
Terrohdron Vol 41, No 25, pi 4325-4342,1991 oo4o4020/?a $3 oo+oo 

Pmtcd m Great Bntam 0 1991 Pergamon Press p 

Syntheses of All Possible Conformational Isomers 
of 0-Alkyl-p-t-Butylcalix[4]arenes 

KOJ~ Iwamoto, KOJ~ A&i, and Setp Shmkal* 

Department of Organic Synthesis, Faculty of Engtneermg, 

Kyushu University, Fukuoka 812, Japan 

(Recewed ln Japan 26 February 1991) 

Abstract In p-t-butylcalrx[4]arene (lH4) and its mono-, di-, tri-, and 

tetra-0-alkyl dertvatives (lHR3, lHzR2, lHR3, and lR4 respectively), 23 

different homologs can extst (mcludmg 1%) We found that the OH group 

in the unmodrfred phenol unit is permeable through the caltx[4]arene 

ring Thus, several conformatronal isomers become equivalent after the 

oxygen-through-the-annulus rotation of the OH group and the number of 

the possible homologs 1s reduced to 13 (mcludmg lH4). We here report 

the syntheses of all of these possible conformatronal Isomers by using a 

protectron-deprotection method with a benzyl group and metal template 

effects The results are very useful for understanding the conformer 

dlstrrbutton in lH2R2, lHR3, and lR4, which has confused caltxarene 

chemists for a long ttme and IS stdl a matter of discusston 

Introduction 

Calix[4larenes are cyclic tetramers made up of phenol and formaldehyde It 

is known that unmodtfted caltx[4]arenes adopt a cone conformatron because of the 

stabilization by rntramolecular hydrogen-bonding rnteractions l-7 On the other 

hand, mtroductton of four bulky substttuents mto the OH groups suppresses the 

oxygen-through-the-annulus rotatton and results m conformattonal isomers 1~3~*-12 

We have found that in p-t-butylcalix[4]arene (lH4) the n-propyl group (Pr) 1s bulky 

enough to mhibrt the rotatton Basically, four different conformers can exist they 

are cone, partial cone, 1,2-alternate, and 1,3-alternate As shown m Table 1, these 

four conformers can exist rn dt-, trl-. and tetra-0-propylated stages (lH2Pr2, lHPr3, 

and lPr4, respectively) Furthermore, two different regio-isomers (distal and 

proximal) exist in the stage of lH2Pr2 The total number of possible homologs 1s 23 

(including cone-1Hq and cone-1HPrg) It thus seems to be extremely difficult to 

synthestze all possible conformers listed in Table 1 As described m this paper, 

however, we found that the OH group in unmodified phenol unit is permeable 
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Table 1. Conformatlonal Isomers possible m 1H4 and Its 0-alkylatlon derlvatlves 

calixarene 

cone 

conformation 

partial cone 1,2-alternate 1,3-alternate 

1H4 

1 HaHaHaHa 

lH3R 

distal-1 H2R2 

proximal- 

lHzR2 

lHR3 

1R4 

O& OHoH 

1 HaHaHaRa 

1 HaRaHaRa 1 HaRaHaRP 1 HaRaHPRP 1HaRPHaRP 

1 HaRaHPRa 

1 HaHaRaRa 1 H”HPRaRa 1HaHaRPRP 1 HaHPRaRP 

1 HaHaRaRP 1 HaHPRPRa 

1 HaRaRaRa 1HaRaRPRa 1HaRaRPRP 1HQRPRo’RP 

1 HaRaRaRP 
IHPRaRaRa 

0-R &gR kpRo$q 

OR OR 

1 RaRaRaRa 1 RaRaRaRP 1 RaRaRPRP 1RaRPRaRP 
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Table 2. Conformattonal isomers whrch become equivalent after the rotatron of 

the OH group 

calixarene basic conformatton equtvalent conformatton 

distal-l H2R2 1HaRaH”Ra 

1 HuRaHaRg 

= 1HuRaHgRa 

= 1HaRuHfiRP 

1HaRpHaRp 

proxtmal- 1 H2R2 1 HaHaRaRu 

1HaHpRaRb 

= 1 HaHpRaRd 

= 1HuHQRaRg 

1 HaHuRpRp 1Hp RuRaRa 

1HaHPRpRa 

lHR3 1HaRaRaRP = 1 HuRuRpRp 

1HaRaRpRd = 1HuRPRuRg 

Table 3. Basic conformatronal Isomers remammg after the rotation of the OH 

group 

cahxarene 

cone 

conformation 

parttal cone 1,2-alternate 1,3-alternate 

1H4 1 HaHaHaHa 

lH3R 1 HQHaHuRd 

distal-lH2R2 1HaRaHaRu 1 HaRaHaRg 

proxrmal-lH2R2 1 HaHaRaRu 

lHR3 1 HaR”RaRu 1 HaRaRPRa 

1HaRaRaRP 

1HaHpRuRP 

1R4 1 RaRaRaRa 1 RuRuRQRp 1 RaRuRfiRp 1RuRPRuRp 
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through the cabx[4]arene ring (even the OH group m lHPr3) This means that the 

positron of the OH group m these conformers 1s determmed as a consequence of the 

thermodynamic control As summarrzed m Table 2, several conformers thus 

become equivalent to each other after the oxygen-through-the-annulus rotation of 

the OH group In lH2Pr2, for example, distal-1,3-alternate-lH2Pr2 (lHePrfiHQPrB)* 

is equivalent to distal-cone-lH2Pr2 (1HaPraHaPra) and distal-1,2-alternate-lH2Pr2 

(1 HaPraHPPrP) is equivalent to distal-partial-cone-lH2Pr2( 1 HaPraHaPrS) In lHPr3, 

for example, 1,3-alternate- lHPr3 (1HaPrpPraPrp) is equivalent to distal-OPr- 

rnversed partial-cone-lHPr3 (1HQPraPrfiPra) and 1,2-alternate lHPr3 

(1 HaPraPrPPrB) 1s equivalent to proximal-OPr-mversed partial-cone-lHPr3 

(1 HaPraPraPrP). Thus, the number of remammg conformers IS reduced to 13 

(rncludmg cone-1Hq and cone-1HgPr. Table 3) The decrease m the number 

encouraged us to challenge the syntheses of all possible conformers This challenge 

