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1.1. The chemistry of macroqcl ic molecules 

The chemistry ot' macrocyclic compounds has made a great progre s ever . ince the 

discovery of crown ethers by Pedersen in 1967.111 It became aware in very early stage that the 

nano- ·calc cav it of this type of molecules has the pos ibility of capturing other chemical species. 

Up to now, a number of thi s class of compounds includi ng crown etbers ,l21 cryptands,~'l 

calixarene;, .P1 and cyc lophanest'l have been synthesized and their ability to form inclusion 

complc c;, hno been revealed. 

cd"o) CJ (d'j f 0l a: OX) 
(OJ OJ 'l,o~ ~ 

12-crown-4 15-crown-5 18-crown-6 dibenzo-18-crown-6 

CI')'J'tHnJ p-ten-bulylcnl ix j n jarcn~s [m11 ]para~yclophane 

Complexation, the phenomenon that one molecule binds to another molecule by non­

cova!t:nt interaction, has been a major area of interest and importance. This is partl y because 

such a phenomenon, referred to as ·'host-guest interacti on", i relevant to the receptor-sub trate 

interaction in the enzymatic chemistry. Macrocycl ic molecules have played an important role in 

the stud y or the host-gues t chemistry ba ed on a v;u·i ety of non-covalent interaction s such a. 

hyd rogen bondi ng or coordin ation to the t.ransition metal cen ters. Nowadays, increasing 

attention is being paid not only to the host-guest chemistry but also to the construction or 

molecu le. with multi -fu ncti ons based on tJ1e macrocycli c frameworks.1'·61 
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1.2. Historical backg1·ound of calixarenes 

alixarenes were at first dLco creel from "resinous tar"171 , cyclic, polymeric product 

obtained from the reactions of phenol and fonnaldehyde,181 and they are now one of the most 

widely studied macrocycl ic molecule Calixarenes are cyclic compounds made up of benzene 

rings onnected by methylene bridges in meta- positions.' 

R 

R R R R 

R 

R 
callxl4]arcne culix l6larene calix[8lareno 

Calixarenes have high abili ty for the inclusion of other chemical species. espec ially 

alkali and alkaline earth metals. although this is not an advan tage which on ly cal.ixarenes ha ve. 

One of the merits [or using ca!ixarenes is thei r faci le synthetic procedme on a cafe of 100 g. 

estab li~hed by Gutsche in 1980s. p-lerr-Butylcalix[4]arene ( I), p-lerl-burylcalixl6]arene (2), or 

' The ongmal tn lixarene nomenchuurc implici tly included the OH groups a. rart of the structure being named, and 
the nomenclature is used in this thesis. However, it is now general that the term "calixarene'' is appl ied only to the 
basic ~ lrU C lU !-e~ deVOid Of 1"UbstilUenLS, JS illUStn\IC<.i bC!Clw. 

cnllxf-4 j::tn:.ne-25.26.27 ,ltHc.trol cal txf 6lnrcnc -1738.39.40,41.42-hc.xol t:\lix[Sjnrcn~.:-4950.5 1. 52.53.54.55.56-octul 
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fHen- butylca lix[SJarene (3) can be se lecti vely obtained u. ing. di fferent conditions from an 

inex pen ive >tailing material. p-1er1-bu tylphenol (Scheme 1- 1 ).1'' 1 These fac ile procedures have 

given opport un ities to parti cipate in the macrocycl ic chcmi slly or the host-guest chemistry to a 

number of chemis ts all over the worl d. 

Scheme 1-1 

0 
OH 

0 
OH 

HCHO ( 1.15 cq) 
N:tOH (0.05 cq) 
tl 0- t20 °C, 2 h 

Ph20 
rertu.x, 1.5-2 h 

1-ICHO t2.7 eq) 
KOH (0.34 eq I 
t00 °C,2 h 

xylene 
retl ux, 3 h 

(CH20 I11 ( t .6 eq) 
NaOH (0.03 eq) 
xy lene. rcnux. 4 h 

I .3. Functionalization of calixarenes 

4 

2 

AnoU1er merit of calixarenes is the fac ile chemical modification of their frameworks. 

