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Abstract In p-t-butylcalix[4]arene (1H4) and 1ts mono-, di-, tr1-, and
tetra-O-alkyl derivatives (1HR3, 1HzR2, 1HR3, and 1R4 respectively), 23
different homologs can exist (including 1H4) We found that the OH group
mn the unmodified phenol unit 1s permeable through the calix[4]arene
rnng Thus, several conformational 1somers become equivalent after the
oxygen-through-the-annulus rotation of the OH group and the number of
the possible homologs 1s reduced to 13 (including 1Hg). We here report
the syntheses of all of these possible conformational isomers by using a
protection-deprotection method with a benzyl group and metal template
effects The results are very useful for understanding the conformer
distribution 1n 1HzR2, 1HR3, and 1R4, which has confused calixarene
chemists for a long time and 1s still a matter of discussion

Introduction

Calix[4]arenes are cyclic tetramers made up of phenol and formaldehyde It
15 known that unmodified calix[4]arenes adopt a cone conformation because of the
stabilization by intramolecular hydrogen-bonding interactions 1-7 On the other
hand, introduction of four bulky substituents into the OH groups suppresses the
oxygen-through-the-annulus rotation and results 1n conformational 1somers 13,8-12
We have found that in p-t-butylcalix[4]arene (1H4) the n-propyl group (Pr) i1s bulky
enough to inhibit the rotation  Basically, four different conformers can exist they
are cone, partial cone, 1,2-alternate, and 1,3-alternate  As shown n Table 1, these
four conformers can exist in di-, tri-, and tetra-O-propylated stages (1H2Prz, 1HPr3,
and 1Pr4, respectively) Furthermore, two different reglo-isomers (distal and
proximal) exist 1n the stage of 1HaPr2 The total number of possible homologs 1s 23
(including cone-1Hs4 and cone-1HPr3) It thus seems to be extremely difficult to
synthesize all possible conformers listed in Table 1  As described in this paper,
however, we found that the OH group in unmodified phenol unit 1s permeable
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Table 1. Conformational 1somers possible in 1H4 and 1its O-alkylation derivatives

calixarene

conformation
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Table 2. Conformational isomers which become equivalent after the rotation of
the OH group

calixarene basic conformation equivalent conformation
distal-1HaR o 1HoRoHOR = 1HoRcHPR® 1HeRBHoRB
1HoRoHeRA = 1HeReHPRB
proximal-1H2R2 1HeHe*ROoR® = 1HeHBRoR®  1HoHOoRBRP  1HBROR®R«
1HeHBRoRB = 1HeHoRoRB 1HoHBRBR®
1HR3 1HoReRORp = ]HoRoRPRA
1HeRoRPRe = 1HoRBReRB

Table 3. Basic conformational 1somers remaiming after the rotation of the OH
group

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

1H4 1HeHeH*H>
1H3R 1H*H*HOR
distal-1H2R 2 1H®RoHoR®  1HOROHoRP
proximal-1HzR2 1HeHo*ROoR® 1HeHBRoRA
1HR3 1HOR®R*R®  [HO®RORPRe

1HeR*RORB

IR4 1RORORCR®  1RORORORP 1R*RORBRA 1RRPRORS
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through the calix[4]arene ring (even the OH group in 1HPr3) This means that the
position of the OH group i these conformers 1s determined as a consequence of the
thermodynamic control As summarized 1 Table 2, several conformers thus
become equivalent to each other after the oxygen-through-the-annulus rotation of
the OH group In 1H3Prz, for example, distal-1,3-alternate-1HaPry (1HePrBHoPrB)*
1s equivalent to distal-cone-1HaPrz (1H*ProH<%Pr®) and distal-1,2-alternate-1H2Pra
(1HoProHBP1B) 1s equivalent to distal-partial-cone-1HaPr2(1H®Pr¢HoPrB) In 1HPr3,
for example, 1,3-alternate-1HPr3 (1H®PrBPr¢PrB) 1s equivalent to distal-OPr-
inversed partial-cone-1HPr3 (1H®ProPrBPro) and 1,2-alternate 1HPr3
(1HoProPrBPrB) 1s equivalent to proximal-OPr-inversed partial-cone-1HPrj3
(1HePr*ProPrB), Thus, the number of remaiming conformers 1s reduced to 13
(including cone-1H4 and cone-1H3Pr. Table 3) The decrease 1n the number
encouraged us to challenge the syntheses of all possible conformers This challenge
1s of great significance not only 1n the development of new calix[4]arene-based
conformers but also in the elucidation of reaction mechanisms by which these
conformers are formed !3

Results and Discussion

Strategies for Syntheses. Through the previous studies!®-14 we have
found several versatile methods useful for the syntheses of new conformers (1)
mono-0-alkylated p-t-butylcalix[4]arenes (1H3R) can be synthesized in toluene by
the control of a 1H4/RX (alkyl halides) ratio,14 (i1) the reaction of 1H4 and RX 1n the
presence of MaCO3 (M=Na or K) selectively yields distal-cone-1HaR?2,12:15,16 (111) the
reaction 1n the presence of CspCO3 yields either 1HR3 or 1R4 (depending on a
1H4/RX ratio), the product being the mixture of partial cone, 1,2-alternate, and 1,3-
alternate,12:17 (1v) the reaction 1n the presence of Ba(OH); affords only cone-
1HR3,12,18 (v) a benzyl group is useful for protection of the OH group 14 By the
combination of these strategies we can now synthesize all possible conformers
listed 1n Table 3.