IS of great srgmficance not only m the development of new calrx[4]arene-based 

conformers but also m the elucrdatron of reactron mechanisms by which these 

conformers are formed 13 

Results and Discussion 

Strategies for Syntheses. Through the prevrous studresto-t4 we have 

found several versatile methods useful for the syntheses of new conformers (1) 

mono-0-alkylated p-t-butylcalrx[4]arenes (lH3R) can be synthesized in toluene by 

the control of a l&/RX (alkyl halides) ratio, 14 (ii) the reaction of lH4 and RX m the 

presence of M2CO3 (M=Na or K) selectrvely yields drstal-cone-lH2R2,12~l~~le (1~) the 

reaction m the presence of CszC! 03 yrelds either lHR3 or lR4 (depending on a 

1 H4/RX ratio), the product being the mixture of partial cone, 1,2-alternate, and 1,3- 

alternate,l2*17 (IV) the reactton in the presence of Ba(OH)2 affords only cone- 

lHR3,12,18 ( ) v a benzyl group 1s useful for protection of the OH group 14 By the 

combmatron of these strategies we can now synthesize all possible conformers 

listed m Table 3. 

Mono-0-alkylation. It 1s rather difficult to stop the 0-alkylatron reaction m 

the stage of lH3R. We found that lH4 is efficiently mono-0-alkylated when lH4 is 

*To drstmgursh conformatronal isomers, cone, partial cone, 1,2-alternate, and 1,3- 

alternate have been used To dtstmgursh the substrtuent posrtton, drstal and 

proximal have been used However, these two nomenclatures are not enough to 

dtstmgmsh conformatronal isomers synthesized herem In such cases, we used a 

and p (for example, aa aa for cone and a pa b for 1,3-alternate) as used in the 

nomenclature for porphyrin atroprsomers 
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treated with alkyl halides (such as n-PrBr and BzlBr) m toluene in the presence of 

NaH In mono-0-benzylatron, for example, the yield under the optimum conditions 

1s 67%. In contrast, when polar solvents (such as DMP, acetomtrtle, etc.) were used 
instead of toluene, the product was a mixture of lHPr3, lHzPr2, and lPr4 The 
excellent selecttvtty for mono-0-alkylatton in toluene IS accounted for by two 

terms. (1) phenoxrde anions are deactrvated because of the formatron of tight ion 

pairs and (it) it is energetrcally favorable to produce monoanionic lH3- rather than 
polyantonrc lH22-, lH3-, and 14- On the other hand, when Ba(OH)2 was used 
Instead of NaH, DMP could be used as solvent for mono-0-alkylauon We consider 
that the reactivity of the phenoxrde anions 1s also suppressed through complexatton 
with Ba2+ 

t-Bu 

cone-lH, 

n-PrBrlNaH . ‘PI kJ 0 OH (1) 

toluene 

cone-l H,Pr 

Compound lHPr3 adopts a cone conformatton This IS supported by the fact that in 
1H NMR spectroscopy (CDC13, 25 OC) the ArCH2Ar methylene protons appear as two 

pairs of doublets (3 41 and 4 36 ppm for one pair and 3.43 and 4.27 ppm for 
another pair) and the difference in the chemtcal shift (A8 = 0 84-O 95 ppm) is as 

large as 0 9 ppm lg Thus split pattern 1s commensurate wrth a cone conformatron 19 
Is the conformation other than cone really tmpossrble rn lHPr3 ? To answer this 
questron we carried out the following experiment. Mono-O-propylatton of dtstal- 
cone-lH2Bzl2 by n-PrBr in DMP in the presence of Cs2CO3 gave dtstal-OPr-mversed 

partral-cone-lHPrBzl2 (lHeBzlaPrpBzla) m 65% yreld Treatment of thts compound 
with Me3SrBr m chloroform should gave parttal-cone-lH3Pr (1HaHaPrsHa). Actually, 
however, the compound we recovered rn 92% yield was cone-lH3Pr We consider 
that three OH groups rotate so that they can form hydrogen-bonds mcludmg the 

OPr group The rotatron of the OPr group cannot be ruled out, however Anyway, 
cone 1s the sole conformatton allowed for lH3Pr.20 
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it 

O& OPr’” 

cone-lH,Pr 

Di-0-alkylation. It has bean noticed by Remhoudt et al ,15 

(2) 

No et al,16 and 

us12 that the reaction of II-I4 and RX m the presence of M2C03 (M=Na or K) yields di- 

0-alkylated derivatives (distal-cone-lH2R2) The reaction stops in the dr-O- 

alkylatron stage even m the presence of excess RX For example, the reaction of lH4 

and n-PrBr m acetone m the presence of K2CO3 yielded distal-cone-lH2Pr2 m 79% 

yield 12 Srmrlarly, the reaction of lH4 and benzyl bromide (BzlBr) m acetone m the 

presence of K2CO3 yielded distal-cone-lH2Bzl2 m 98% yield 

1”4 
(3) 

DMF can be used instead of acetone 12 When Cs2CO3 was used instead of 

Na2C03 or K2CO3, on the other hand, further 0-alkylatron to lR4 took place (vrde 

post) It 1s known that phenoxrde anions having Cs+ as a countercation 1s more 

reactive than those having other alkali metal cations as countercatrons 21 This 1s 

explained by the difference m the ion-pair tightness. Thus, the difference observed 

between di-0-alkylatron in the presence of Na2C03 or K2CO3 and tetra-0-alkylatron 

m the presence of Cs2CO3 is also explained by the higher reactrvrty of lHR2-Cs+ and 

lR3Cs+ due to the formatron of the loose ion pairs 

Tri-0-alkylation. The typical base used for 0-alkylauon of lH4 is NaH *- 11 

We followed the progress of the reaction of 1IQ and n-PrBr in THF-DMF in the 

presence of NaH by an HPLC method We found that lH2Pq 1s accumulated to some 

extent as an mtermedrate whereas lHPr3 1s detected only as a weak transient peak 

This rmplres that the reaction from lHPr3 to lPr4 1s faster than that from lH2Pr2 to 

1 HPr3 Accordmg to an X-ray crystallographic study about distal-cone-lH2Me2,22 

the two amsole moretres are more or less parallel to each other with the methoxy 

groups pomtrng outwards while the two phenol units are flattened with the OH 

groups pomtmg mwards On the other hand, the phenol unit m cone-lHMe3 1s not 

so flattened as those in distal-cone-lH2Me2 22 Thus, the OH groups m drstal-cone- 
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1 H2Me 2 are more burled in the callx[4]arene 

active toward alkylation reagents. 