Ca lixarenes derived from p-ren-butylpheno.ls have hydroxyl groups on one side of the 

macrocyclic ri ng (refe rred to as ·' tower rim") and wn-butyl groups on the other side (as ··upper 

rim'' )l31 (Scheme 1-2) . 
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Scheme 1-2 

lower lim 

Both the "upper ri m' ' and " lower rim'· can be mod ified using simple procedures. 1' 1 

VariOLJ ~ functi onal groups can be introd uced on lhe upper rim by the procedures of de-/er/­

buty lati on witb aluminum chloride1'01 followed by electrophilic substitution (Scheme 1-3) . 

Scheme 1-3 

AlCl3, PhOJ-1 khH2l 
~ 

R = llr, l. N0 2. NR2, CH2NR2, N2Ar. 
CN, C02H, CH2C02H. CH20I-I. CI-I2S I-I . 
S011-l . CHO, COC J-1 3, CO Ph etc. 

Vari ou sub tituen ts can also be introduced into the hydroxyl groups at the lower rim by 

~ imple etherifi cation or esterifi cation. A number of cal.i xarenes bearing substiruents at the lower 

rim have been reported so far (Scheme l-4) and the ir complex ing ability toward various cations 

ha~ been inves ti gated . Oxidation of the meth ylene bridge or hydrogenation of the aromatic 

rings have also bee 11 reported .t" l 
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Scheme 1-4 

y =C6H; 
Y = 4-C~H4 -I- Bu 
Y = 4-C6H4Mc 
Y = 4-C6H4Br 
Y = 4-C6H.,CFJ 
Y = 4-C6H.,CN 
Y =4-C6H+ Oz 

l?IC. 

0 
II 
c 

1.4. Conformation of calixarenes 

Y=CH=Cl-12 
Y =C=CH 
Y =CHoCH, OH 
Y =4-C(,H4X 
Y =C02R 
Y =CONR2 
Y =C0 2H 

ere. 

n 

Y =CJ-I,CHoOH 
Y=CH; cH; OR 
Y=CH2CH2SR 
Y = CHzCH1SC(S)NEt2 
Y = CH2CHzOOJ 2C(S)NMc2 
Y =CH2C(S)NR'z 
Y = CH2(CHzOCH2J,.Cl-120Me 

ere. 

6 

Calixarenes usually have conformational mobility derived (rom the rotation of the single 

bonds between ihe aromatic rings and the methylene carbon atom , leading to "up" and "down" 

conformations of each aromatic ring of calixarenes (Scheme I -5). 

Scheme 1-5 

up conformation down conformalion 

This mobility re. ults in the formation of various conformations of calixarene molecules. For 

example, calix[4]arenes functionalized at their lower rim have four kinds of conformational 
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isomcrs.t"J which arc now refe rred to as "cone", "partial cone ... " I ,2-a lte rn ate•· and " 1.3-

alteroate .. (Scheme I -6).1' '1 They are different from each other in the position of the phenolic 

hydroxyl group:- with respec t to the average 1 lane of the macrocycle. Such variation in 

confom1ation is useful for constructi on o r different types or molecular bases by using of the same 

framework. 

Scheme 1-6 

R 

cone partial cone 1,2-alternate 

0: up conformat i n 
e· liown confonnation 

RR 

1,3-allernate 

In the case of larger class of calixarene. , there are a large number of possible conformers. 

While calix[S]arencs can have only four "up/down'' conformers, there are eight for calix[6]arenes 

and sixteen for calix [8]:u·ene and so on. Ln order to denote these confonnat.ional isomers. a 

convenient notation has been introduced by GLJLsche, which are summarized as ·hown below-'3.'"1 

(A) The ori entation of an aryl group or a calixarene macrocycle is designated as .. up'' or "dolVn" 

relarive to the average plane of the molecu le, as determined by it s methylene group using the 

descriptors " u" (up) and "d" (down). 

(B) The aryl moi ety carry itig the highest priority . ubstitueot at any position other than the two 

attached to the bridging methylene groups is des ignated as the reference group. It is 

recommended that ihe reference group descriptor i bold faced and that it is listed first in the 

sequence. 

Accon.ling to this notation. the cone and I ,2,3-allernate conformation , which are 

frequently . een in the calix[6]arcnc chemistry , are described as (u ,u,u,u,u.u) and (u ,u.u.d.d,cl), 
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respectively . Simple calix[6]areocs wl1ich have the same substilllents on each of the aromatic 

ring~ have eight conformations due to the variat ion of"u" and "d" (;,cheme 1-7). 

