
7ard&&m& Vol. 37. pp. Ia3 to 1762.1961 
Printed in Great Britain. AU r&its tc#wtd 

CRAM ETHERS WITH CONVERGING 
NEUTRAL, BINDING SITES 

SY~~ESIS AND C~~PLE~~~~ WITH t-BU~LA~~O~IU~ 
HEXAFLUOROPHOSPHATE 

D. N. Rmwourn,t F. DE JONG and E. M. VAN DE VONDERVOORT 
Kooinklijke~Shell-~~torium (Shell Research B. V.), Amsterdam, The Netherl&nds 

Abatmt-The irdlueace of substituenta in close proximity to crown ether cavities, on the stability of complexes of 
the crown ethers with t-~t~o~urn salts, has been ~~cs~~. Crown ethers with in~~nn~ar donor 
suctions (24) were prepared by tbc reaction of Z-~ty~e~rc~l(l) with ~~ye~ylc~ g&cd ditosylstes and 
subsequent mod&&on of the acctyl group. Crown ctbers with substituents above and below the plane of the 
crown ether 0 atoms were synthesixcd by the reaction of 23’dihydroxy-l,l’-biphenyls with polyethylene glycol 
ditosyfates. Chlorotnethylation of S~dimetbyl-l,l’-bipbeayl crown ethers (6) yielded 4,4’-bis(chloromcthyl)-l,l’- 
biphenyl crown ethers (lti). 3.3’~Disubstitutcd-l,I’-biphenyl crown ethers (13-24) were synthesized by the reaction 
of 3J’~yl-2~dihy~oxy-l,l’-biphenyl fI2) with polyethylene glycol ditosylatcs. The ally1 groups of 13 were 
isomerixed with sodium hydride to prop0l-yl groups. Ozonolysis of 13 and 14 gave the #~s~~~ d~chydes 
(15 and 18) which were cor~eti into other 3,3’dis~~ti~~ ~~~nyl-~w~~ derivatives (R=CH#XMe, 
CH&OOH, CH&i, CH&!I, CH@Me, OH ad Me) by standard operations. ‘l%e thermodynamic stability of the 
complexes of t&z functiofmlized crown ethers with t-~~~rno~urn hexa&erophospspb has been shldicd in 
~u~r~No~f0~ in ~rn~ti~~ experiments with ~-xylc~l~w~5 and bcnzo-&crown-5 as the reference 
compounds. llrc nature of the 2-su~ti~n~ in the crown ethers 2 and 3 has little effect on the stability of the 
complexes. The stability of the compkxes of 3.3Wsubstituted biphenyl crown ethers depends of ringsize and the 
siu: and nature of the substituents. The most stable complexes are those of 24 (R = Me) and 14 (R=CH=CHMe). 

The Me groups in 24 represent tk optimum between relief of 04 repulsion in the polyether ring and steric 
hindrance of complexation. ‘f%c propen-l-yl substitnents of I4 stab&z the compkx hecause they provide extended 
w-electron donor st&ili&on. $~~t~~n at the 6 and 4’-positions of the aryl groups has little effect on the 
stability of the complexes. 

For certain applications crown ethers are required to 
display specific physical and chew properties, in ad- 
dition to their abiIity to form stable complexes with s&s. 
For instance, they might be required to show an in- 
creased solubility in apolar solvents,’ carry a catalytic- 
ally active group23 or be capable of being immobilized 
OR a solid support.” ethos these mod~~tions of the 
macrocyclic ~lye~e~ appear to have little influence on 
their binding properties systematic studies are lacking. 

From the literature it is known that the high stability of 
crown ether complexes is due to the macrocyclic struc- 
ture of the ligand, A ~omp~son of the sanity con- 
stants of the potassium complexes of 18-crownd6 and its 
linear counterpart shows the former to be more stable 
than the latter by a factor of 10 and L.ehn et 01.d have 
shown that another factor of I(? is gained on going from 
a monocyclic to a bicyclic ~lye~er structure t’cryptate 
effect”). This increase is due to more effective encap 
sulation of the cation by the polar cavity formed by the 
donor atoms of the &and, Another way to enhance the 
complex stability of macrocyclic polyethers is to intro- 
duce donor sites that are not part of the macr~yclic 
polyether ring itself, at positions in close proximity to the 
cavity formed by the donor atoms of the macroring. 
Such donor sites, e.g. alkoxy or carboxy, may be placed 
intra-annularly9.‘0 or may occupy positions below and/or 
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above the maCroring.“*” Donor atoms other than oxygen 
can act as lotion bag sites and other inte~ctions 
may help to organize complexation.‘~ Cram et al. have 
interpreted the preferential complexation of one of the 
enantiomers of racemic protonated amines by chiral 
dinaphthyl crown ethers in terms of preferential 
secondary interactions between “host” and “guest”. 
These interactions may be ionic (COO-)” or of a n- 
donor~~~ptor type.“*i6 From Cram‘s workIs on chiral 
recognition it is clear that in addition to these inter- 
actions, steric factors exerted by substituents close to 
the crown ether cavity are equally impo~ant for the 
stability of the complex. The objective of the present 
study was to obtain quantitative information about the 
effect of various groups, in close proximity of the crown 
ether cavity, on the complex&ion of ammonium salts. 
For this purpose two novel classes of crown ethers were 
prepared, viz ~crocyclic ~lyether de~vatives of 2- 
substituted resorcinols and of 3,3’- or 4,4’ disubstituted 
2,2”dihydroxy-f,l’-biphenyls. 