1H‘i 

Oh OPr OPr 

/ cone-lHPr, 

6Pr 

fast 

fast 

cavity and therefore become less 
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O& OPr OPr 

cone-l Pr, 

OPr 

MPr 
OPr 

(4) 

parttal-cone-lHPr, partial-cone-lPr, 

The above finding suggests that the synthesis of 1HR3 by the reaction of lH4 

and RX m the presence of NaH IS rather difficult Gutsche et al 23 reported that 

lHMe3 IS selectively formed by 0-methylafion of lH4 m the presence of Ba(OH)2 

We applied this method to the synthesis of conformatlonally-lmmoblle lHPr3 

Unexpectedly, we found that the product contains only cone-1HPq 12117 After 1 h 

at 30 OC lH4 was converted to cone-1HPq m 100% yield (determmed by HPLC 

isolated yield 63%) When heated for 70 h at 70 OC, we detected cone-1Pr4 m 6% 

yield (determined by HPLC) The novel cone-selectlvlty and lHPq-selectlvlty are 

both rationalized in terms of strong Ba2+-phenoxlde mteractions To form a 

complex between lPr$- and Ba 2+ the cone conformation is most favorable because 

four oxygens can interact with Ba2+ Furthermore, the Ba2+-phenoxide lnteractlon 

is stronger than the Na+-phenoxlde interaction Thus, the reaction occurs with 

cone-shaped lPr$- to give cone-lHPr3 in 100% selectlvlty Further 0-propylatlon 

of cone-1Pr3- IS suppressed because of strong coo&nation of the remaining 

phenoxlde anion to Ba2+ 

0 Ba2+ 
.’ * I -. 

“0 ; ‘. 

n-PrBr _ O&$” ,“;I;“’ _ cone_,Pr4 
(5) 

distal-cone-i Pr,2 - distal-cone-lPr, 
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We also followed the reaction of ~I-IJ and n-PrBr m acetone m the presence of 

Cs2CO3 by HPLC. We observed a new lHPr3 peak other than cone-lHPr3 Under the 

opttmum reaction conditrons and reaction time the yield reached 59% We isolated 

this compound by a TLC method This compound was assigned to be distal-OPr- 

tnversed partial-cone-lHPr3 (1HePrePrgPrQ) by 1H NMR spectroscopy.17 As 

described above, Cs+ ton forms loose ion patrs with phenoxtde anions. Therefore, rt 

would not exert a strong metal template effect (as Ba2+ in Eq. 5) to mamtam lR22- 

in a cone conformation. This suggests that in the presence of Cs2CO3 1Prz2- (or 

lHPr2-) exists under an equthbrmm between cone and partial cone and the reactton 

wrth partial-cone- lR22- results in distal-OPr-tnversed partial-cone-lHPr3 

( 1 HeProPrgPre). 

n-PrBr 

cone-l HPr, 

n-PrBr 

(6) 

6Pr 

1 HaPraPrpPrU 

The 1H NMR spectra of cone-lHPr3 and dtstal-OPr-mversed partial-cone- 

lHPr3 (1HePrePrgPre) were scarcely changed at O-60 cC After heating these 

conformers m refluxmg THF for 6 h, the products were analyzed by HPLC We 

confirmed that neither cone-lHPr3 nor distal-OPr-tnversed partial-cone-lHPr3 

( 1 HaPrePrPPre) tsomerrzes These fmdmgs indicate that the rotation of the PrO 

group 1s stertcally mhtbtted while the rotation of the OH group 1s allowed When 

cone-lHPr3 was treated wrth n-PrBr m the presence of NaH, only cone-1Prq was 

recovered in 100% yield When distal-OPr-mversed partial-cone-lHPr3 

(1HaPraPrpPra) was treated with n-PrBr m the presence of NaH, we recovered 93% 

of partial-cone-lPr4 and 7% of 1,3-alternate-1Prq These results establish that 

when NaH was used as base, the conformer dtstrrbutron 1s almost determined in the 

third 0-propylatton step The formation of 1,3-alternate-1Prq 1s accounted for by 

the rotation of the last OH group m 1HcPrcPrfiPre upon 0-propylatton In contrast, 

when cone-lHPr3 was treated with n-PrBr in the presence of Cs2CO3, the product 

was partial-cone-1Prq (100% yield) When distal-OPr-mversed partial-cone-lHPr3 
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(1HQPrePrgPre) was treated wtth n-PrBr in the presence of Cs2CO3, the product was 

a mixture of partial-cone-lPr4 (13%) and 1,3-alternate-lPr4 (87%) This indicates 

that the OH group in the unmodified phenol unit is permeable through the 

calrx[4]arene annulus even in the stage of lHPr3. In other words, the observanon 

that in 0-propylatron with NaH the conformation 1s apparently rmmobrlized in the 

stage of lHPr3 is due to the strong metal template effect of Na+ keeping the OH 

group m its ortgmal positron through the Na+-phenoxrde interaction 

Tetra-0-alkylation. We prevrously reported that tetra-0-propylatron of 

1 H4 with n-PrBr m the presence of NaH yields cone-lPr4 and partial-cone-lPr4 

approximately in a 1 1 ratio lo As described above, the precursors of cone-lPr4 

and partial-cone-lPr4 are cone-lHPr3 and distal-OPr-inversed partial-cone- 

lHPr3( 1 HaPraPrl)Pra), respectively 

In contract, when lH4 was tetra-0-alkylated with n-PrBr in DMF in the 

presence of Cs2CO3, the product was a mixture of partial-cone-lPr4 (34%), 1,2- 

alternate-1Pr4 (9%), and 1,3-alternate-lPr4 (57%) 12 Clearly, mversion of phenol 

units occurs easily because of the formatron of loose Cs+-phenoxrde ion-pairs 

OPr 

Gi!dpr 
bPr 

OPr 

dPr 
bPr 1 

OPr 

lb n-PrBr _ partlabcone-l Pr, 1,2-alternate-1Pr4 

CS~CO~ 

OPr 

6% 
OPr OPr 

1,3-alternate-l Pr, 

(7) 