Mono-O-alkylation. It 1s rather difficult to stop the O-alkylation reaction in
the stage of 1H3R. We found that 1H4 1s efficiently mono-O-alkylated when 1Hg4 1s

*To distinguish conformational 1somers, cone, partial cone, 1,2-alternate, and 1,3-
alternate have been used To distinguish the substituent position, distal and
proximal have been used However, these two nomenclatures are not enough to
distinguish conformational isomers synthesized herein  In such cases, we used «
and B (for example, aooo for cone and afaf for 1,3-alternate) as used in the
nomenclature for porphyrin atropisomers
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treated with alkyl halides (such as n-PrBr and BzlBr) in toluene in the presence of
NaH In mono-O-benzylation, for example, the yield under the optimum conditions
15 67%. In contrast, when polar solvents (such as DMF, acetonitrile, etc.) were used
mnstead of toluene, the product was a mixture of 1HPr3, 1H2Pr2, and 1Pr4 The
excellent selectivity for mono-O-alkylation in toluene 1s accounted for by two
terms. (1) phenoxide amions are deactivated because of the formation of tight ion
parrs and (1) 1t is energetically favorable to produce monoamom¢c 1H3- rather than
polyanionic 1H32-, 1H3-, and 14- On the other hand, when Ba(OH); was used
mstead of NaH, DMF could be used as solvent for mono-O-alkylation We consider
that the reactivity of the phenoxide amions 1s also suppressed through complexation
with Ba2+

t-Bu
OH
0 OH
t-Bu—_ ) Q t-Bu = __n-PrBr/iNaH__ &LH:I
" loluene
cone-1H, cone-1H,Pr
t-Bu

Compound 1HPr3; adopts a cone conformation This 15 supported by the fact that in
1H NMR spectroscopy (CDCl3, 25 °C) the ArCH2Ar methylene protons appear as two
pairs of doublets (341 and 436 ppm for one pair and 3.43 and 4.27 ppm for
another pair) and the difference in the chemical shift (A8 = O 84-0 95 ppm) 1s as
large as 09 ppm 19 This spht pattern 1s commensurate with a cone conformation 19
Is the conformation other than cone really impossible in 1HPr3 ? To answer this
question we carried out the following experiment. Mono-O-propylation of distal-
cone-1H2Bzly by n-PrBr in DMF 1n the presence of CsCO3 gave distal-OPr-inversed
partial-cone-1HPrBzly (1H*BzI1®PrBBz19) in 65% yield Treatment of this compound
with Me3SiBr 1n chloroform should give partial-cone-1H3Pr (1H®HoPrBH®), Actually,
however, the compound we recovered in 92% yield was cone-1HzPr We consider
that three OH groups rotate so that they can form hydrogen-bonds including the
OPr group The rotation of the OPr group cannot be ruled out, however Anyway,
cone 1s the sole conformation allowed for 1H3Pr.20
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OH
OH
OPrOH
cone-1H,Pr

Di-O-alkylation. It has bean noticed by Reinhoudt et al ,!5 No et al,16 and
us!2 that the reaction of 1H4 and RX 1n the presence of MpCO3 (M=Na or K) yields di-
O-alkylated derivatives (distal-cone-1H2R2) The reaction stops i1n the di-O-
alkylatton stage even in the presence of excess RX For example, the reaction of 1Hy
and n-PrBr in acetone 1n the presence of K2CO3 yielded distal-cone-1H2Prz in 79%
yield 12 Similarly, the reaction of 1Hs and benzyl bromide (BzIBr) in acetone in the
presence of KoCO3 yielded distal-cone-1H3Bzla 1n 98% yield

OH
K,CO,/RX OR on OR
D e o)

acetone
distal-cone-1H,R,

DMF can be used instead of acetone 12 When Cs2CO3 was used instead of
Na2CO3 or K2CO3, on the other hand, further O-alkylation to 1R4 took place (vide
post) It 1s known that phenoxide amons having Cs* as a countercation 1s more
reactive than those having other alkali metal cations as countercations 21 Ths 1s
explained by the difference in the ion-pair tightness. Thus, the difference observed
between di-O-alkylation mn the presence of NaCO3 or K2CO3 and tetra-O-alkylation
m the presence of CspCO3 1s also explamed by the higher reactivity of 1HR2-Cs+ and
1R3-Cs* due to the formation of the loose 1on pairs

Tri-O-alkylation. The typical base used for O-alkylation of 1H4 1s NaH 8-11
We followed the progress of the reaction of 1H4 and n-PrBr in THF-DMF 1n the
presence of NaH by an HPLC method We found that 1HaPry 1s accumulated to some
extent as an intermediate whereas 1HPr3 1s detected only as a weak transient peak
This 1mphes that the reaction from 1HPr3 to 1Prg 1s faster than that from 1HzPr3 to
1HPr3  According to an X-ray crystallographic study about distal-cone-1HpMe2,22
the two amsole moieties are more or less parallel to each other with the methoxy
groups pomnting outwards while the two phenol units are flattened with the OH
groups pomnting inwards On the other hand, the phenol unit in cone-1HMe3s 1s not
so flattened as those in distal-cone-1HaMe2 22 Thus, the OH groups in distal-cone-
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1H2Me2 are more buried in the calix[4]arene cavity and therefore become less
active toward alkylation reagents.