(a) Cmwn ethers de&d from resurcids. Al~ou~ 
Luttringhaus and Ziegler” prepared cyclic ethers from 
rcsorcinol and a,odibromoalkanes, resorcinols have not, 
until very recently,‘* been used for the synthesis of 
crown ethers. We have investigated the possibility of 
synthesis functionaliz~ ~in~*a~ul~ly~ resorcinol- 
based crown ethers starting from 2-acetylresorcino1 
(1) and polyethylene glycol ditosylates 
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CTosO(CH~CH~0),,Tos, n=4-8). The reason for using 
(11, besides its commercial availability, was that the 
resulting crown ethers would have a “chemical handle” 
in close proximity to the crown ether cavity. Ring 
closures were carried out in a way similar to those 
described for eatechoi.’ The results, however, were very 
different: the yields being negligible with the exception 
of 2, which was isolated in 4% yield. Two derivatives of 
2 were synthesized by modulation of the ins-a~ular 
acetyl substituent. Reaction with sodium h~bramide 
converted 2 into 3 in a yield of 55%, and the oxime 4 was 
obtained by reaction with hydroxylamine in a yield of 
84% of the E- and Z-isomers (Experimental). Crown 
ethers 2 and 3 were used for complexation studies (vi& 
~~jru~* 

17,/-\0 

6 
0 0 

I 2: R=COCH, 
3:R=COOH 

(b) Crown etzlerf derjved from 2,~-~~y~~~y-l,l’- 
~~~e~y~. As the second type of starting material that 
allows the introduction of substituents close to the crown 
ether cavity we chose 2~d~ydrox~l,l’-bipheny~, 
which is ~ommer~i~ly av~able. From CPK molec~ar 
models it can be seen that su~ti~en~ in the 3- and 
4-positions will occupy positions above and below the 
cavity. Our first approach, which is outlined in Scheme 1, 
aimed at the introduction of cbloromethyl groups in the 
3- and 3’.positions of bipheny~-2~rown~ and biphenyl- 
23~rown-7, unexpectedly led to 4,~disubstitut~ com- 
pounds. 

Chloromethylation of anisoles takes place in the o- 
and p-positions and often leads to dichloromethylated 
products. Only when o- and ~-~sitions are blocked will 

chloromethylation occur in the m-position. Since our 
objective was the specific substitution of the 3- and 
3’positions (o&u-positions relative to the alkoxy groups 
in biphenyl crown ethers) we blocked the 5- and 5’- 
~sitions aunt}, as these are &he most reactive. The 
other u-~sitions are occupied by the biphenyl C-C 
bond. Blocking of the 5- and Y-positions was achieved in 
two different ways {Scheme 1, a and IY). 

The first route comprises the synthesis of 2Jdiiy- 
droxyJ,Y - dimethyl - 1,l' - bipheny~ {S) via oxidative 
coupling of p-cresol with ferric chloride.1°3’ Although 
the product had the physical properties reported in the 
literature, mass spectrometry revealed the presence of 
5-1096 of a “trimeric” specie? and as these two com- 
Pounds could not be separated easily on a prepa~tive 
scale, the mixture was used for further r~c~ns with 
pentaethylene glyeol ditosylate.” The resulting crown 
ether (r was purified by chromatography and isolated as 
a ~~s~l~ine #mpound in a yield of 18%. As this meth~ 
did not lend itself to the prep~ion of moderately large 
quantities of 6a we concentrated on the second route. 

The second route comprises the selective 
chloromethylation of compounds 8 in the 5- and 5’- 
positions. Crown ethers 8 (n = 1 or 2) were prepared in 
yields of J&70% by reaction of 2~d~y~oxy-l~l‘- 
biphenyl and penta- or hexaethylene glycol ditosylate in 
tetrahydrofuran with sodium hydride or potassium t- 
butoxide as a base.” The chloromethylation of 8 with 
two eq~v~ents of c~orome#yl methyl ether was car- 
ried out at -60” (SnCl& in order to achieve selective 
substitution in the 5- and S-positions;” the 
chloromethylated crown ethers 9a and 9b were obtained 
in yields of 77 and @%, respectively. The chloromethyl 
groups in these compounds were converted into Me 
groups by reaction with lithium ~uminum hydrid. Product 
&I thus formed was identical with the major component in 
the mixture obtained from the oxidative coupling of 
p-cresol. 

The ch~oromethylations of k and b were carried out in 
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the same way as described for 8 and the 
bis(chloromethyl) crown ethers l&t and b were isolated 
in yields of 57 and 8296, respectively. On the basis of 
‘H NIvlR and “C NMR data we had to ass&n structures 
10 rather than 7 to these compounds. This means that the 
reaction had not taken pIace in the usual manner, i.e. 
with suction oar relative to the aIkoxy substi~nt, 
This utmsual ~~~~~ is most likely due to steric 
crowding of the 3-and 3’-positions by the crown ether 
ring. 

The structure of 10 was assigned on the basis of a 
~rn~~n of “CNMR data of sevcrai crown ethers 
with a l,l‘-~~hen~l subunit. The absorption at 114 ppm, 
which is a doublet due to the coupling with a proton, 
corresponds to a carbon atom in a &position relative to 
the alkoxy substitueat. Hence, the 3- and 3’-positions are 
not substituted and since in the ‘H NhfR spectra the aryl 
protons are present as broad sin@ets rather than as an 
AB quartet, the possibility of substitution at the 6- and 
Q-positions can be r&d out. 

The ~s~cnt of structure 10 was strongly supported 
by ~mparison of the spectra of 14 with those of other 
3~d~u~ti~t~ biphcnyl crown ethers, which had been 
obtained via a different route (oidc infra). These com- 
pounds did not show absorptions for the aryl carbon 
atom at values lower than 123 ppm. 

A possible method for the introduction of functional 
groups in the ortfio positions of phenolic compounds is 
via Mannich condensation even if the pore-positions are 
unprotected.ab Thus, Cram et dn reported the synthesis 
of crown ethers derived from 2,2’ - d~y~oxy - 1,1’- 
~~h~yl with su~tituen~ in the 3- and the 3’-~sition 
via reaction of 2~d~y~oxy-l,i’-binaph~yI with (mor- 
phohn-l-y]) methyl butyl ether. The reaction times 
required were as long as 5 days at 150”, while subsequent 
modification of the (morpholin-l-yl) methyl substituents 
could be achieved by reaction with acetic anhydride for 
two weeks. Our attempts to appIy this method to 2,2’- 
dihydroxy-I,l’-biphenyl were unsuccessful. 