Syntheses Using a Protection-Deprotection Method. In Table 3, there 

exist four conformers which have not yet been synthesized. They are drstal- 

partial-cone-lH2Pr2 (lHePreHaPrP), proximal-cone-lH2Pr2 (lHoHoPraPra), 

proxrmal-1,3-alternate-lH2Pr2 (1HaHBPraPrS) or proximal-partral-cone-lH2Pr2 

(lHoHePraPrg), and proximal-OPr-inversed partial-cone-lHPr3 (1HQPrePrePrP) 

Since the syntheses of these conformers in one step were difficult, we developed a 

new method using a benzyl group as a protecting group. 

Proxrmal-OPr-rnversed partial-cone-lHPr3 (1HePreProPrp) was synthesized 

from cone-1HgBzl via OPr-rnversed partial-cone-lPrgBz1 (1PrQPrePrPBzle). The 

reaction of cone-1HgBzl wrth n-PrBr in THF-DMP in the presence of NaH gave OPr- 
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mversed partial-cone- lPr3Bzl (1PrePraPrpB zla) The exammatron wrth IH NMR 

spectroscopy established that the propyl group proximal to the benzyl group is 

mversed (see Experimental) Conceivably, the first propyl group 1s introduced to 

the posrtron distal to the benzyl group and grves distal-cone-lH2Pr B z 1 

(1HePreHeBzla) Further 0-propylatton 1s similar to dr-0-propylatton of drstal- 

cone-lH2Bzl2 (IHaBzlaHeBzla) m the presence of NaH which finally yields OPr- 

mversed partial-cone-lPr2Bz12 (1PruBzlePrPBzle: vrde post) Debenzylatron of 

1PrePrePrpBzle with MegSrBr results in proximal-OPr-mversed partial-cone-lHPr3 

(1HaPrQPrePrp) in 69% yield. 

n-PrBr _ 
NaH 

cone-l H,Bzl 1 HaPraH”Bzla 

OPr 

OWPr Me,SIBr 

OPr 
3” I OPr 

OPr 

1 PraPrUPrPBzlU 

OPr 

1 HaPrQPraPre 

Among three remammg lHZPr2, distal-partial-cone-lHzPr2 (1HaPraHePrP) 

was synthesized from distal-cone-lH2Bzl2 via OPr- mversed partial-cone-lPr2Bz12 

(1PraBzlaPr~Bzlu) The reactron of distal-cone-lH2Bz12 with n-PrBr in THF-DMF m 

the presence of NaH afforded OPr-mversed partial-cone-1PrZBylz (1PrQBzlePrPBzla) 

in 67% yield As described above, tetra-0-alkylatton of lH4 in the presence of NaH 

results in cone-1Rq and partial-cone-1Rq approximately m a 1 1 ratto We found 

that in dr-0-propylatron of distal-cone-lH2Bzl2 (1HeBzleHaBzle) dtstal-cone- 

lPqBzl2 (1PPBzluPruBzle) is also yielded m addition to OPr-mversed partlal-cone- 

lPr2Bzl2 (1PPBzlePrPBzle) We thus isolated 1PraBzlaPrPBzla by a preparative TLC 

method. Debenzylation of this compound with MegStBr yielded dtstal-partral-cone- 

1 HzPr2 (1HaPraHePrp) m 90% yield. 

Proxrmal-cone-lH2Pr2 (1HeHaPraPra) was synthesized from cone-lH2Bzl via 

cone-lHPr2Bzl (1HaPraPraBzla) The reaction of cone-lH3Bzl with n-PrBr in the 

presence of Ba(OH)2 (specific metal for the synthesis of cone-lHR3) gave cone- 

lHPr2Bzl (1HaPruPraBzlQ) in 67% yield Debenzylatron of this compound with 

Me$Xl yielded proximal-cone-lHzPr2 (1HaHePraPra) in 78% yield We here used 
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MegSiCl instead of Me&Br because Me$lrBr cleaved not only the benzyl group but 

also the propyl groups Me3SrCl selectively cleaved the benzyl group and gave 

proxtmal-cone-lH2Pr2 (1HaHaPraPre) in a good yield 

The syntheses of proxtmal-1,3-alternate-lH2Pr2 (1HaHgPraPrg) 1s more 

complicated We first considered the synthesis of proximal-partial-cone-lH2Pr2 

( 1 HaHaPraPrg) which becomes equtvalent to proximal-1,3-alternate-lHzPr2 

( 1HaHpPraPrg) after the rotation of one OH group. Di-0-propylation of cone-1HgBzl 

m the presence of Cs2CO3 afforded OPr-mversed partial-cone-lHPr2Bzl m 79% yteld 

However, there are two posstble stereomers m OPr-mversed partral-cone-1HPrzBzl 

they are lHaPraPrgBzla and 1HaPrpPraBzla These two compounds cannot be 

drstmgutshed by 1H NMR spectroscopy As mentioned above about the synthesis of 

proxtmal-OPr-rnversed partial-cone-lHPr3 (1HaPraPraPrp). the first propyl group 

should be introduced into the posttton dtstal to the benzyl group to give distal- 