Scheme 1-7 

u,u,u.u.u.u ll ,U.ti.U.U ,d u,u.u,u,d,d u.u.u,d,u,d 

0000 
u.u,d,u,u,d lLU,U.d,d.d u,u,d.u,d,d u,d.u.d.u.d 

1.5. Conformational isomerism of calixat·enes 

0 : up conformation 
e: down conformation 

Variation of conformation make calixarenes to suffer the confonmttional isomerism. 

which is sometimes troublesome in multiple functionalization. Calix[4]m·enes have the four 

conformational i omers as discus ed above. Although the ca1ix[4jarenes bearing smaller groups 

(R' = Me, E t, CH,CNJ m·e reponed to undergo conf nnational interconversion,1"·"l substitueniS 

bu lkier thm1 e t1Jy1 group (R' = 11-Pr, n-Bu, CH2CH20CI·I,, CH,COCJ-1 3, COAr, ere) can re triclthe 

conformational isomerization among these isomer .'"-' 61 Confo t·maliona1 interconversion of p-

tert-bu tylcalixLSJarene> can be al o ;,uppre sed by imroduclion of bulky substituents (R' = 
COCH(CH,J,, CH2CO, Etl at the lower rim. I''! 

On the other hand , ri gid ification of the conformation of ca li x[6]arenes has been very 

difficult. For example. the conformation of p-lert-bULylcalix[6]arenes. Lmlike those of p-lert­

bllly lca lix[4 larenes and p-tert-buty lcalix[5]arencs, cannot be fixed even by the introduction o f 

very bul ky groups such as cholestery l. and p-phenylbenzy l group to tbe lower rim.1'8l Tllis fact 

indicate' that the pathway of the isomerism of p-ten-butylcalix[4]arenes and p-lert­

buty lca lix[S]arenes is involved only with the " lower-rim-th rough-the-annulus pathway•· wherea~ 

that of p-tert-but ylcalix[6]m·enes is in volved also with the "upper-rim-through-the-annulus 

pat hway" (scheme 1-8). Such confonnaliona l flexibili ty of ca1ix[6]arenes has been one or the 

main obstac les to their use and the development of a new methodology to conu·oJ their 

conr nnation has long been awai ted. 
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Scheme 1-8 

uppc r-rim-through-lhc·annulu~ pathway lower-rim-Lhrough-!he-annuJus pnthway 

L6. Bridged calixa~·enes 

Calixarenes can al. o be modified with bifunctional reagems to afford bimacrocyclic 

compounds in one tep. These additional cyclic sys tem anchored from the parent calixarene 

framework ..:an provide novel prope11ie as reponed in many paper . Calix[4]crowns 41'"1 and 

their alkylmed derivatives m·e typical examples of this class of compounds. There have been 

al so a number r reports on tl1e calix[4jnrcnes bearing other type of bridge such as a terphenyl 

(S)t'01 or a ch iral crown ether unit (6)P' 1 

4 6 

Howe e r, only a few examples of larger calixarenes bearing a crown ether unit have 

been reported , whicl1 is due to the difficult y or regio- ·elective bridging as well as tile 

conformational mobi lity . Among them are included the A,C-bridged cali.x[5]arenes (7),1'21 the 

A,D-bridged culix[6]arene (8).1'-'1 and the A,D-bridged calix [8]arenes (9)11' 1 with a 
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po ly(ethylcnoxy) unit. 2 

R 

R 

R 

R R 

R R 

R 

7 (11 ~4-6) 8 ( 11 ~4) 9 (n ~4) 

On the other hand. bridging (o r capping) o f caJjxarene with a more ri gid bridge such as 

an aromatic ring is expected to lead to a bicycli c systems in rather high selecti vity even if a larger 

class or calixarene>. are used. Furthe rmore, bridging unit with a rigid unit is ex.pec red to reduce 

the confo m1ati ona l nexibiljl)' of a larger cla s of calixcu·enes. 