We used a different approach to introduce reactive 
substituents in bipheny~-2~owR~ at the 3- and 3’- 
~sitions, viz a route #rnp~s~ a double Claisen rear- 
rangement of 2.2’ - bis(ahyloxy) - biphenyl (tl).= 
22’ - Bis(aIallyioxy) - I,I’ - bipheayl (11) was prepared in 
70% yield by the reaction of 23’ - dihydroxy - &I - 
biphenyl with ahylbromide.” When 11 was heated at 
190” for 24hr a highly selective rearrangement occurred 
and 3,3’ - bis(allyl) - 22’ - dihydroxy - 1 ,I’ - biphenyl(12) 
was obtained in quantitative yieldeM Under these con- 
ditions the benxofuran derivative that is formed as a 
b~r~uct when the re~~emcnt is carried out in N,N 
- diet~yla~~e for 140 hr,” is not obtained. 

33’ - DiaI!yl - 22’ - dihydroxy - 1,I’ - biphenyl(l2) was 
reacted with per&ethylene glycol ditosyiate in tetra- 
hy~of~n in the presence of two eq~v~ents of sodium 
hydride as the base. Crown ether 13 was obtained in ?Sf% 
yield but in most eases it was contaminated with small 
amounts of the isomeric crown ethers. Treatment of 13 
or crude mixtures of isomer& crown ethers with sodium 
hydride in tetrahydrofuran resulted in the complete 
eonversion into 14 in which the olefinic double bonds are 
conjugated with the aryl groups. This isomerization must 
be due to the presence of a crown ether ring in the 
molecule because 39 - dialilyl - 2,2’ - dihydroxy - 1,l’ - 

13: R = CHiCH = CHz 19: R = COOH 
14: R = CH = CHCHs 20: R = OH 
15: R = CH,CHO 21: R = CH,OH 
16: R = CH,COOCH, 22: R = CH$I 
17: R = CHaCOOH 23: R = CH,OCH, 
18: R=CHO 24: R= CHs 

biphenyl does not isomerixe in the presence of excess of 
sodium hydride. It is likely that the isomerization takes 
place in a crown e~r~s~ium hydride complex because 
recently it was reported that hydride drown ether com- 
plexes are very strong bases3’ The isome~~tion could 
be avoided by reacting 12 and pentaethylene giycol 
ditosylate in acetonitrile in the presence of four 
equivalents of cesium fluoride.‘2 The uncontaminated 
3,3’ - diallylbiphenyl - 20 - crown - 6 (13) was obtained in 
30% yield. 

The next step was the selective conversion of the ally1 
or propenyl groups into reactive substituents. This could 
be achieved e.g. by o~nolysis in me~~ol at -6o”, 
followed by tr~tment of the bis(o~~de~ with sodium 
iodide. Thus, from the 33 - di~ly~biphenyl - 20 - crown - 
6 (13) we obtained dialdehyde 15, which was identified by 
‘HNMR and “CNMR spectroscopy. Subsequent oxi- 
dation of 15 with Care’s acid in dry methanol yielded 
76% of the 33’ - bis(methoxycarbonyl)biphenyi - 20 - 
crown - 6 (14). Saponification of the ester groups in 16 
gave the crown ether bearing the two carboxymethyl 
eproups in the 3- and 3’-positions (17). 

~~nol~is of the 3$’ - bis~ro~nyl)biphenyl - 20 - 
crown - 6 (td) under similar conditions yielded dialde- 
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hyde 18 in almost quantitative yield. Upon oxidation with 
Caro’s acid this dialdehyde did not give the correspond- 
ing diacid (19), but most probably afforded a diol (29) 
formed by decarboxylation. On the other hand, the al- 
dehyde groups in 18 were easily reduced with lithium 
aluminium hydride to give 3,3’ - bis(hydroxymethy1) 
- biphenyl - 20 - crown - 6 (21). The latter was converted 
into the corresponding 3.3’ - bis(chloromethyl)biphenyl - 
20 - crown - 6 (22). The overall yield of the conversion of 
33’ - diallylbiphenyl - 20 - crown - 6 into 22 was 70%. 

As alkoxy groups are potentially better donor hgands 
than hydroxyl goups we prepared 3,3’ - bis(methoxy- 
methyl)biphenyl - 20 - crown - 6 (23) from 22 with 
sodium methoxide in methanol, It has &n postulated’0 
that the difference in stability between hydroxy- and 
alkoxy-substituted crown ether complexes is related to 
the fact that acidic OH groups form strong H-bonds with 
the crown ether O-atoms. Finally, the 33 - 
bis(chloromethyl)biphenyl - 20 - crown - 6 was reacted 
with lithium ahrminium hydride to give the 3,3’ - 
dimethylbiphenyl - 20 - crown - 6 (24). For comparison of 
the stability of the complexes of 3,3’- and 4,4’di 
substituted biphenyl-2O-crown-6 derivatives 1Oa was 
reacted with sodium methoxide in methanol. 4,4’ - 
Bis(methoxymethy1) - $5’ - dimethylbiphenyl - 20 - 
crown - 6 (25) was obtained in a yield of 64%. 

*H NMR spectra of the 1 ,l’-biphenyl crown ethers 
In a recent paper Pearson et ai.- have discussed the 

chirality of 1,l’ - biphenyl - 4,iO - diaza - 17 - crown - 5 
and its complexes with ammonium salts. They reported 
an approximate energy barrier for the inversion of the 
two enantiomers of 18 2 1 kcal. mol-‘, calculated from 
the ABCD systems of the 0CH2CH2N units in the 
‘H NMR spectra of these compounds at various tem- 
peratures. We found that at room temperature in the 
‘H NMR spectra of the 33’disubstituted biphenyl crown 
ethers 21 and 22 the benzylic protons are magnetically 

non-equivalent. The chemical’ shift d8erenc.e of the pro- 
tons HA and HB of the chloromethyl groups in 22 is only 
0.08 ppm at room temperature (JAB 13 Hz) and the AB 
system collapses in bromobenzene at 1400. 