OH OPr
OPr OPr OP
Or tast ' opr 9"

/ cone-1HPr, cone-1Pr,
NaH
n-PrBr (4)
OH
\ OPr OPr OPr OPr

fast OPr

1H,

OPr OPr

partial-cone-1HPr, partial-cone-1Pr,

The above finding suggests that the synthesis of 1HR3; by the reaction of 1H4
and RX 1n the presence of NaH 1s rather difficult Gutsche et al 23 reported that
1HMe3 15 selectively formed by O-methylation of 1H4 in the presence of Ba(OH);
We applied this method to the synthesis of conformationally-immobile 1HPr3
Unexpectedly, we found that the product contains only cone-1HPr3 12,17 After 1 h
at 30 °C 1H4 was converted to cone-1HPr3 i 100% yield (determmned by HPLC
1solated yield 63%) When heated for 70 h at 70 °C, we detected cone-1Pr4 1n 6%
yield (determined by HPLC) The novel cone-selectivity and 1HPr3-selectivity are
both rationalized in terms of strong Ba2Z+-phenoxide 1nteractions To form a
complex between 1Pr2- and Ba2+ the cone conformation i1s most favorable because
four oxygens can interact with Ba2+  Furthermore, the Ba2+-phenoxide interaction
1s stronger than the Nat-phenoxide interaction Thus, the reaction occurs with
cone-shaped 1Pr2- to give cone-1HPr3 in 100% selectivity  Further O-propylation
of cone-1Pr3- 1s suppressed because of strong coordination of the remaining
phenoxide amion to Ba2+

. 4 P ~
v

"O“ ". \\‘ "O NN
OPr/ . OPr OPr op OPr
n-PrBr r n-PrBr
“slow cone-1Pr, (5)

distal-cone-1Pr,2? - distal-cone-1Pry’
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We also followed the reaction of 1H4 and n-PrBr i1n acetone in the presence of
Cs2CO3 by HPLC. We observed a new 1HPr3 peak other than cone-1HPr3 Under the
optimum reaction conditions and reaction time the yield reached 59% We 1solated
this compound by a TLC method This compound was assigned to be distal-OPr-
inversed partial-cone-1HPr3 (1HoProPrBPra) by !H NMR spectroscopy.l” As
described above, Cst 10on forms loose ion pairs with phenoxide anmions. Therefore, 1t
would not exert a strong metal template effect (as Ba2* in Eq. 5) to mamtain 1R2-
i a cone conformation. This suggests that in the presence of CspCO3 1Pra2- (or
1HPr2-) exists under an equilibrium between cone and partial cone and the reaction
with partlal—cone-lez' results 1n distal-OPr-inversed partial-cone-1HPr3
(1HoPrePrBpPra),

OPr _oPr opr $H
‘/\J——_Ol:' n-PrBr ttgopr

@ cone-1HPrg (6)
,"'Ol- ‘\‘
OPr OPr OPr OH
@ n-PrBr Opr
o opr
1HPr*PrPpr®

The 'H NMR spectra of cone-1HPr3 and distal-OPr-inversed partial-cone-
1HPr3 (1H®*ProPrBPr®) were scarcely changed at 0-60 °C  After heating these
conformers in refluxing THF for 6 h, the products were analyzed by HPLC We
confirmed that neither cone-1HPr3 nor distal-OPr-inversed partial-cone-1HPr3
(1HeProPrBPr®) i1somerizes These findings indicate that the rotation of the PrO
group 1s sterically inhibited while the rotation of the OH group 1s allowed When
cone-1HPr3 was treated with n-PrBr n the presence of NaH, only cone-1Pr4 was
recovered 1n  100% yield When distal-OPr-inversed partial-cone-1HPr3
(1H*ProPrBPro) was treated with n-PrBr in the presence of NaH, we recovered 93%
of partial-cone-1Pr4 and 7% of 1,3-alternate-1Pr4  These results establish that
when NaH was used as base, the conformer distribution 1s almost determined in the
third O-propylation step  The formation of 1,3-alternate-1Pr4 1s accounted for by
the rotation of the last OH group m 1H®ProPrBPr® upon O-propylation In contrast,
when cone-1HPr3 was treated with n-PrBr in the presence of Cs2CO3, the product
was partial-cone-1Pr4 (100% yield) When distal-OPr-inversed partial-cone-1HPr3
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(1HoProPrBPro) was treated with n-PrBr in the presence of Cs2COj3, the product was
a mixture of partial-cone-1Pr4 (13%) and 1,3-alternate-1Pr4 (87%) This indicates
that the OH group in the unmodified phenol unit is permeable through the
calix[4]arene annulus even in the stage of 1HPr3. In other words, the observation
that in O-propylation with NaH the conformation 1s apparently immobilized 1n the
stage of 1HPr3 is due to the strong metal template effect of Na+ keeping the OH
group 1n its original position through the Nat-phenoxide interaction

Tetra-O-alkylation. We previously reported that tetra-O-propylation of
1H4 with n-PrBr in the presence of NaH yields cone-1Pr4 and partial-cone-1Prg
approximately 1n a 11 ratio 10 As described above, the precursors of cone-1Prs
and partial-cone-1Pr4 are cone-1HPr3 and distal-OPr-inversed partial-cone-
1HPr3(1H*PrePrBPre), respectively

In contract, when 1H4 was tetra-O-alkylated with n-PrBr in DMF 1n the
presence of CspCO3, the product was a muxture of partial-cone-1Pr4 (34%), 1,2-
alternate-1Pr4 (9%), and 1,3-alternate-1Prs (57%) !2 Clearly, inversion of phenol
units occurs easily because of the formation of loose Cs*-phenoxide 1on-pairs

OPr OPr
! OPr OoPr ! OPr
OPr OPr oPr
1H n-PrBr partial-cone-1Pr, 1,2-alternate-1Pry (7
4 Cs,CO,
OPr
OPr
OPr OPr

1,3-alternate-1Pr,

Syntheses Using a Protection-Deprotection Method. In Table 3, there
exist four conformers which have not yet been synthesized. They are distal-
partial-cone-1H2Pr2 (1H®*ProHePrB), proximal-cone-1HaPry (1H®*H®PrePro),
proximal-1,3-alternate-1H2Pra (1H®HBPrePrB) or proximal-partial-cone-1H2Pra
(1H*HoProPrB), and proximal-OPr-inversed partial-cone-1HPr3 (1H®*ProPraprB)
Since the syntheses of these conformers in one step were difficult, we developed a
new method using a benzyl group as a protecting group.