cone-l HZPrBzl (1HaPraHaBzla) Thus, the inversion of the phenol unit occurs when 

the second propyl group enters This allows a presumptton that the isolated 

compound would be IHaPraPrgBzla that is, the propyl group proximal to the benzyl 

group is mversed Debenzylatron of this compound should gave proximal-partral- 

cone- 1 H2Pr2 (1HaHaPraPrg) (another stereomer 1HaPrPPraBzla also grves 

1 HQHaPraPra after debenzylatron) However, the 1H NMR spectrum (CDC13, 25 cc) 

Indicated that this compound adopts a proximal-l ,3-alternate conformation 

(1 HaH PPraPrP) that ts, one OH group in proximal-parttal-cone-lHzPr2 

( 1 HaHQPraPrp) rotates to thermodynamically more stable proxtmal-1,3-alternate- 

1 H2Pr2 ( IHQHgPraPrg) 

On the Favorable Conformations after the Oxygen-through-the- 

annulus Rotation of the OH Group. We have synthesized four different isomers 

of lH2Pr2 and three dtfferent isomers of lHPr3 listed m Table 2 The 1H NMR 

spectra of these compounds were scarcely changed by heating at 60 OC for 1 h m 

THF One can thus consider that these are stable conformattonal isomers This 

fmdmg leads to two important conclusions Firstly, we prevtously found that the 

oxygen-through-the-annulus rotation m lR4 IS mhrbtted by R greater than ethyl m 

other words, propyl is the smallest group to mhtbrt the rotation 1ov17 The present 

fmdmg mdrcates that this is also the case m lH2R2 and lHR3 Secondly, the rotation 

of the OH group is allowed Thts means that m Table 2. 6 conformers listed m the 

left column are thermodynamically more stable than 9 conformers listed in the 

right column Recent theoretical calculations by Remhoudt et al 22 predict that 

calrx[4]arene derivatrves adopt a conformatton so that the intramolecular 

hydrogen-bonds can be formed most efftctently. In Table 2, for example, the OH 

groups m distal-cone-lH2R2 (lHaRaHaRa) can form the intramolecular hydrogen- 

bonds with the proximal OR groups more efficiently than those m OH- mversed 

distal-partial-cone-lHZR2 (lHaRaHpRa) and distal-1,3-alternate-lH2R2 (1HaRflHaRp) 
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Stmtlarly, the superiority of the favorable conformations in the left column to other 

unfavorable conformations tn the right column IS mostly explamed on the same 
basis Compound 1HaHgPruPrS is exceptional, however. Obvtously, 1HoHuPrePrp 

which can be readily denved by the rotation of one OH group should form the 
intramolecular hydrogen-bonds more efficiently than lHaHf+PrQPrfl. In 1H NMR 
(CDC13, 25 OC) the ArCH2Ar protons of this compound appeared as four separate 
peaks at 3.73 (doublet), 3.77 (singlet), 3.91 (doublet), and 3 98 (singlet) ppm It 1s 

known that Hex0 and Hendo wtth the chemical shift dtfference of ca 0 9 ppm result 
when two neighboring phenol units employ a syn conformatron whereas the 

chemical shift difference between these two protons IS relatively small when two 

neighboring phenol units employ an anti conformatron.l-3 Thus, the above sphttmg 

pattern (without Hex0 and Hendo) is consistent only with a 1,3-alternate 
conformation (i.e., 1HaHBPraPrfi) Then, 1s this conformation stabilized without any 
mtramolecular hydrogen-bonding mteractions 3 We previously found that the 60 H 
m 1H NMR (CDC13, 25 OC) shifts to lower magnetic field and the VOH m IR (nuJo1) 

shifts to lower frequency when the strong mtramolecular hydrogen-bond 1s formed 
for example, 60~=10.34 ppm for lI& 9 54 and 10.13 ppm for lH3Me, 7.19 ppm for 

distal-lHxMe2, and 6.20 ppm for lHMe3, v0~=3170 cm-l for H-L+, 3150 and 3280 
cm-l for lH3Me, 3450 cm-l for distal-lHZMe2, and 3470 cm-l for lHMe3 7 The 801.1 

and VOH for 1HoHgPruPrfi appeared at 7.99 (singlet) ppm and 3380 cm-l, 

respectively This suggests that the OH groups m 1HuHgPraPrp form “relatively” 

strong mtramolecular hydrogen-bonds We consider that the OH groups form the 

mtramolecular hydrogen-bonds with the distal OPr groups through which thts 

conformation 1s stabtltzed 
More interesting 1s the tH NMR spectrum of distal-partial-cone-lHzPr2 

(1HuPraHaPrp. CDC13, 25 OC) The ArCHZAr protons appear as a pair of doublets at 
3 74 and 3 96 ppm and the difference in the chemical shafts (As=0 22 ppm) 1s 

relatively small According to Gutsche,t-3 the A6 becomes smaller when the phenol 

unit 1s flattened. Hence, the spectrum suggests the idea that two unalkylated 

phenol units are flattened, probably, to form mtramolecular hydrogen bonds (as in 

Figure 1) In Figure 1, the four methylene groups are all equivalent and result in a 

pair of doublets 
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Figure 1. Flattened conformatton proposed for 1HQPraHQPrg 

Conclusions. We here demonstrated that a number of conformational 

isomers can be denved from 1IQ. The results consistently indicate that metal 

cattons used as base play a crucial role m determmmg the conformer drstrrbutton. 

We believe that the present results are very useful for the selectrve syntheses of 

desired conformers in high yields. 

Materials 
Experimental 

25-Propoxy-26,27,28-trihydroxy-p-t-butylcalix[4]arene (cone- 

lH3Pr). Compound lH,t (1.0 g, 1.35 mmol) and n-PrBr (0.17 ml, 1 85 mmol) were 
dissolved m DMF (20 ml), and the solutton was surred at room temperature for 21 

h in the presence of Ba(OH)2 8H2O (486 mg, 1 54 m mol) and BaO (236 mg, 1 54 
mmol) The reaction mtxture was diluted with water and extracted with 
chloroform The chloroform layer was separated and drred over MgS04. After 
filtration, the filtrate was concentrated to dryness. The residue was recrystallized 
from chloroform-methanol white powder, mp 238-239 nC, yreld 78%: IR (nqol) VOH 

3180 and 3300 cm-l, lH NMR (CDC13,25 cc) 6 1 18, 1 20, and 1 21 (t-Bu, s each, 9H, 

lSH, and 9H, respecttvely), 1 24 (CH3, t, 3H), 2 13-2 22 (CHz(CHs), m, 2H), 3 41, 3 43, 