The signals of the benzylic protons of the 
bis(hydroxymethyl)crown (21) are more complex. The 
chemical shift ditTerence of the protons H,, and HB is 
larger (0.34ppm) but we also observed non-quivalent 
coupling with the OH1 proton (JcWA_OHj - 9 Hz and Jme- 
OH) - 6 Hz). This indicates that the OH1 groups are H- 
bonded to crown ether O-atoms, which restricts the 
rotation around the CHAH bond. The observed non- 
equivalence of benzylic protons has also been reported 
of 3,3’ - disubstituted l,l’-binapbthyl crown ethers (JAe - 
13 Hz):” in these compounds the binaphthyl group has a 
chiral stability up to 250”. In the corresponding 5J’ - 
dimethyl - 4,4’ - bis(chloromethy1) - 1.1’ - biphenyl - 20 - 
crown - 6 (loll) such a non-equivalence is not observed 
and this leads to the conclusion that substitution at the 3- 
and 3’-position increases the energy required for in- 
version of the biphenyl crown ethers. 

Complexes with t-butyylammonium hexafluorophosphate 
The values of the association constants of complexes 

of biphenyl crown ethers with t-butyl ammonium salts in 
deuteriochtoroform were determined using the titration 
method reported previously.” By doing so we obviated 
the problems that would arise when comparing the 
association constants of the series obtained by the par- 
tition method,” the results of which are sometimes obs- 
cured by the large effects of small amounts of water. As 
the reference complex we used the complex of m-xyleno 
- 18 - crown - 5 with t-butylammonium hexafluoro- 
phosphate, which has an association constant of 2.2~ 
1V I. mol-’ in chloroform. The values of the association 
constants are given in Table 1 and they show some 
interesting differences. The observed difference between 
the K. values of the biphenyl - 20 - crown - 6 ($a) and 

Table 1. 

Number of crown ether R % 

l.mOl_l 

88 H 0.25~10~ 

&I? H 0.76~10~ 

?1 CH2CH-CH2 1.20x105 

AP CH-CHCH3 16.9 x105 

31 CH2OH o.79x105 

12 CH2Cl 1.5 x105 

ar CH20CH3 2.4 x105 

ai CH3 
7.3 x10 

5 

21 o.45x105 

"Obtained via the titration method 
34 

nith the complex 

of m-xyleno-l8-crown-5 as the reference compound 

(Ka = 2.2~10~ l.mol-l) 
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biphenyl - 23 - crown - 7 (sb) points to a better fit of the 
t-butylammonium cation with the Bmembered ring. 
However, in many cases the efltct of substituents in the 
3- and 3’-positions of the bipbenyl subunit is much larger 
than the effect of ring size. Generally substitution at 3- 
and 3’-position leads to more stable complexes probably 
because of a greater release, upon complexation, of 
electron-electron repulsion of the two aryl oxygen 
atoms.” CPK molecular models reveal that methyl sub 
stituents force the two O-atoms closer together than in 
the unsubstituted crowns. This concept of complexation 
was recently formulated by Cram” and used for the 
design of a new class of macrocyclic ligands, the 
spherands. However bulky substituents, e.g. 
chloromethyl groups begin to shield the two phenolic 
O-atoms. In their work on chiral recognition with 
bis(binaphthy1) crown ethers Cram ef PL” have observed 
qualitatively similar effects of bulky suhstituents close to 
the crown ether cavity on the stability of the complexes. 
A remarkable difference in the stability of the complexes 
of the two isomeric crown ethers 13 (K. = 1.2 x IV) and 
14 (K. = 16.9 x l@) is observed. The dtierence is prob 
ably related to a dtierence in the n-electrons, being 
isolated in 13 and conjugated in 14. Previously it has 
been demonstrated that aromatic rings being n-donor 
substituents stabilize crown ether complexes of am- 
monium salts.37 In crown ether 14 the extended T- 
electron system of the l-propenylphenyl groups are 
situated favourably to stabilize the ammonium group. To 
our knowledge this is the first example of such extended 
aryl n-electron stabilization. The bis(methoxymethy1) 
substituted crown ether 23 forms a more stable complex 
than the corresponding hydroxymethyl substituted crown 
ether 22 although the methoxymethyl groups are more 
bulky. The reason for the observed difference is that 
formation of a complex of 21 requires the cleavage of the 
hydrogen bonds of the OHI group with the crown ether 
O-atoms. A similar difference is observed for complexes 
of binaphthyl crown ethers substituted with carboxyl and 
ester groups respectively. The complexes of the esters 
being more stable” by a factor of 8.5. Substitution at the 
4- and 4’-positions has little effect on the complex stabil- 
ity (K, (25) 0.45 x lo’ 1. mol-‘). 

(3) derived from resorcinol hardly affects the complex 
stahiliiy when compared with the corresponding acetyl- 
substituted crown ether 2. The respective association 
constants of 2 and 3 were measured as descrii shove 
with benzo-Ucrown-5 as the reference complex (K.= 
0.29 x 10’1. mol-I). In chloroform the association con- 
stants of the t-butylammonium hexafluorophosphate 
complexes of 2 and 3 are 1.0 x 10’ and 1.7 x 10’1. mol-’ 
respectively. These values are comparable to that of the 
corresponding 1.3-xyleno-2lcrownd complex with t- 
butylammonium hexaffuorophosphate (K. = 2.9 x 
10’ 1. mol-‘)M It is not surprizing that the carboxyl group 
does not lower the stability of the complex because the 
geometry of 3 will not allow the formation of an intra- 
annular H-bond to one of the crown ether O-atoms. 

The results obtained in this work underline the need 
for quantitative studies of the relationship of complex 
stability and crown ether structure. In addition to ring- 
size and type (and number) of donor ligands converging 
groups may be used to stabilize or destabilize complexes 
with ammonium salts. In the accompanying paper we 
describe the synergistic effects of converging charged 
(anionic) groups and a crown ether cavity in the com- 
plexation of divalent cations. 

ExPERrMENT‘u 
‘H NMR and 13C NMR spectra were recorded on a Bruckcr 

WH 90 instrument in CDCI, with TMS as the internal reference 
compound, unless otherwise stated. 

The mass spectra of all compounds were recorded on an AEI 
MS 902 spectrometer. In all cases they featured a parent peak 
and a fragmentation pattern in agreement with the proposed 
structure. 

New compounds or derivatives thereof were analysed for their 
elemental compositions; the results were satisfactory ( ? 0.5%). 