The A.B- bridged ca l ixa re ne~ 10 and llllU'l and A,C-bridged calix[6]arenes 12-141';·"1 

were . ymhes ized by several groups. Shinkai and co-workers reported the successful optical 

resolution o r 14 having inherent chj1·al ity, indicating that tbe ring inver ion of the cali x[6]arene 

macrocycle which would lead to Lhe racemization is inhibited in thls bridged compound on the 

'· laboratory time scal e" . 

10: X= 

11: X= 

2 
Labeli ng. of A, B , C. etc. is used lO specify the aromatic rings to which the ~ub s titu c nt s are alt'ached. ·nllls . Lhc 

compound~ 7, 8, and 9 Ciln he dcs ignuted as "A,C-", ''A,D-'' . nnd "A,D-bridgec.r', respecti vely. Sec. also foo tnote I . 
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12: ~ R=H 

13:X= -s- I~ = Me 

14: X= -CH~H,-- R= Me 

"' OMe 

A number of calix[6]arenes 15-18 bridged by a xylylenc unit in A,D-posi tion. have also 

been reported . Calix[6]arenes 15 and 16. bridged by a p-xylylene moiety and an amlu·acene unit, 

respective ly, were synthesizecL1'"1 Conformational behavior of 15 and 16 in solution was also 

studied in dcwil. 

H' 'o -GH*Hr 
Y = 1-1 , Me 

16: X= -GH CH,--

R= 1-l , Mc 

17: X= --cH.,._ J ...CH,--·u 
Y = H, Br, N02. SBu. 

SOBu, '0 1-1 . N3 
R = 1-1 , Me, Bn 

Y= 1-l ,Me 
R=l-1, Me 

t! 

18:X= --GH~H,---y 
Z= H, OMc 
R= l-1, Me 

z 

The synthesis of m-xylylene bridged ca.lix[6]arenes 17 and 18 were also reportect .l"'-71·'81 

The author's group ha. been inves tigating the symhesis and application of 17, whose framework 

was useful ly employed fo r Lhe stabili zation of high ly reactive spec ies such as su lfen ic acid (Y = 
SO H) and se lenenic acids (Y = SeOH) embedded in Lhe caviry.1''"·'1 LUning and co-worker also 

reported the sy nthesis and app li cation of concave reagents 18 based on pyridine-bridged 

caJi x[6 1arene framework and . hawed their fasci na[ing reactivitie 1 ~71 

Be ides these bridged caJ.ixarenes. a calix[6]arene capped with a ri gid tripodal bridge 

(19) was also synthe ized.12'JI In the case of compound 19, the conformation of the calix[6]arene 
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macrocycle is considered to be frozen on Lhe NMR time scale. 

19 

Selective bridging of a macrocyclic sys tem is al o effective for the calix [8]arenes. 

Compounds 20 and 2 1, which ha e one and two xy.l lene units. respectively, were syntJJesized. t'01 

love ti gation of the ir structural features revea led that the conformational isometization of the 

macrocyc le is considerab ly restricted on the NMR time ·cale . 

R R 

R R 

R R 

20 21 

1.7. Conformational mobility of bridged cH lixarenes 

As d·iscus etl above, bridged calix[6]arenes have higher conformational ri g idity in 

compari on with other calix[6]arene derivatives without a bridge. They can also be utilized as a 

molecular platform with multi -functions if more than one substituent are introduced on tl1e rig id 

macrocycle. However, tbe conformation of the. e bridged calix[6]arenes is not complete ly fi xed 

with regru·d to non-bridgehead aromatic rings. The author' group has itwes tigated that the 
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confonmttional mobility of m-xy ly lcne bridged calix[6]arene 22 with four remaining hydroxy 

groups and it · methy lated derivative 23."'"1 While the conformation of tetrahydroxy compOLmd 

22 was stab ilized by a ·trong hydrogen bonding network, telramethyl derivative 23 underwent 

flipping motion of non-bridgeheml aromatic rin g& even at room temperature. It is necessary to 

rest rict such kind o f motion for the use of these molecules a;. a rigid molecular platform for 

further e laborate !'unctionali zati on. 