4 27, and 4 36 (ArCHzAr, d each, 2H each), 4 10 (CH20, t, 2H), 6 99. 7 04, 7 06, and 

7 09 (ArH, d, s, d, and s, respecttvely, 2H each) 9 57 and 10 15 (OH, s each, 1H and 

2H, respectively) Anal. Calcd for C47H6204 CH30H. C, 79 74, H, 9 20% Found C, 

80 02, H, 9 34%. 
25-Benzyloxy-26,27,28-trihydroxy-p-t-butylcalix[4]arene (cone- 

lH3Bzl). Compound lH4 (10 g, 13.5 mmol) and BzlBr (3 78 ml, 30.8 mmol) were 
dtssolved m toluene (400 ml), and the solutton was heated m the presence of NaH 
(1 23 g, 30.8 mmol) at 70 OC for 4 h. Excess NaH was decomposed wtth methanol 

The solutron was concentrated tn vacua. The residue was mtxed with water- 

chloroform, the organtc layer bemg separated and dned over MgS04 The solutton 

was concentrated, the restdue being recrystalltzed from chloroform-methanol mp 
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219-220 cc, yield 67%, IR (nqol) VOH 3320 cm -1, 1H NMR (CDC13, 25 “C) 8 1.20 and 

1 21 (t-Bu, s each, 18H each), 3.39, 3 40, 4 21, and 4 34 (ArCHzAr, d each, 2H each), 
5 17 (ArCH20, s, 2H), 6 96, 7 02, 7 04, and 7.11 (ArH, d, s, d, and s, respectrvely, 2H 
each), 7 42-7 53 and 7 70-7 74 (ArH m Bzl, m each, 3H and 2H, respectively), 9.37 

and 9 99 (OH, s each, 2H and lH, respecuvely) Anal Calcd for C51H6204 0 25CH30H 
C, 82 40, H, 8.50%. Found. C, 82 42; H, 8 3 1%. 

25,27-Dipropoxy-26,28-dihydroxy-p-t-butylcaiix[4]arene (distal- 

cone-lH2Prz; 1HePrQHcPra). Thus compound was synthesized from lH4 and n- 

PrBr m DMF in the presence of K2CO3. mp 247-249 OC, yield 79%. The details of the 
method and the analytical data were described previously 17 

25,27-Dibenzyloxy-26,28-dihydroxy-p-t-butylcalix[4]arene (distal- 

cone-lHzBzl2: 1HoBzlaHoBzlo). Compound lH4 (1 0 g, 1 35 mmol) and BzlBr 

(0 74 ml, 6 16 mmol) were drssolved m acetone (25 ml), and the solution was 

refluxed for 3 hr in the preference on K2C 03 (2 13 g, 15 4 mmol) The reaction 
mixture was diluted with water and extracted with chloroform. The chloroform 

layer was separated and dried over MgS04 After frltratron, the filtrate was 

concentrated to dryness The residue was recrystallrzed from chloroform-methanol 
mp 194-195 W, yield 98%, IR (nujol) VOH 3400 cm -1, 1H NMR (CDC13, 25 “C) 6 0 94 

and 1 28 (t-Bu, s each, 18H each), 3 26 and 4 28 (ArCHzAr, d each, 4H each), 5 04 

(ArCH20, s, 4H), 6.78 and 7 04 (ArH, s each, 4H each), 7 27 (OH, s, 2H), 7 34-7 36 and 
7 62-7 65 (ArH m Bzl, m each, 3H and 2H, respectively) Anal Calcd for C58H6804 

C, 84 02, H, 8 27% Found, C, 83.64; H, 8 05% 
25,26,27,28-Tetrapropoxy-p-t-butylcalix[4]arene(cone- and 

partial-cone-1Pr4). Cone-lPr4 and partial-cone-lPr4 were synthesized from lH4 

and n-PrBr m THF-DMF m the presence of NaH These two isomers were isolated by 

a TLC method cone-lPr4, mp 246-247 OC, yteld 38%; partral-cone-lPr4, mp 283- 

284 OC, yield 41% The details of the method and the analytical data were described 

previously.17 
25,26,27,28-Tetrapropoxy-p-t-butylcalix[4]arene(l,Z- and 1,3- 

alternate-1Prq). Compound lH4 (500 mg, 0 77 mmol) and n-PrBr (3 79 g. 30 8 

mmol) were drssolved m DMF (20 ml), and the solutron was heated in the presence 
of CszCO3 (10 g, 30 8 mmol) at 70 OC for 3 h The HPLC analysis Indicated that the 

product 1s a mixture of 34% partial-cone-lPr4, 9% 1,2-alternate-lPr4, and 57% 1,3- 

alternate-lPr4 From these three conformers 1,2-alternate-lPr4 and 1,3-alternate- 

lPr4 were isolated by a TLC method (srlrca gel, chloroform-hexane (1 4 v/v) 1,3- 
alternate-lPr4, Rf 0 38, mp 339-341 OC, isolated yield 49%, lH NMR (CDC13, 25 OC) 6 

0 61 (CH3. t, 12H), 0 94-l 03 (CHz(CH3), m, SH), 1 26 (t-Bu. s, 36H), 3 30 (CH20, t, 8H), 
3 80 (ArCHZAr, s, SH), 6.95 (ArH. s, 8H). Anal. Calcd for (C~H200)4 C, 82 30. H, 
9 87% Found C, 82 12, H, 9 97% The analytical data for 1,2-alternate-lPr4 (mp 
279-280 W, isolated yield 6%) were described prevrously l7 
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25,26,27-Tripropoxy-28-hydroxy-p-t-butylcalix[4]arene (cone- 
lHPr3 and distal-OPr-inversed partial-cone-lHPr3: 1HaPraPrbPra). Cone- 

lHPr3 was synthesized from 1IQ and n-PrBr in DMF in the presence of Ba(OH)2 

8H2O and BaO: mp 194-196 cc, yield 63% Distal-OPr-mversed parual-cone-lHPr3 
was synthesized from 1Hq and n-PrBr in acetone in the presence of Cs2CO3 mp 169- 
171 OC, yield 48%. The details of the methods and the analytical data were 

described elsewhere.17 
25,26,27-Tripropoxy-28-hydroxy-p-t-butylcalix[4]arene (proximal- 

OPr-inversed partial-cone-lHPr3: 1HaPraPraPrB). Thts compound was 

synthestzed by trt-0-propylatton of cone-1HjBzl m the presence of NaH followed by 

deprotectron of the benzyl group with MegStBr Cone-1HgBzl (1 00 g, 1 35 mmol) 

was treated with oil-dispersed NaH (0.65 g, 16.2 mmol) m THF-DMF (2 ml) and then 

n-PrI (7 88 ml, 81 mmol) was added The reaction mixture was refluxed for 2 h. 