Proximal-OPr-inversed partial-cone-1HPr3 (1H®ProProPrB) was synthesized
from cone-1H3Bzl via OPr-inversed partial-cone-1Pr3Bzl (1Pr®ProPrPBzl®). The
reaction of cone-1H3Bzl with n-PrBr in THF-DMF in the presence of NaH gave OPr-

4333
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inversed partial-cone-1Pr3Bzl (1ProPr®PrBBzl1®) The examination with 1H NMR
spectroscopy established that the propyl group proximal to the benzyl group 1s
mversed (see Experimental) Conceivably, the first propyl group 1s introduced to
the position distal to the benzyl group and gives distal-cone-1HPrBzl
(1HeProH®Bzl%) Further O-propylation 1s srmilar to di-O-propylation of distal-
cone-1H2Bzly (1IH®BzlcH%Bzl®) 1n the presence of NaH which finally yields OPr-
inversed partial-cone-1Pr2Bzly (1PreBzI®PrBBzl®: vide post) Debenzylation of
1ProPrePrBBz1® with Me3SiBr results 1n proximal-OPr-inversed partial-cone-1HPr3
(1HoProProPrB) in 69% yield.

OBZIOH OH OBZIOH o OPr
t{ O|5 n-PrBr

NaH
cone-1H;Bz| 1H*Pr*H BzI*

(8)
OPr
OBzl OPr on " opr
OPr OPr

1Pr°ProPrPBzI® {HePrePropr?

Among three remaining 1HjPrp, distal-partial-cone-1HPr2 (1HeProH aPrB)
was synthesized from distal-cone-1H2Bzlz via OPr- inversed partial-cone-1PraBzls
(1ProBz1®PrBBz1%) The reaction of distal-cone-1H;Bzly with n-PrBr in THF-DMF 1n
the presence of NaH afforded OPr-inversed partial-cone-1ProByls (1Pr@BzloPrBBzl)
mm 67% yield As described above, tetra-O-alkylation of 1H4 1n the presence of NaH
results in cone-1R4 and partial-cone-1R4 approximately im a 11 ratto We found
that in di-O-propylation of distal-cone-1H2Bzly (1H*BzieH®Bzl®) distal-cone-
1PrpBzly (1Pr®BzloPr®Bz1®) 1s also yielded in addition to OPr-inversed partial-cone-
1Pr2Bzly (1ProBzloPrBBzl®) We thus 1solated 1PreBz1oPrBBzl® by a preparative TLC
method. Debenzylation of this compound with Me3SiBr yielded distal-partial-cone-
1H2Pry (1HeProHOPrB) 1n 90% yield.

Proximal-cone-1H2Prp (1H*H%ProPr®) was synthesized from cone-1H2Bzl via
cone-1HPraBzl (1H®PrePr®Bzl®) The reaction of cone-1H3Bzl with n-PrBr in the
presence of Ba(OH)2 (specific metal for the synthesis of cone-1HR3) gave cone-
1HPr2Bzl (1H®ProPre¢Bzl®) in 67% yield Debenzylation of tms compound with
Me3Si1Cl yielded proximal-cone-1HzPry (1IH®H@PraPr®) mn 78% yield We here used
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Me3SiCl instead of Me3S1Br because Me3SiBr cleaved not only the benzyl group but
also the propyl groups Me3SiCl selectively cleaved the benzyl group and gave
proximal-cone-1HzPry (1IH*H®ProPr2) in a good yield

The synthesis of proximal-1,3-alternate-1H2Pr; (1HeHBProPrB) 1s more
complicated We first considered the synthesis of proximal-partial-cone-1H2Pr2
(1HeHePrePrB) which becomes equivalent to proximal-1,3-alternate-1HsPr)
(1H*HPBProPrB) after the rotation of one OH group. Di-O-propylation of cone-1H3Bzl
i the presence of Cs2CO3 afforded OPr-inversed partial-cone-1HPraBzl i 79% yield
However, there are two possible stereomers in OPr-inversed partial-cone-1HPrpBzl
they are 1H®ProPrfBzl® and 1HPrBProBzl® These two compounds cannot be
distingmshed by !H NMR spectroscopy As mentioned above about the synthesis of
proximal-OPr-inversed partial-cone-1HPr3 (1H2PreProPrB), the first propyl group
should be introduced into the position distal to the benzyl group to give distal-
cone-1HoPrBzl (1H*ProH®Bz1®) Thus, the inversion of the phenol umit occurs when
the second propyl group enters This allows a presumption that the 1solated
compound would be 1H®Pr@PrPBzl® that 1s, the propyl group proximal to the benzyl
group is inversed Debenzylation of this compound should give proximal-partial-
cone-1HsPry (1H®*HeProPrB) (another stereomer 1HoPrBProBzle also gives
1HeHoProPrB after debenzylation) However, the 1H NMR spectrum (CDCls, 25 °C)
indicated that this compound adopts a proximal-1,3-alternate conformation
(1H*HPBPrePrP) that 1s, one OH group 1n proximal-partial-cone-1H2Pr2
(1HeHeProPrB) rotates to thermodynamically more stable proximal-1,3-alternate-
1H7Pry (1HeHBProPrB)