22: R= H 
23: R =Me 

1.8. Confonnationally frozen isomers of ca lixarenes and their applications 

The alllhor\ group ha, isolated two confonnationally frozen isomer of bridged 

calix!'6Jarenes 24a (cone) and 24b (1,2,3-allernate) by introduction of benzyl group. to the lower 

rim (Scheme 1-9). 126
"1 

Scheme 1-9 

22 + 

24;:1 (cone) 24b (I ,2.3-ali ernmc) 

This fact indicates that the conformational mobility of bridged ca lix[6)arenes cao also be 
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suppressed by ;.imple sub;. titution of thei r lower rim s imilarl y to the cases of ca lix(4]arenes anti 

calix(5]arenes. The comp letely different structures of isomer' 24a and 24b are especially useful 

for the invc~tigation of properties ;ucb as phy;, ical pmpenies or reactivity re lated to the tructural 

cliJfercnce. Reactiviti es of the selcnenic acid> embedded in two conformationally frozen 

isomers 25a and 25b are reported to be different from eac h other (Scheme l-lO).ns'·0 

Scheme J-10 

25a 

25b 

11-BuSH rexce;s) 

CDCI1 
r.!.. 4 h 

u-BuSH (c::<~cs.S) 
...... ............... //--· ___ .,, ....... _ 

CDCIJ 
50 ' C. 12h 

No reaction 

More ver, the conformationally frozen bridged calix[6]arenes can be u eel as a 

molecular platform for further synthetic elaboration. Introduction of coordination si te to a 

calixarene framework cm1 lead 10 a new type of multi-dentate ligm1ds for the transition metal. , 

and a number of the ir complexes suc h as 26 have been repotted.1·" 1 The conformational isomers 

of the bri lgcd callxl.6Jarenes me also expected to act as a structurally well-defined ligand for 

transition metal . Furthermore. the bridged calix[6]urene framework bearing a central bridging 

unit cou ld have a larger number of coordi nation si tes than calix[4]a reoe as well as other non­

bridged cal ix[6larenes. 
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M =Zr. Ti. Mo.\ .. 

26 

The cavity or the cal ixw·enes has also been utilized as a reaction field for the 

incorporated species in it and the unique properties in nano-scale microenviJ·onmem have been 

reponed. Such u ·age is especially effective in lhe ca. e of the cal ix[6]arenes wi th a larger cavity 

as i> ·een in molecule 27 -"' 1 Thi type of complexes, however, were based on the non-covalent 

interactions and only the averaged properties of the omplexed and dissociated guest species can 

be invcstig<ued. If a species to be studied i covalen tl y anchored in the cavity with well-defined 

geometry. the behaviors of the species in a microenvironmenL in the cavity of the calix[6jarenes 

can be wrdied more definitely in relation with the structural feanrrcs of the macrocycle. 

so,-

@ 

27 

In hi> master course, the mnhor ·ynthesiz.ed the bridged cyclopha.nes 28 bearing a 

chromopho re in the cavi ty. which have a Framework similar to that of the bridged calix[6]arenes, 

and inves tigated the micropo larity around the chromophore.1" 1 It is expected that the 

microenvironment in the cavity of the bridged cal ix[6]a renes also provides a unique reaction fie ld 

for the funcLional group on the covalently anchored bridging unit. 
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+ 
Y = NAc, NMc2 Cl 

28 

1.9. The aim of this thesis 

In thi s clocto t·a l thesis. the author wi ll desc ribe tbc syntbe es and structures of the 

conformationally frozen i omers of bridged calix [6]arenes as well as their applications. 

Investigation on the synthetic methods <Uld trucwraJ features o f the con.fonnationally frozen 

isomers or the bridged cal ix[6]arenes will be explicated in Chapter 2, which provides the bas ic 

information for the use o f the framework as a molecular platform for further s mhe tic e laboration 

and as a reaction fi eld. These conformational i orner · are expected to exhibit diffe rent phy ical 

propetties. wh ich will be discussed in Chapter 3 from the viewpoim of the aggregating propert.ie. 

of the water-:,oluble deri vmives. The rigid framework based on the bridged calix[6]arenes is 

also utili zed as a ligand l'o r tran. ition rnemls, which is expec ted to give structurall y well-defined 

complexes more easi ly. In vesti gation on the synthesis of transi ti on metal complexe us ing the 

calix[6]arene li gand will be de ·cribed in Chapter 4 . This rigid ca lix[6]arene macrocycle can be 

also uti lized us a reaction field for the cova lently anc hored redox-active moiety. 