2’-Acctyl-1’,J’-bmzo-22-crown-7 (2) 
A mixture of 15t .2 g (0.256 mol) hexaethylene glycol ditosylate, 

38.9 g (0.256 mol) 2,6dihydroxyacetophenone, 34.1 g (0.538 mol) 
KOH, 376 ml of n-BuOH and 30 ml water was heated under reflux 
for 48 hr. The solvents were evaporated off to give an oil, which 
was taken up in THF and subsequently filtered over 8oOg alu- 
mina. The first fractions yielded 9.260 solid material, which was 
recrystallized from a mixture of THF/heptane (l/l), yield 4.2 g of 
2 (4.1%), m.p. 125-127”. 

The intra-annular carboxyl group in the crown ether Spectroscopic data are presented in Table 2. 

Table 2. ‘H, “C-NMR and MS data of 2’-substituted 1’,3’-benzo-22crown-7 (2-4) 

Compound R 
jM* l 

H Chemical shifts, ppm 
13 

C Chemical s'::fts, >prn 

E(CH2CH20)6 6(H ) R arm f[CH2CH2W6 6(C ! A .3rcm 

105.41 32.6’5 

2 CCCH 398 3.60, 3.78, 
122.44 203.97 

r? 3 
6.49, 7.20 2.67 68.5-71.3 

. 16 129.95 

155.81 

a a 
! CCXJH 400 3.71, 4.23 6.56, 7.24 - a 

(NIXI)CH~~ 

157.07 4 413 3.5-3.9, 4.11 6.51, 7.13 2.13 69.3-70.6 118.41 I 115.56 II 

. 129.33 129.33 22.57 
II 

157.57 155.53 149.96 

I 

1 

105.58 104.93 15.56 I 

a. Slightly soluble II? CDCl) 

5. (Xl = E-owime and (II) - pakne 
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Bf2 (3.9g, 24.6mmoQ was added dropwise to a s&t of 3.83g 
(95.8 mmo@ NaOfi in 21 ml water at a tcmp of 50. Thea 14.5 ml 
dioxanc was added. Subsequently a soln of 29g (8.2~0~) of 2 
dissolved in a mixture of 51 ml dim and 14.5 ml water was 
added over a period of 1 hr at a temp below 10”. The mixture was 
stirred for 16 hr and then the dioxanc was distilled off. The 
aqueous layer was saturated with NaCI and extracted with 
CHCl~. The yield of crude product was 1.68 (55%). Recrystal- 
l&ion from E~A~~~ yielded aua&ic&y pure 3, m.p, 
12@-122”. ~~~~~ data are presented in Tabk! 2, 

A mixture of 0.40 g (1.1 mrno~~ of 2,l ,O g 1143 mrno~~ hydroxy- 
Iamine hying, 4 ml NaOH aq (10%) aod 13 ml EtOH was 
heated under r&x for 2Omin. The volume of the mixture was 
reduced by evaporation to 5 ml and extracted with CHClj. The 
CHCI, layer was dried over h&SO, and the solvent was 
evaporated off to give 336 mg (84%} of 4. R~~~~n from 
ether gave fhe pure material, m.p. 11~117”. Spcctr&c4$c data 
arc presented in Table 2. 

A &arc of 315 g (2.00 n&j p-cresol and 7wlg (2.78 mol) 
F&l&H@ was stirred for 17hr at a temp of 30”. The rn~~e 
was then exhaustively extracted with benzene and after 
evaporation of the solvent the remaining p-cresol was distilled 
off b 11ocuo (15W70 Pa). The residue was taken up in dicthyl 
ether and this sohi was washed with water sod extracted with 
1 hi NaON. The aqueous layer was neutralized with cone HCI 
and extracted with diethy! ether. After evaporation of the diithyl 
ether a dark oil was obtained from which 5 was Mated by 
s~~~~ ~~~~o at 1~~1~ Pa. The solid material was 
r~~~~ from benzene to yield 2OJg (1046) of 5, m.p. 
146i4P. According to mpss spectrometry the product was 
295% pure. 

(a) Ftom #he reaction of 2~-d~ydroxu_59-d-l,l’-bi- 
pays ISI and ~~~~~yf~ stycoi d~os~~e ~~R~~. A 
mixtuze of 805 mg (3.76 mm00 S sod 842~ KWu in 45ml 
THF was stirred for 2.5 hr al 40’. Subsequently 205g 
(3.76@nol) of pcntaethyleac &cd ditosylatc was added and the 
mixti was heated under r&x for 16hr* The THF was 
evaporated and the residue was takep up io C&Ch. * organic 
layer was washed with water and aqueous base and then dried 
over M&O,. After evapo~~n of the solvent 1.48g of oil was 
obtaiti. ~mat~phy over alumina with CHflz yielded 
1.128 (72%) of crude 6a. Further puritkation in order to remove 
the last traces of unreacted ditosylate and 2 :2 product was 
Gwen by c~o~t~by ~~~~~~~ ether] and ncrySta- 
lizatioa from heptanc (yield 1896, m.p. 93-94~.‘” Spectroscopic 
data of 6a are prcscntcd in Tables 3a and 3b. 

(b) From the Huelion of S,S-bis(chfo~wthyi)b~&enyRO- 
clown4 (9a) wirh M&m ~~~i~ hyhic’ A soh of 44.62~ 
(0.092 mo1) of s~-biscchlo~~~yl)~ in 
7OOml THF was slowly added to a suspension of 13Jg 
(0.368 mol) LAH in 575 ml THF. The mixture was stirred over- 
nit&t and the excess of L.AH was destroyed by tbc addition of 
EtOAc and 22 ml water. After stining for 16hr the salts were 
filtered and the 6ltra& was dried over Mg!?&. Evaporation of the 
THF gave a solid, which was recrystallized from hcptane. The 
yield was 28.8 g U5%) of analytically pure 6a. 