On the Favorable Conformations after the Oxygen-through-the-
annulus Rotation of the OH Group. We have synthesized four different i1somers
of 1H3Pry and three different i1somers of 1HPr3 listed in Table 2 The 1H NMR
spectra of these compounds were scarcely changed by heating at 60 °C for 1 h in
THF One can thus consider that these are stable conformational isomers  This
finding leads to two important conclusions Firstly, we previously found that the
oxygen-through-the-annulus rotation 1n 1R4 1s inhibited by R greater than ethyl in
other words, propyl is the smallest group to inhibit the rotation 10,17 The present
finding indicates that this 1s also the case in 1H2R2 and 1HR3  Secondly, the rotation
of the OH group 1s allowed This means that in Table 2, 6 conformers listed in the
left column are thermodynamically more stable than 9 conformers listed in the
nght column  Recent theoretical calculations by Reinhoudt et al 22 predict that
calix[4]arene derivatives adopt a conformation so that the intramolecular
hydrogen-bonds can be formed most efficiently. In Table 2, for example, the OH
groups 1n distal-cone-1H2R2 (1IH®*R®H@R®) can form the intramolecular hydrogen-
bonds with the proximal OR groups more efficiently than those in OH- 1inversed
distal-partial-cone-1H2R2 (1HOR®HBR®) and distal-1,3-alternate-1HaR, (1H®RBHORB)
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Similarly, the superiority of the favorable conformations in the left column to other
unfavorable conformations 1n the right column is mostly explamned on the same
basis Compound 1HOHPProPrB is exceptional, however. Obviously, 1H*H®ProPrB
which can be readily denived by the rotation of one OH group should form the
intramolecular hydrogen-bonds more efficiently than 1HeHPProPrB. In lH NMR
(CDCl3s, 25 °C) the ArCHzAr 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 Hexo and Hendo with the chemical shift difference of ca 09 ppm result
when two neighboring phenol units employ a syn conformation whereas the
chemical shift difference between these two protons 1s relatively small when two
neighboring phenol units employ an anti conformation.l-3 Thus, the above splitting
pattern (without Hexo and Hendo) 1S consistent only with a 1,3-alternate
conformation (i.e., 1H®HBPr®Prf) Then, 1s this conformation stabilized without any
intramolecular hydrogen-bonding 1interactions ? We previously found that the domn
m lH NMR (CDCl3, 25 °C) shifts to lower magnetic field and the vou in IR (nujol)
shifts to lower frequency when the strong intramolecular hydrogen-bond 1s formed
for example, ou=10.34 ppm for 1H4, 954 and 10.13 ppm for 1H3Me, 7.19 ppm for
distal-1HyMe3, and 6.20 ppm for 1HMes, vog=3170 c¢m-! for 1Hs, 3150 and 3280
cm-! for 1H3Me, 3450 cm-! for distal-1HoMe2, and 3470 cm-! for 1HMe3 7 The doH
and vog for 1H®*HBPraPrB appeared at 7.99 (singlet) ppm and 3380 cm-l,
respectively  This suggests that the OH groups in 1HOHPBProaPrP form "relatively”
strong 1ntramolecular hydrogen-bonds We consider that the OH groups form the
mtramolecular hydrogen-bonds with the distal OPr groups through which this
conformation 1s stabilized

More interesting 1s the !'H NMR spectrum of distal-partial-cone-1H2Pr3
(1HePreHoPr8, CDCls, 25 °C) The ArCH2Ar protons appear as a pair of doublets at
374 and 396 ppm and the difference in the chemical shifts (A5=022 ppm) 1s
relatively small  According to Gutsche,!-3 the A5 becomes smaller when the phenol
unit 1s flattened. Hence, the spectrum suggests the idea that two unalkylated
phenol units are flattened, probably, to form intramolecular 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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OPr

Figure 1. Flattened conformation proposed for 1H®PreHoPrB

Conclusions. We here demonstrated that a number of conformational
1somers can be denved from 1H4. The results consistently indicate that metal
cations used as base play a crucial role in determining the conformer distribution.
We believe that the present results are very useful for the selective syntheses of
desired conformers i1n high yields.

Experimental

Materials

25-Propoxy-26,27,28-trihydroxy-p-t-butylcalix{4]arene (cone-
1H3Pr). Compound 1H4 (1.0 g, 1.35 mmol) and n-PrBr (0.17 ml, 185 mmol) were
dissolved 1n DMF (20 ml), and the solution was stirred at room temperature for 21
h in the presence of Ba(OH)2 8H20 (486 mg, 154 m mol) and BaO (236 mg, 154
mmol) The reaction mxture was diluted with water and extracted with
chloroform The chloroform layer was separated and dried over MgSO4. After
filtration, the filtrate was concentrated to dryness. The residue was recrystallized
from chloroform-methanol white powder, mp 238-239 ©°C, yield 78%: IR (nujol) voH
3180 and 3300 cm-!, I1H NMR (CDCls, 25 °C) 8 118, 120, and 121 (t-Bu, s each, 9H,
18H, and 9H, respectively), 124 (CHs, t, 3H), 2 13-2 22 (CH2(CH3), m, 2H), 3 41, 3 43,
427, and 436 (ATCH2Ar, d each, 2H each), 4 10 (CH20, t, 2H), 6 99, 7 04, 7 06, and
709 (ArH, d, s, d, and s, respectively, 2H each) 9 57 and 1015 (OH, s each, 1H and
2H, respectively) Anal. Calcd for C47H¢204 CH30H. C, 7974, H, 920% Found C,
8002, H, 9 34%.