Electrochem ica l properti e and the reactiv ities of the quinone-bri dged cal ix[6]arene · will be 

described in Chapter 5. 
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2. I. Introduction 

ynthcsis of calix[6]arenes bearing a rigid aromatic bridge i!, one of the mo. t promising 

method to con>truct structura ll y well -defined macrocyclic framework. One-step synthesis o f the 

A,D-bridged calix[6)arenes with a m-xylylene unit (2 and 3P'~"'1 or a p-xyly lene unit (4 and 

S)ft "l have been reponed by Shinkai. GUl:chc, and LUning as well as the author's group (Scheme 

2-l ). Some appl icati ons using this framework such as stabili zation of highly reactive 

peci' -t'8""'1 or LUtge H:i concave reagent. tnt have been reported. 

Scheme 2-1 

X X= H. Y = H (2A ) 
CH.-RCH, z; CH~CH, X= CI . Y= H 

4 z; 
,_ I 

X= Br, Y= H (28 ) 
y X=l.Y=H 

X= S(l-Bu). Y = H X=H 
X= 3· y = H X=Me 
X=CN, Y=H 
X=C02M e, Y = H 
X =N02, Y=H 
X = H, Y=r-Bu 
X=Br, Y= r- Bu 

{} 3 z ; CHY CH, Y=H 5 Z = ,_I Y = OMe 
CH CH, 

y h 

Most or the structures of the rep011ed calix[6]areoe bearing an aromatic bridging unit. 

however, have not been elucidated sufficicmly , which is partly because some of the aromatic 

rings of their calixarene rnncrocycles undergo flipping motion in solurion[ 28fl The author's 

group has reported that the introduction of bulkier groups such a benzyl group to the lower-rim 

is effec tive for re triction of this motion, wi:Ucb affords two conformationally frozen i.·omers of a 

calix[6jarene (6a and 6b, Scheme 2-2).128<11 
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Scheme 2-2 

<J--s, 
Base + 

213 6a coni! 6b 1.2.3-al!crnatc 

In th b chGpter, the synthe,is or the conformational i ·omers of the m-xylylene bridged 

calixJ'6]arene are cLisc u ·sed as well as the selecti vity of the formation of these i omers. Their 

structural fea tures in the cryStalline ~tale are aJ ·o delineated. 

2.2. Const ruction of the bridged ca lix[6jarene framework 

The bridged cali.x[6]arenes can be w mhe ized by coupling of the macrocyclic unil. p­

terr-butylcalixi6]Grene ( 1). and the bridging unit. 1,3-bis(b romomethyl)benz.e ne derivatives 7. 

The mucrocyc li c unit 1 wa. synthesized from 4-ten-bu tylphenol in one step procedure according 

to the lit erature .1'b1 The bridging units 7.B1" 1 and 7112"n were prepared according to the lit erature . 

Synthetic methods for the compounds 7C,il~ 1 7£,1'61 7FY'1 and 7G1381 wer previously reported. 

blll improved procedures were used as hown in Scheme 2-3. Compounds 7D and 7H were 

symhc. ized acco rding to Scheme 2-3. 

Scheme 2-3 

y 
Br 

sc 

7A: X=H, Y = H 
713: X = Br. Y = H 
7C: X = H, Y = Br 
7D: X = C=CSiMcJ, Y = H 
7K X= C-=CI'h, y· = H 
7F: X= OMe. Y = OMe 
7G: X=OMe. Y=Br 
7H: X=SMe, Y=Br 
71: X= Sc(n-Bu), Y = H 

NBS, cat. BPO/CCI4 

28% 

7C 
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RC=CH NBS. ca t. 13PO/CCI4 

SD: R = SiMo1 (92'1f l 
XE: R = Ph (7 1 '1f ) 

Q HCHO. 0 1-1 H~: OH Mel . K2C0 1 .. ~ 
H20 atc.:: tone 

y y 

LOF: Y = 0Mc 
lOG: Y= Br 

L3 

li F: Y=0Me(47%) 
I LG: Y = Br (74%) 

1) uq. H2S0 4, aN02 
2J EtOCS, K 
3) LiA!H.{rHF 
4J Me l. K OI-1/ac. EtOH 

12F: Y = OMe (76%) 
12G: Y = Br (77%) 