BiphellyM-cfuwna #a) 
A soln of 44&g (0.24 mol) of 2.2’dib~roxy-l,l’-~~nyl 

in 800811 THF was stirred for 2hr at 4tP with lM4g (O.~mol~ 
N&i. Subsequently, 132.08 (0.24 rnolj pcntaethyknc &c01 
ditoaylate was added and the mixture w= heat& under refhtx for 
16 hr. The solvent was dilly off aod the residue was taken up 
ia CH~C~watcr~ The orgauic layer was washed with NaOH aq 
and with water and finatly dried over h&SO+ After evaporatin 
of most of the solvent the residue was puriilad by c~~~~ 

Table 3(a). ‘H NMR Data of biphenyl-2tkrown-6 derivatives 

3.50-4.22 

Table 3(b). ‘SC NMR Data of biphenyUkrown_ti derivatives 

I 
bY.U.3 
68.79 1 

I 
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graphy over alumina. BiphenyMO-crown-6 was obtained as an 
oil, which crystallized from heptanc. The yield of pure & after 
recrystallization, was 5 1.2 g (55%), m.p. 6264”. Spectroscopic data 
of & are presented in Tab!cs 3a and 3b. 

Biphenyl-23-cwwn-7 (sb) 
Biphenyl-23crown-7 waa obtakd as an oil from 2,2’diiy- 

droxy-l,l’-bipheayl and hexaethylcne glycol ditosylate in the 
presence of hvo equivs of NaH (or t-BuOK) in a yield of 53% (or 
71%); the pr&ure was the same as dcscrii above for the 
synthesis of &. Spectroscopic data of & arc presented in Tables 
4a and 4b. 

SJ’-Bis(chlowmethyl)biphmyl-~c~wnd (Sr) 
Chloromethyl methyl ether (287.5 art, 3.78 mol) was added to a 

soln of 48.88 g (0.126mol) of biphenyl-2O-crownd in 720 ml 
CHCI>. To this soln 86.25 ml (0.74 mol) SnQ was added drop- 
wise at a temp of - 60”. The mixture was stirred for 1 lu at - 60” 
and then poured into a mixture of I.5 I water and 3 I CH2C12. The 
organic layer was separated off, washed successively with 
NaHCO, aq and water, and finally dried over MgSO,. The crude 
product, obtained after evaporation of the solvents, was purified 
by elution with a mixture of CH2C11 and dicthyl ether (4/l) over 
alumina (3Mg). The crystalline 9s was further puritkd by 
recrystallization from diethyl ether; total yield 47.1 g (77%), m.p. 
58-W. Spectroscopic data of )r are presented in Tables 3a and 
3b. 

55’-Bis(chloromethyl)biphencnyl-23-crown-7 (9a) 
Biphenyl-23-crown-7 (46.25 g. 0.107 mol) was reacted with 

245 ml (3.23 mol) chloromethyl methyl ether in the presence of 
73 ml (0.62 mol) SnCl, according to the procedure described for 
the synthesis of 911. The yield of 9b amounted to 39.2 g (6%). 
Spectroscopic data of 9b are presented in Tables 4a and 4b. 

Compound 6a was reacted with chloromethyl methyl ether in 
the p&&cc of SnCL according to the proccdurc described. The 
crude 101 was puritkd by column chromatography over alumina 
with a mixture of CH+& and dicthylethtr (19/l) as the elucnt, 
followed by recrystallization from pcntanc. TIE yield of pure ldr 
was 57% (m.p. 98-W). Spectroscopic data of lb are presented 
in Tables 3a and 3b. 

S,S-Dimethylbiphenyl-23-crown-7 (6b) 
Compound 9b was reacted with LAH in THF according to the 

procedure described for the synthesis of 5,5’ - dimethylbiphenyl- 
20 - crown - 6 (method b). The yield of 6b was 82% (oil). 
Spectroscopic data of 6b are presented in Tables 4a and 4b. 

Compound 6b was reacted with chloromethyl methyl ether in 
the presence of SnCI,. From 15.0 g (0.0326 mol) of 6b, IOh was 
obtained as an oil in 73% yield after chromatography 
(A&OJTHF). Spectroscopic data of lob are presented in Tables 
4a and 4b. 

2.2’-Bis(nrryroxy)-l,I’-biphenyl(11) 
A mixture of 55.8 g (0.30 mol) of 2,2’dihydroxy-l,l’-biphenyl, 

dissolved in 600 ml THF, and 13.8 g (0.6 mol) of NaH was heated 
under reflux for l6hr. After this mixture had been cooled to 
room temp 52 ml (0.60 mol) of ally1 bromide was added and the 
mixture was heated under reflux for 16 hr; this procedure was 
repeated with a second portion of 52ml ally1 bromide. Finally, 
the solvents were distilled off and the residue was purified by 
column chromatography (A120J(pentane/CH,C12 19/l). The yield 
of I1 was 56.0 g (70%). ‘H NMR (CDCI,): S(CH2) 4.49 ppm: 
6(=CH& 5.W5.31 ppm; WZH=) 5.70-6.14 ppm; 6(H_) 6.86 
7.38 ppm. 

Table 4(a). ‘H NMR Data of biphenyl-23crown-7 derivatives 

Compound Chemical shift (ppm) 

IlO. 
b(H arom.) 6 (CH2CH201 6fHR ) 6(HR 1 

I 6b 6.85-7.24 3.52-4.16 2.33 == 

8b 6.94-7.44 3.52-4.25 =z 
9b 6.92-7.44 3.55-4.23 4.62 == 
lob 6.99-7.05 3.56-4.22 2.37 4.65 === 

Tabk 4(bb “C NMR Data of biphcnyl-23crown-7 derivatives 

Couqourld I Chcmlcal shift (ppm) 

IIU . 