25-Benzyloxy-26,27,28-trihydroxy-p-t-butylcalix[4]arene (cone-
1H3Bzl). Compound 1Hs (10 g, 13.5 mmol) and BzIBr (3 78 ml, 30.8 mmol) were
dissolved in toluene (400 ml), and the solution was heated in the presence of NaH
(123 g, 30.8 mmol) at 70 °C for 4 h. Excess NaH was decomposed with methanol
The solution was concentrated in vacuo. The residue was mixed with water-
chloroform, the organic layer being separated and dried over MgSO4 The solution
was concentrated, the residue being recrystallized from chloroform-methanol mp
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219-220 ©°C, yield 67%, IR (nujol) von 3320 cm-l, IH NMR (CDCI3, 25 °C) § 1.20 and
121 (t-Bu, s each, 18H each), 3.39, 340, 421, and 4 34 (ArCHzAr, d each, 2H each),
517 (ArCH20, s, 2H), 696, 702, 704, and 7.11 (ArH, d, s, d, and s, respectively, 2H
each), 742-753 and 7 70-7 74 (ArH in Bzl, m each, 3H and 2H, respectively), 9.37
and 999 (OH, s each, 2H and 1H, respectively) Anal Calcd for Cs51Hg204 0 25CH30H
C, 8240, H, 8.50%. Found. C, 8242; H, 8 31%.
25,27-Dipropoxy-26,28-dihydroxy-p-t-butylcalix{4]arene (distal-
cone-1H2Prz; 1HoPreHePr®). This compound was synthesized from 1H4 and n-
PrBr in DMF 1n the presence of K2CO3. mp 247-249 ©oC, yield 79%. The details of the
method and the anmalytical data were described previously 17
25,27-Dibenzyloxy-26,28-dihydroxy-p-t-butylcalix[4]arene (distal-
cone-1H2Bzl2: 1HeBzIcH2Bzl®), Compound 1H4 (10 g, 135 mmol) and BzlBr
(074 ml, 616 mmol) were dissolved in acetone (25 mi), and the solution was
refluxed for 3 hr in the preference on K2CO3 (213 g, 154 mmol) The reaction
mixture was diluted with water and extracted with chloroform. The chloroform
layer was separated and dried over MgSO4 After filtration, the filtrate was
concentrated to dryness The residue was recrystallized from chloroform-methanol
mp 194-195 ©°C, yield 98%, IR (nujol) vou 3400 cm-l, IH NMR (CDCl3, 25 °C) § 094
and 128 (t-Bu, s each, 18H each), 326 and 4 28 (ArCHjAr, d each, 4H each), 504
(ArCH30, 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 1n Bzl, m each, 3H and 2H, respectively) Anal Calcd for C58Hgg04
C, 8402, H, 827% Found, C, 83.64; H, 8§ 05%
25,26,27,28-Tetrapropoxy-p-t-butylcalix[4]arene(cone- and
partial-cone-1Prg4). Cone-1Pr4 and partial-cone-1Pr4 were synthesized from 1Hg4
and n-PrBr in THF-DMF 1n the presence of NaH These two 1somers were 1solated by
a TLC method cone-1Prg, mp 246-247 °C, yield 38%; partial-cone-1Pr4, 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(1,2- and 1,3-
alternate-1Prgq). Compound 1H4 (500 mg, 077 mmol) and n-PrBr (379 g, 308
mmol) were dissolved in DMF (20 ml), and the solution was heated in the presence
of Cs2CO3 (10 g, 30 8 mmol) at 70 °C for 3 h The HPLC analysis indicated that the
product 1s a muxture of 34% partial-cone-1Pr4, 9% 1,2-alternate-1Pr4, and 57% 1,3-
alternate-1Pr4 From these three conformers 1,2-alternate-1Pr4 and 1,3-alternate-
1Pr4 were 1solated by a TLC method (silica gel, chloroform-hexane (14 v/v) 1,3-
alternate-1Prs, Rf 0 38, mp 339-341 ©C, 1solated yield 49%, !H NMR (CDCl3, 25 °C) §
061 (CHs, t, 12H), 0 94-1 03 (CH2(CH3), m, 8H), 1 26 (t-Bu, s, 36H), 3 30 (CH20, t, 8H),
3 80 (ArCHzAr, s, 8H), 6.95 (ArH, s, 8H). Anal. Calcd for (C14H200)4 C, 8230, H,
987% Found C, 8212, H, 997% The analytical data for 1,2-alternate-1Pr4 (mp
279-280 ©C, 1solated yield 6%) were described previously 17
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25,26,27-Tripropoxy-28-hydroxy-p-t-butylcalix[4]arene (cone-
1HPr3 and distal-OPr-inversed partial-cone-1HPr3: 1HoPrePrBPr¢). Cone-
1HPr3 was synthesized from 1H4 and n-PrBr in DMF in the presence of Ba(OH)2
8H20 and BaO: mp 194-196 °C, yield 63% Daistal-OPr-inversed partial-cone-1HPr3
was synthesized from 1H4 and n-PrBr in acetone in the presence of CspCO3 mp 169-
171 ©C, yield 48%. The details of the methods and the analytical data were
described elsewhere.l7

