. - 

3-(2-Methoxyphenyl)-4'-N,N-dimethylaminoazobenzene, 26. To diazonium salt 15 (298 mg, 1 mol) 
in Me-CO (5 mL) was added N.N-dimethvlaniline (133 w.1.1 nun011 while stirring. The mixture 
turne b red- imediately. 
filtered 

Solid Na2C03 (015 g) was added and stirred 15 min before the mixture was 
then chromatographed (alumina, O-50% Et O/hexane) to give a red solid, which after 

recrystallization (petroleum ether) afforded 16 as re 3 plates: 208 mg (63%); mp 113-115"; NMR 3.10 
(5, 6H1, 3.83 (8, 3H), 6.67-8.03 (m, 128); IR (neat) 1600, 1370, 1145, 760. Anal. Calcd for 
C21H21N30: C, 76.11; H, 6.38; N, 12.68. Found: C, 75.95; H, 6.42; N, 12.72. 

3-~2-(21-Cro~-7-methoxy)phenyl~-4'-N,N'-dimethylaminoazobenzene, 27. To Compound 23 (ca. 30 
ma) in CHCl, (5 mL1 was added a CHCl, (1 mL) a solution of N.N-dimethylxline (ca. 30 mS)T The -- 
mixture turied red imediately. Alter stirring 15 min,. solid Na CO was added and stirring 
continued 15 min. Evaporation and chromatography (alumina, hexane) yie de f a azocrown 27 as a red 
oil: NMR 3.10 (s, 6~). 3.57-4.10 (m, 29H, sharp peaks at 3.60, 3.67 and 3.70) 6.83-8.70 (m, 8H); 
IR 1600, 1370, 1120 (br), 760. 
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