Excess NaH was decomposed with methanol. The mixture was dtluted with water 

and extracted wtth chloroform. The chloroform layer was separated and dried over 

MgS04. After filtration, the filtrate was concentrated to dryness Recrystalltzatton 

of the residue from chloroform and methanol yielded 1PraPraPrpBzla white 

powder, mp 221-222 cc, yteld 69%, IH NMR (CDC13, 25 OC) 8 0.50, 0 82, and 0 97 

(CH3, t each, 3H each), 103, 105, 1 21, and 1 34 (t-Bu, s each, 9H each), 1 30-1.38, 

1 68-l 77, and 177-l 86 (CHz(CH3). m each, 2H each), 3 02, 3.40, 3 46, 3 63, 3 71, 

4 07, and 4 11 (ArCHzAr, d each, 2H, lH, lH, lH, lH, lH, and lH, respecttvely), 3 34- 

3 48 and 3 60-3 74 (CH20, m each, 3H each), 4 60 and 4.74 (ArCH20, d each, 1H 

each), 6 58, 6 61, 6.84, 6 90, 7.05, 7 08, and 7 15 (ArH, d, d. d, d, d, s, and d, 

respectively, lH, lH, lH, lH, lH, 2H, and lH, respecttvely), 7 32-7 39 and 7.44-7 48 

(ArH m Bzl, m each, 3H and 2H. respectively) Anal. Calcd for C6uH8004 C, 83 29, H, 

9 32% Found C, 83.10, H, 9 17% Compound 1PPPraPraBzlP (0 50 g, 0 58 mmol) 

was dtssolved m chloroform (20 ml), and Me3StBr (0.089 g, 0 58 mmol) was added 

dropwtse The reactton mixture was refluxed for 2 h The reaction mixture was 

dtluted with water and extracted with chloroform The chloroform layer was 

separated and dried over MgS04 After filtration, the filtrate was concentrated to 

dryness Recrystalltzatron of the residue from chloroform-methanol yielded 

1HePraPraPrfi. white powder, mp 122-124 OC, yield 69%. IR (nqol) VOH 3340 cm-l. 

1H NMR (CDC13, 25 cc) 8 0 48, 0 50, and 0 61 (CH3, t each, 3H each), 0 60-O 73 and 

0 90-l 20 (CHz(CHs), m each, 2H and 4H, respectively), 1 27 and 1 32 (t-Bu, s each 

27H and 9H, respectively), 3 15, 3 42, 3 87, 3 93, 3 94, 3 96, and 4 18 (ArCHzAr, d, d, 

d, d, s, d, and d, respecuvely, lH, lH, lH, lH, 2H, lH, and lH, respectively), 6 51 (OH, 

s, lH), 6 99. 7.04, 7 05, 7 06, 7 07, and 7.10 (ArH, d, d, d. s, d, and d, respectrvely. 

2H, lH, lH, 2H, lH, and lH, respectrvely). Anal. Calcd for C53H7404 C, 82 12, H, 

9 62% Found C, 8194; H, 9.48% 



K IWAMOTO et al 

25,26-Dipropoxy-27,28-dihydroxy-p-t-butylcalix[4]arene 
(proximal-cone-lHzPr2: 1HaHaPraPra). Thts compound was synthesized by di- 
0-propylauon of cone-1HgBzl m the presence of Ba(OH)2 8H2O and BaO followed by 
deprotection of the benzyl group with Me3SiCl because Me3 SrBr cleaved 
nonselectively not only the benzyl group but also the propyl group. Me3SiCl 

selectively cleaved only the benzyl group Cone-1HgBzl (1 0 g, 1.35 mmol) and n- 

PrBr (1.00 ml, 10 83 mmol) were drssolved in DMF (50 ml), and the solution was 

stirred at 60 eC for 23 h in the presence of Ba(OH)2 8H20 (1.76 g, 5.42 mmol) and 
BaO (0.832 g, 5.42 mmol) The reactton mixture was diluted with water and 
extracted with chloroform The chloroform layer was separated and dried over 

MgS04 After filtration, the filtrate was concentrated to dryness. Recrystallization 
of the residue from chloroform-methanol yielded 25,26-dipropoxy-27-benzyloxy- 
28-hydroxy-p-t-butylcalrx[4]arene (cone-lHPr2Bzl: 1HePrePraBzle) mp 192-194 
OC, yield 71.3% IR (nqol) v01-1 3550 cm- I, IH NMR (CDC13, 25 “C) 8 0 59 and 107 

(CH3, t each, 3H each), 0 82, 0 83, 1 33, and 1.34 (t-Bu, s each, 9H each), 1 81-2 09 

(CHz(CH3), m, 4H), 3 11, 3 14, 3.24, 4 29, 4 32, 4.34, and 4 44 (ArCHzAr, d each, lH, 

lH, 2H, lH, lH, lH, and lH, respectively), 3.66-3 77 (CH20, m, 4H), 4 73 and 4 88 

(ArCH20, d each, 1H each), 5.51 (OH, s, lH), 6.51, 7 05-7 07, and 7 13 (ArH, s, m, and 

s, respectively, 4H, 2H, and 2H, respectively), Anal Calcd for C57H7404 C, 83 17, H, 
9 06% Found: C, 83 23, H, 9 04%. Treatment of 1HaPraPraBzle with Meg SrCl m 
chloroform, as described above, yielded proximal-cone-lH2Pr2 (1HeHQPraPre): mp 
119-121 OC, yield 78%; IR (nulol) v01.1 3170 and 3340 cm-t, IH NMR (CDCl3.25 cc) 6 