NBS. ca t. 13PO/CCI4 

8H (55%) 

~ 
Br~Br 

70: R = Si!v!e1 (34'1! l 
7E: R = Ph (9%J 

~ B. y Br 

y 

71<': Y = OMe (67'11.) 
7G : Y = Br (69%) 

~ B. y Br 

Br 

7H t31%) 

Bridging reaction of 1 were carried om according Lo the reponed procedurest25"·"•.J.•t in 

the presence of aH or KOH in THF-DMF ( 10: I) to afford the bicyclic products 2 in relatively 

high yie lds (Scheme 2-4). The results are shown in Table 2- J. In the reaction of 1 wilh 7D (X 

= C=CSiMe,. Y = H), the LrimeLhyls ilyl group was removed under the reaction conditions to 

afford the bridged cali x[6]arene 2J (X= C=CH , Y = H) with a terminal acety lene moiety. 

Scheme 2-4 

KOH or NaH 

THF-DMF ( I 0: I) 

2 
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Table 2-1. 

7 

A 
B 
c 
D 
E 
F 
G 
H 

Result> of the bridging reaction of p-tert-butylcalix[6]arenes. 

X y product condilions yield/% 
H 1-1 2A I 68 
Br l-1 2B li 89 
]-[ Br 2C 91 

C=CSiMe, H 2J'' II 96 
C=CPh H 2E u 76 

OMe OMc 2F If 88 
OMe Br 2G u 73 
SMe Br 2H ][ 68 

Se(II-B LI ) H 21 IT 80 

ref 

[25a] 

[28b,fl 

[28e,(] 

Condition' 1: NnH. '1"1-IF-DMF ( I 1: 1 ), rcOux , I d. Conditions U: KOH, THF-DMF ( 10:1 ), n , I d. 

The st ructural feature and dynamic behavior of the teu·ahydroxy compound · 2 in 

solution have been reported in detail by the author' - groupP"'I and LUning's group.121' ' but there 

ha been no ex•u11p le of the determination of their crystal structures. The crystals of the bridged 

cal ix[6]arenc 2B (X = Br, Y = l·lJ suitable for X-ray analysis were obtained from the chloroform 

o!u tion. which was found to be li ab le to lo. e the . olvent. The structure of 2B is shown in 

Figure 2-1. The calixarene moiety adopts a ·'pinched cone" con.formalion. where the calixarene 

macrocycle i> pinched at the C" and C11 po>ition~. 

(A) side view 

Figure 2-1. X-ray structure of 2B (X= Br, Y =H). Disordered atoms and hydwgen atoms are 

omitted for clat:i.ty. 
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In the molecule of 28, there were observed the cyclic array of the hydrogen bonds 

bwveen the O I-l groups and the ether oxygen atoms (2.68-2.82 A), which is considered to 

stabilize the .. pinched cone" conformation. It is o f n o t ~ that the bri dging unit llcs outside in 

such a way that it fo nllS tJ1e bottom of the cone. The author's group 1 reviously reponed that 2B 

has a .. pinched cone" conformm.ion based on the NMR ':tudy and mo lecular mechan ics 

cal culati ons1'"b1 whereas Llln ing·s group rr posed a " half- pinched/half-winged" conformati on for 

28 (Figure 2-21"''1
. The confonnati on of 28 found in the crystalline state strong ly supports 

their ta king a ·'pinched cone' ' conformati on aJ o in so lut.iou. 

"pinched cone" "hal f-p i need/hal f- wi ngcJ" 

hy our group by LUning's group 

Figure 2-2. Two proposed conl.ormations of2B . (ref [27e,28b]) 

Crys tal structures of 2A (X = Y = H), 2C (X = H, Y = Br), and 2J (X = C=CH, Y = H) 

were also establi shed by X-ray analyse:, showing the "pinched cone" conformation imilar to that 

of 2B (Figure 2-3) . 
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2A 

Br 

2C 

2J 

Figure 2-3. X-ray structures of 2A. 2C, and 2J . Hydrogen atoms and disordered atoms are 

omi tted for clarity. 