6 (C2) 6 (C>) bLc1,4,5) 
E (C6) 6 (C-C-0) S(CR t h(C ) 

R 
- 

(31, 15J.511 111.7b t 28.62 131.90 70.74 20.47 
118.75 70.58 
129.62 6Y.86 

68.79 
-_- 

1 5b. 5’) 112.56 126. 36 lc4) 131.25 70.68 
128.77 ‘C,) 70.56 
120.‘)‘, tc ) 5 69.17 

68.63 

,)I, 1 ‘it,. 7b Il?.Sb 128.31 131.86 70.84 46. 3a 
129.13 70.74 
12’!.5Y 69.80 

I 6E.82 

1111, 15’, IJi 114.47 1213.84 . 133.49 70.94 17.84 4‘z:.k!i 
ta.01 I 70.84 
135.44 (c4) i 70.74 

69.08 
67.95 
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3,3’-~yi-2r-~~x~l,l’biillhayl (12) 
Compound 11 was heated in an atmorpbcre of argon at 190” 

for u hr. ‘H NMR spectmapy rmakd thmt the c-ollvenioo to 
12 was quantitative and the product was used for furtlxr reac- 
tions without pur&ation. ‘H NbfR (CDCl& 6(CHJ 4.59 ppm; 
6(=CHJ S.lS5.40 ppm; I(-CH=) 5.75-6.20 ppm; 8(OH) 
6.37 ppm; w 6.W7.45 ppm. 

3$‘-LxuUyfbipI4enyL2O_crown6 (13) 
(a) So&on ~y&.MclrrJly&o~u~. A sotn of 16.0 g (0.06 mol) 

of 12in600mlTHPwas~witb2.88g(O.l2mol)NnHfor 
24hr at 45”. Subsequently 32.7 B (0.06 mol) of pentaethyknc 

glycol ditosykte dissolved in loOmI THF was added and the 
mixture was stirred for ldhr at 4Y. After cooling to room temp 
the solid was &red off and the tUtrate was concentrated. The 
residual oil was puritkd by column chromatography (Al&/diet- 
hyl ether/S% THF) to give 16.28 (75%) of 13 as an oil. Spec- 
troscopic data of 13 are presented in Tabks 5a arut 5b. 

(b) Cuinm jfyorLf&zcrlonirrilr A mixture of 2.66g (0.01 mol) 
of 12, S&g (0.01 mol) pentaethylene gtycol ditosyiate, 6.C18g 
(0.04 mol) cesium fluoride and 20 ml acetonitrite was rethued in 
an absolntdy dry ahospk for 42 hr. The solid (CsH&) was 
flkred off and the iiltrak was evaporakd to dryness. The 
residue was taken up in a mixture of wake and CHCb. The 

Table 5(a). ‘H NMR Data of 3.3’disubstituted biphenyl2tLcrownb derivatives 

T Chemical shift (ppm) 

(H arom.) 6 pi*CH20) 

6.95-7.23 3.35-3.80 

7.03-7.50 3.35-3.85 

7.07-7.39 3.40-3.74 
7.00-7.38 3.28-3.85 
7.19-7.37 (2H) 
7.63-7.96 (4H) 

3.39-3.94 

6.78-7.21 3.50-3.90 
7.01-7.38 3.49-3.90 

7.03-7.49 3.35-3.85 
7.11-7.55 3.45-3.95 
6.96-7.33 3.46-3.87 

5.80-6.31 (-CH-), 4.97-5.23 MHZ), 
-3.6 KHz) 
6.77-6.96 (CM-W), 6.03-6.46 (CH-CH). 
1.90 and 1.98 (CB I 
3.80 (CH ), 9.77 $CHO) 
-3.6 (CR;) 

10.55 (CHO) 

4.56 and 4.90 (JAB m 12.5 HZ; 

JUJ 

4.78 
- OH) = 6 HZ; J(H 
and 4.86 tJ= - I& 

i:: - 9 HZ) 

4.68 
2.39 

K!H2ba 
KH3) 

a, Absorption of CH3 coinlcides with CH2CH20 protons 

Table 5(b). “C NMR Data of 3,Ydisubstitukd biphenyK!&xown6 derivatives 

Coppo~ 
Chemical shifts (ppp) 

no. 6(C*) d(c1,31 &c,,~) 6(c,) 6(cazcuzo) 6(C Rt.R21 

2 154.74 131.69 129.49 123.38 70.25 34.41 (-CH2-1 
133.62 130.01 70.74 115.71 (-CH2) 

70.75 137.53 (-CH-) 
71.88 

14 153.67 131.99 126.37 123.51 70.06 18.91 (CH 1 
132.35 126.47 70; 55 125.53 ,-Cik 

70.64 130.53 (-Cl+) 

1 

17 

k 29 

155.10 130.47 128.42 
130.96 131.86 -!--l- 149.90 132.19 115.52 
144.31 121.82 

124.29 69.51 
69.99 
71.65 --I- 124.52 69.83 
70.55 
72.63 

36.88 (CEI 1 
171.53 ( C&H, 

(pi.;6 1 ;;:L;: / 129.20 1 123.55 1 ;!5;f j 61.32 (‘3908) 

154.64 131.31 128.65 123.42 70.06 41.36 
132.09 131.38 70.32 

(CN,Cll 

70.61 
70.74 
72.43 

131.31 123.42 69.90 58.42 KH3) 
128.65 70.16 

70.38 72.26 (CR21 
70.64 
70.74 
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organic layer was sepatated form the aqueous soln and sub 
sequcntly washed with water and dried over MgSG,. The CHQ, 
was evaporated and the residhe pm&d by c&mn chromate- 
graphy (alumina/(CHsC~P 99/l)). 3,3’-DUylMphenyl-2@ 
crown4 (1,4g, 309b) was obtained aa an oil, which had the same 
spectroscopic characteristics as the product obtained under (a). 

31-Bir@~~-l-yl)bi~yf-~c~~~ (14) 
Compound 13 (17.6 g, 0.0376 md) dissolved in 400 ml THF was 

reacted with 0.903 g (0.0376 mol) NaH for 66 hr at 60”. The solid 
was removed by filtration and the filtrate was concentrated to a 
small volume. P&cation by chromatography over alumina 
(with THP as the clucnt) yielded 17.14g (97%) of 14 as an oil. 
Spectroscopic data of 14 are presented in Tables k and 5b. 

Reaction of 3$‘-diallylb~henyl-2c~wn~ (13) with ozone 
Oa was passed through a soln of 2.5g (O.&I53 mol) of 13 in 

50 ml MeOH for 4.5 hr at a temp between -65’ and - 60’. 