1 10 and 1 20 (t-Bu. s each, 18H each), 1 12 (CH3, t, 6H), 2 04-2 13 (CHz(CHs), m, 4H), 
3 32, 3 33, 3 34, 4 29, 4.32, and 4 49 (ArCHzAr, d each, lH, lH, 2H, lH, 2H, and lH, 

respectively), 3.82-3 90 and 4 00-4 08 (CH20, m each, 2H each), 6 90, 6 96, 6.97, and 

7 00 (ArH, d each, 2H each), 8 85 (OH, s, 2H). Anal Calcd for C5uH6804 CH30H. C, 

80 06; H, 9 48% Found C, 80 02, H, 9.43% 
25,27-Dipropoxy-26,28-dihydroxy-p-t-butylcaIix[4]arene (distal- 

partial-cone-lH2Prz: 1HePreHePrP). This compound was synthesized by dr-O- 

propylatton of distal-cone-lH2Bzl2 m the presence of NaH followed by deprotectton 

of the benzyl groups with MejStBr The method 1s basically similar to that 

described for proxrmal-OPr-mversed partial-cone-lHPr3 (1HePrePrePrg) OPr- 

Inversed partial-cone-lPrzBzl2 (1PreBzlePrgBzle) mp 228-230 W, yield 678, 1H 
NMR (CDC13, 25 OC) 8 0 33 and 0 85 (CH3, t each, 3H each), 104, 1 05, and 1 34 (t-Bu, 

s each, 9H. 18H, and 9H, respectively), 1 15-1 25 and 172-l 82 (CHz(CH3), m each, 

2H each), 2 99, 3 63, 3 68, and 4 08 (ArCHzAr, d each, 2H each), 3 26-3 31 and 3 45- 
3 49 (CH20, m each, 2H each), 4 57 and 4 71 (ArCH20, d each, 2H each), 6 78, 6.88, 
7 00, and 7 08 (ArH, d, d, s, and s, respectively, 2H each), 7 30-7 44 (ArH in Bzl, m, 

10H) Anal Calcd for C64Hgu04 0.5CH3OH. C, 83.36, H, 8 89% Found C, 83 56, H, 

8 63% Distal-partial-cone-lHzPr2 (1HePraHePrP) mp 286-287 OC, yield 90%. IR 
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(nuJo1) VOH 3310 cm-l, 1H NMR (CDC13.25 OC) 6 0.29 (CH3, t, 6H), 1.03-l 12 (C!Hz(CH3), 

m, 4H), 1 29 and 1 30 (t-Bu, s each, 18H each), 3.51 (CH20. t, 4H), 3 74 and 3.96 

(ArCHzAr, d each, 4H each), 7.05 (OH, s, 2H), 7.06 and 7.15 (ArH, s each, 4H each) 

Anal Calcd for C5oH6804 OSCH30H. C, 80.97; H, 9.42%. Found: C, 80 99; H, 9 13% 

25,26-Dipropoxy-27,28-dihydroxy-p-t-butylcalix[4]arene 
(proximal-1,3-alternate-lHzPr2; 1HaH BPraPrP). This compound was 

synthestzed by dt-0-propylatron of cone-1HgBzl m the presence of Cs2CO3 followed 

by deprotectton of the benzyl group with MegSiBr Recrystallrzatton of the residue 

from chloroform-methanol yielded distal-OPr-tnversed partial-cone-lHPr2B zl 

(1HQPraPrgBzlo). mp 104-105 OC, yield 49%. IR (nuJo1) VOH 3320 cm-l, 1H NMR 

(CDC13, 25 oC) 8 -035 and 1.02 (CH3, t each, 3H each), 0.71-0.80 and 181-l 94 

(CHz(CHs), m each, 2H each), 1.07, 1 15, 1.18, and 125 (t-Bu, s each, 9H each), 161- 

1 71, 1 72-l 80, 3 54-3 61, and 3 96-4.01 (CH20, m each, 1H each), 3.12, 3 32, 3 83, 

3 84, 3 89, 3 90, 4.04, and 4 27 (ArCHzAr, d each, 1H each), 4 70 and 5.06 (ArCH20, 

d each, 1H each), 6 98, 7 00, 7.03, 7 04, 7 05, and 7.11 (ArH, d each, 2H, 2H, lH, lH, 

lH, and lH, respectively), 7 23-7.30 and 7 47-7 49 (ArH m Bzl, m each, 3H and 2H, 

respectively). 7 31 (OH, s, 1H) Anal Calcd for C57H7404 0 SCH30H. C, 82 29; H, 

9 13% Found C, 82 34, H, 8 90% Treatment of 1HaPraPrfiBzla with Me3StBr m 

chloroform yielded proximal-1,3-alternate-lH2Pr2 (1HaHpPraPrP) mp 203-204 W, 

yteld 95%, IR (nuJo1) VOH 3380 cm- l, 1H NMR (CDCl3, 25 “C) 8 0 14 (CH3, t, 6H). 0 80- 

0 91 and 0.91-l 10 (CHz(CH3), m each, 2H each), 1 21 and 1 30 (t-Bu, s each, 18H 

each), 2 84-2 92 and 3.06-3.14 (CH20, m each, 2H each), 3 73, 3 77, 3 91, and 3 98 

(ArCHzAr, d, s, d, and s, respecttvely, 2H each), 6 97, 7 04, 7 06, and 7 22 (ArH, d 

each, 2H each), 7 99 (OH. s, 2H) Anal. Calcd for C5oH6804 CH30H: C, 80 06, H, 9 48% 

Found C, 79 82, H, 9 12% 

Miscellaneous 
In 0-alkylatton of lI& the progress of the reaction was followed by an HPLC 

method column, Zorbax-ODS 46 x 250 mm, mobile phase, methanol chloroform = 

4 1 v/v. For the TLC separatron, stltca gel and chloroform-hexane (1 4 v/v) were 

used unless otherwise stated lH NMR spectra were measured with a JEOL GX-400 

NMR apparatus 
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