25,26,27-Tripropoxy-28-hydroxy-p-t-butylcalix[4]arene (proximal-
OPr-inversed partial-cone-1HPr3: 1H®PreProPrf). This compound was
synthesized by tri-O-propylation of cone-1H3Bzl n the presence of NaH followed by
deprotection of the benzyl group with Me3SiBr Cone-1H3Bzl (100 g, 135 mmol)
was treated with oil-dispersed NaH (0.65 g, 16.2 mmol) in THF-DMF (2 m!) and then
n-Prl (7 88 ml, 81 mmol) was added The reaction mixture was refluxed for 2 h,
Excess NaH was decomposed with methanol. The mixture was diluted with water
and extracted with chloroform. The chloroform layer was separated and dnied over
MgSO4. After filtration, the filtrate was concentrated to dryness Recrystallization
of the residue from chloroform and methanol yielded 1ProProPrBBzl® white
powder, mp 221-222 °C, yield 69%, 1H NMR (CDCl3, 25 °C) § 0.50, 0 82, and 097
(CH3, t each, 3H each), 103, 105, 121, and 134 (t-Bu, s each, 9H each), 1 30-1.38,
168-177, and 177-186 (CH2(CH3), m each, 2H each), 3 02, 3.40, 3 46, 363, 371,
407, and 4 11 (ArCH2Ar, d each, 2H, 1H, 1H, 1H, 1H, 1H, and 1H, respectively), 3 34-
348 and 3 60-3 74 (CH20, m each, 3H each), 4 60 and 4.74 (ArCH20, d each, 1H
each), 658, 661, 6.84, 690, 7.05, 708, and 715 (ArH, d, d, d, d, d, s, and d,
respectively, 1H, 1H, 1H, 1H, 1H, 2H, and 1H, respectively), 7 32-7 39 and 7.44-7 48
(ArH 1n Bzl, m each, 3H and 2H, respectively) Anal. Calcd for CepHgoO4 C, 83 29, H,
932% Found C, 83.10, H, 917% Compound 1ProProProBziBP (050 g, 0 58 mmol)
was dissolved in chloroform (20 mi), and Me3S1Br (0.089 g, 058 mmol) was added
dropwise  The reaction muxture was refluxed for 2 h  The reaction mixture was
diluted with water and extracted with chloroform The chloroform layer was
separated and dried over MgSO4  After filtration, the filtrate was concentrated to
dryness Recrystallization of the residue from chloroform-methanol yielded
1HoPrepProPrf, white powder, mp 122-124 °C, yield 69%, IR (nujol) voy 3340 cm!,
1H NMR (CDCl3, 25 °C) & 048, 050, and 061 (CHs, t each, 3H each), 0 60-0 73 and
090-120 (CH2(CH3), m each, 2H and 4H, respectively), 127 and 132 (t-Bu, s each
27H and 9H, respectively), 3 15, 342, 387, 393, 394, 396, and 4 18 (ArCHjAr, d, d,
d, d, s, d, and d, respectuvely, 1H, 1H, 1H, 1H, 2H, 1H, and 1H, respectively), 6 51 (OH,
s, 1H), 699, 7.04, 705, 706, 707, and 7.10 (ArH, d, d, d, s, d, and d, respectively,
2H, 1H, 1H, 2H, 1H, and 1H, respectively). Anal. Calcd for C53H7404 C, 8212, H,
962% Found C, 81 94; H, 9.48%
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25,26-Dipropoxy-27,28-dihydroxy-p-t-butylcalix[4]arene
(proximal-cone-1H2Pr3: 1H*HoProPr®), This compound was synthesized by di-
O-propylation of cone-1H3Bzl in the presence of Ba(OH)2 8H20 and BaO followed by
deprotection of the benzyl group with Me3SiCl because Me3SiBr cleaved
nonselectively not only the benzyl group but also the propyl group. Me3SiCl
selectively cleaved only the benzyl group Cone-1H3Bzl (10 g, 1.35 mmol) and n-
PrBr (1.00 mi, 10 83 mmol) were dissolved in DMF (50 ml), and the solution was
stired at 60 °C for 23 h in the presence of Ba(OH); 8H20 (1.76 g, 5.42 mmol) and
BaO (0.832 g, 5.42 mmol) The reaction mixture was diluted with water and
extracted with chloroform  The chloroform layer was separated and dried over
MgSO4  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-butylcalix[4]arene (cone-1HPraBzl: 1H®ProPreBzi®) mp 192-194
oC, yield 71.3%, IR (nujol) vonu 3550 cm-1, ITH NMR (CDCls, 25 °C) § 059 and 107
(CHs, t each, 3H each), 082, 083, 133, and 1.34 (1-Bu, s each, 9H each), 181-209
(CH(CH3s), m, 4H), 311, 3 14, 3.24, 429, 432, 4.34, and 4 44 (ArCH3Ar, d each, 1H,
1H, 2H, 1H, 1H, 1H, and 1H, respectively), 3.66-3 77 (CH20, m, 4H), 4 73 and 4 88
(ArCH»0, d each, 1H each), 5.51 (OH, s, 1H), 6.51, 705-707, and 7 13 (ArH, s, m, and
s, respectively, 4H, 2H, and 2H, respectively), Anal Caled for Cs7H7404 C, 8317, H,
906% Found: C, 83 23, H, 904%. Treatment of 1H®PrePraBzl® with Me3Si1Cl 1n
chloroform, as described above, yielded proximal-cone-1H2Pry (1IH*H®ProPr¢): mp
119-121 ©°C, yield 78%; IR (nujol) vou 3170 and 3340 cm-l, IH NMR (CDCl3, 25 °C) §
110 and 120 (t-Bu, s each, 18H each), 1 12 (CHs, t, 6H), 2 04-2 13 (CH2(CH3), m, 4H),
332, 333, 334, 429, 432, and 4 49 (ArCH2Ar, d each, 1H, 1H, 2H, 1H, 2H, and 1H,
respectively), 3.82-390 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 C50HggO4 CH3OH- C,
8006; H, 948% Found C, 8002, H, 9.43%