Subsequently 4.8 g (0.032 mol) NaI dissolved in 25 ml AcGH was 
added dropwise, the temp was gradually &reased to room temp 
and finally the mixture was stirred for 1 hr. After dilution with 
water the iodide formed was titrated with 1 N Na&O> and the 
mixture was extracted with CHCb. The organic layer was 
washed with water, dried over k&SO, and distilkd. The residual 
oil, 2.68 (10046), consisted of pure 15. Spectroscopic data of 15 
are presented in Tables 5a and 5b. 

Caro’s acid-prepared from 2.0 g cone HsSG, and 0.312 g H& 
(90%)-was added at 0” to a soln of 15 (2.06 g, 0.00413 mol) in 
20 ml MeOH. The mixture was stirred for 3 hr at IS’ and then 
poured into ice. Extraction with CHC& followed by washing with 
water and drying over MgSG, gave, after evaporation of the 
solvent, 1.67g (76%) of oil, which was put&d by column 
chromatography (AIIO$J’HF). The product was taken up in 20 ml 
MeOH and reacted with 2.64 ml 1 N NaOH for 2 hr at room temp 
and then diluted with water, extracted with CHCI,, acid&d with 
cone HCI (pH 2) and finally extracted with CHCI,. The yield of 
17 was 0.26g. Spectroscopic data of 17 are presented in Tables 
5a and 5b. 

Reaction of 33 - bidpmpen - 1 - yf)b&nyl - 20 - crown - 6 (14) 
with ozone 

0, was passed through a soln of 7.0 g (0.015 mol) of 14 dis- 
solved in 2101nl MeOH for 6hr at a temp between -6y and 
- 60”. Subsequently, the mixture was worked up in the same way 
as the mixture obtained after the reaction of 13 with 0s. The 
yield of 18 (oil) was quantitative. Spectroscopic data of 1% are 
presented in Tables 5a and 5b. 

3$‘-Dihydroxybiphmyl-2c~w~~ (a) 
Dialdehyde 18 (2.0 g, 0.0044 mol) obtained from oxonolysis of 

14 was reacted with Care’s acid as descrii for the synthesis of 
17. The product (1.44g) was separated in two fractions via 
column chromatography over alumina. The first fraction (0.59g) 
eluted with CH&, gave a mixture of products after 
saponification of the ester groups. The second fraction, obtained 
after elution with CHsCI,+ 3% MeOH, yielded a crystalline 
product after saponification. The yield of 26 was 80mg (4%). 
Spectroscopic data of 2g are presented in Tables 5a and 5b. 

3,3’-Bis(hydroxymethyf)biphmyl - 20 - cmwn - 6 (21) 
A soln of 1.23 g (OX@278 mol) of 18 in 15 ml THF was added 

dropwise to a suspension of 0.528 g (0.00139 mol) LAH in I5 ml 
THF at 0”. The mixture was stirred for 24hr at room temp and 
then the excess hydride was destroyed by the addition of 1 ml 
EtOAc. Subsequently I ml water was added and stirri~ was 
continued for 16hr. The solids were filtered off and the IUtrate 
dried over M&W,. Evaporation of the THF left 1.03g (82%) of 
21 as and oil. Spectroscopic data of 21 are presented in Tabks 5a 
and 5b. 

3~‘-Bis(clJoromethyl)biphnry~-~c~w~~ (22) 
To a soln of 2.0 g (O.lXl45 mol) of 21 dissolved in 50 ml tohune, 

2.45 g (O.Cnl mol) SGCfs was added dropwise. The mixture was 
stirrcd,f 75 hr at room temp and then Xt ml water was slowly 
added. #Ie two layer8 were separated and t& organic layer was 
washed with water and d&d over M&O,. The solvent was 
evaporated and the residue was purifkd by cluonmbgraphy 
(AI&/THF). The yield of pure 22 (oil) was l.BI g (aasa). Spcc- 
troscopic data of 22 are presented in Tables 5a and 5b 

3$1-Bir(~~xy~hy~b~~~-~c~~~ (23) 
Asolnof485~(I.Ommol)ofPialOmlMeOHwasmixed 

with I5 ml 1 M NaOMe in MeOH. This mixture was stirred at 
room temp for 20 hr. The excess of mcthoxide was tbcn decom- 
posed by the addition of water and the MeGH was evaporated. 
The aqueous phase was extracted with CHCls atut after dryiug 
over MgSG, and evaporatbn 373 mg of crude 23 was obtainrd as 
an oil. Column chromatography (Al&/RtGAc) yielded 312mg 
(66%) pure 23. Spectroscopic data of 23 are presented in Tabks 
5a and 5b. 

3.3’-Dimethylbiphenyl-20.crown-6 (24) 
Asolnof345mg(0.71mmot)of22dissolvedin10mldryTHFwas 

added to a suspension of 107 mg (2.84 mmol) LAH in 10 ml THF. 
After stirring for 2Ohr at room temp the excess of hydride was 
removed byadditionof EtOAcand water. Afterfhtrationtheorganic 
layer was dried over MgSG, and evaporated to give 269 mg(%%) of 
oil (24). Spectroscopic data of 24 are presented in Table 5a. 

4,4‘-Bis(methoxymethyi) - 5,5’ - dimethylb&henyl - 20 - crown - 6 
(29 

In a similar way as described for the preparation of 23,428 mg 
(0.83 mmol) of 101 was reacted with P ml 1 M NaOMc in MeGH 
for 2Ohr at room temp. The yield of 2!J was 64% after chromato- 
graphy (A120JEtGAc). ‘H NMR (CD&): 6(CHs) 2.28 and 
3.48 ppm; S(CH&HsO) 3.55-4.30 ppm; g(CHsO) 4.49 ppm; 
S(H,) 7.01 ppm. “C NMR (CD&): S(C3 154.77 ppm; S(Cs) 
112.89 ppm, g(C,,& 127.99, 127.74 and 136.12ppm; S(cc) 
133.04ppm; S(OC!Hj) 58.M ppm; 6(CH3 7298ppm; S(CHa) 
17.74 ppm. 
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