25,27-Dipropoxy-26,28-dihydroxy-p-t-butylcalix[4]arene (distal-
partial-cone-1H;Prz. 1HeProHoPrB). This compound was synthesized by di-O-
propylation of distal-cone-1H2Bzl; in the presence of NaH followed by deprotection
of the benzyl groups with Me3SiBr  The method 1s basically similar to that
described for proximal-OPr-inversed partial-cone-1HPr3 (1H®*Pr®Pr®Prf) OPr-
Inversed partial-cone-1PraBzly (1PreBzl®PrBBz1®) mp 228-230 °C, yield 67%, !H
NMR (CDCl3, 25 °C) 8 033 and 0 85 (CHj3, t each, 3H each), 104, 105, and 1 34 (t-Bu,
s each, 9H, 18H, and 9H, respectively), 115-125 and 172-182 (CH2(CHj3), m each,
2H each), 299, 3 63, 368, and 4 08 (ArCHAr, d each, 2H each), 3 26-3 31 and 3 45-
349 (CH30, m each, 2H each), 4 57 and 4 71 (ArCH;0, d each, 2H each), 6 78, 6.88,
700, and 7 08 (ArH, d, d, s, and s, respectively, 2H each), 7 30-7 44 (ArH 1n Bzl, m,
10H) Anal Calcd for Ce4HgoO4 0.5CH30H" C, 83.36, H, 8 89% Found C, 83 56, H,
8 63% Distal-partial-cone-1HzPra (1HePreHoPrB) mp 286-287 °C, yield 90%, IR
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(nujol) von 3310 cm-l, 1H NMR (CDCl3, 25 °C) 3 0.29 (CH3, t, 6H), 1.03-1 12 (CH2(CH3),
m, 4H), 129 and 130 (t-Bu, s each, 18H each), 3.51 (CH20, t, 4H), 374 and 3.96
(ArCH2Ar, d each, 4H each), 7.05 (OH, s, 2H), 7.06 and 7.15 (ArH, s each, 4H each)
Anal Calcd for C50HggO4 0.5CH30H. C, 80.97; H, 9.42%. Found: C, 8099; H, 9 13%
25,26-Dipropoxy-27,28-dihydroxy-p-t-butylcalix{4]arene

(proximal-1,3-alternate-1H2Pr;; 1HeHBProPrB). This compound was
synthesized by di-O-propylation of cone-1H3Bzl in the presence of CspCO3 followed
by deprotection of the benzyl group with Me3SiBr  Recrystallization of the residue
from chloroform-methanol yielded distal-OPr-inversed partial-cone-1HPr2Bzl
(1H*PrePrBBzI®): mp 104-105 °C, yield 49%, IR (nujol) vou 3320 cm-l, IH NMR
(CDCl3,25°C) 8 -035 and 1.02 (CH3, t each, 3H each), 0.71-0.80 and 1 81-1 94
(CH2(CH3), m each, 2H each), 1.07, 115, 1.18, and 1 25 (t-Bu, s each, 9H each), 1 61-
171, 172-180, 3 54-361, and 3 96-4.01 (CH20, m each, 1H each), 3.12, 3 32, 3 83,
384, 389, 390, 4.04, and 4 27 (ArCH»Ar, d each, 1H each), 4 70 and 5.06 (ArCH20,
d each, 1H each), 6 98, 700, 7.03, 704, 705, and 7.11 (ArH, d each, 2H, 2H, 1H, 1H,
1H, and 1H, respectively), 7 23-7.30 and 7 47-7 49 (ArH in Bzl, m each, 3H and 2H,
respectively), 731 (OH, s, 1H) Anal Caled for C57H74040 5CH30H. C, 8229; H,
913% Found C, 8234, H, 890% Treatment of 1HOProPrBBzl® with Me3SiBr mn
chloroform yielded proximal-1,3-alternate-1HaPry (1H®HBProPrB) mp 203-204 °C,
yield 95%, IR (nuol) vor 3380 cm-1, lH NMR (CDCls, 25 °C) & 0 14 (CHs, t, 6H), 0 80-
091 and 0.91-1 10 (CH2(CH3), m each, 2H each), 121 and 130 (t-Bu, s each, 18H
each), 284-292 and 3.06-3.14 (CH20, m each, 2H each), 373, 377, 391, and 398
(ArCH2Ar, d, s, d, and s, respectively, 2H each), 6 97, 704, 706, and 7 22 (ArH, d
each, 2H each), 799 (OH, s, 2H) Anal. Calcd for C50HggO4 CH3OH: C, 8006, H, 9 48%
Found C, 7982, H, 9 12%

Miscellaneous

In O-alkylation of 1H4, the progress of the reaction was followed by an HPLC
method column, Zorbax-ODS 46 x 250 mm, mobile phase, methanol chloroform =
41 v/v. For the TLC separation, silica gel and chloroform-hexane (1 4 v/v) were
used unless otherwise stated 1!H NMR spectra were measured with a JEOL GX-400
NMR apparatus
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