T he bri dging unit of 2A and 2C locate, however, under the cone with an inc linati on of 

60.5° (2A ) and 60.4° (2C) to the average plane or the macrocyc le, which i considerably larger 

value than those of 2B ( 18.0°) and 2J ( 19.6°). The previou study on the dynamic behavior 

showed that the tetrahydroxy compounds 2 undergo swinging moti on io elution as depicted in 

Scheme 2-5."''·28
bl The barrier of this motion wa reponed to de pend on the bulkiness of the 

functi onal group X on the bridging unit. The larger inclination of 2A and 2C (X = H) can be 

ex plained by the smaller barrier or the winging motion of the bridging unit of2A and 2C. 

Scheme 2-5 

CJ? 
y~O 

~ 
O~y 

u 
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2.3. Possible isomer·s 

Supposing that the arylmetbylaUon of the bridged caJix[6 iarcnc. restricts the llipping 

motions of the four non-bridgehead aromatic rings of a caJixarene macrocyclc. fonmuion of tile 

seven conformational isomers is expected. which is derived from the difference of the orien tation 

(11p and dmm)1 of these four aromatic ring> (Scheme 2-6). In this discuss.ion , the orientation of 

tile bridgehead aromatic rings is assumed to be not restri cted (described a~ a wildcard "# ") 

because it is diflicult to determine their orientation by the NMR data: for example, the 

(u ,u.u,u ,u.u ) isomer and the (d ,u.u.d.u ,u) isomer ohow the a me spe tral ymmetry. 

Scbeme2-6 

R 

R A 

(lt.u.u.#.u,u) 

(#.u.u.#.d,d) 

~ ® y y 
y y 

llp down 

(#,d,d.#,d,d) (#.u,u,#,d ,u) (#,d,d.#,u,d) 

(#.u.d.#,u.d) (#.u,d,#.d.u ) 

©: up conformntion 
0: down conformation 
e : bridgehead , unknown conformation 
0: bridging unit 

1 
The modified ··up/down" nomenclature was used for the bridged caUxarencs in this thesis in order to distingui~h the 

diffcr~nt or1cntation (up/dow, ) of arom:uic rings a compared with Lhnt of bridging unit. The ' ·up'' is dclined as Lhc 
conformaLion where its upper rim orients the same direction ns X grour on the bridging unil docs as depicted in 
Figure 2-~-
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2.4. Aryl methylation of the bridged calix[6]ar·enes 

Arylmelhy laLion of I he lctrahydroxy derivatives 2 was achieved by two methods: NaH. 

THF-DMF (I 0: I ). rellux (mc1hocl A) and Cs1CO,, DMF, 70 oc (meLhod B). In these conditions, 

up to four .:on formational i ~omcrs (a. a' , b. and c) were obLained (Scheme 2-7). 

Scheme 2-7 

R 

R R 

R 

R =- H. r~llu 
X : II. Br. 0 k Sl•,Je. 

Ol:CH. C:C'Ph, St!(II-BU) 

Y=I-L ikO~·h! 

+ 

u' 

15-88% 

+ 

Method A NaH/THF·DMF(IO:II 

McthmJ H. C:.1C011DNIF 

Ar::: Ph, -l-ll1C6H,1• 4~NCC6H~ 
4--(AcN Mi! lCr,l-1 4• -l·pyridyl 

+ 

I .:U-allcrnntc 

0-314(, 

part1al cone 

0-JO% 

The 1·atios of the isomers or ihe letrasub Liluted products are ·ummarized in Table 2-2. 

IL wa~ found I hat the cone isomer (a or a' ) i predominanlly formed irrespecti ve or Lhe conditions 

and the ubstiluents on the ca lixnrenes or the aryl methyl groups. The three i somers other than a, 

a' , b, and c among the poss ible seven isomers were not obtained.' 

' LUning <'I al reported that the bcnzyliuion of P. ridine-bri<lged calix[6]arenc 3 (Y ~ H) afforded a tcirnbenzylated 
comJX)und w ith the conformation of fl attened (u,u,d.tLu.d) conformation in 7% yi~Jd.Jl7et l'ts Structure wns. however, 
not sufl'iciemly clucidutcd. 
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Table 2-2. Re~ ulls o r the arylmethyJation of bridged calix l6]arenes. 

'Base: aH t) 'Base: Cs2C03 
2l 

entry R X y S.M. Ar product a b c a b c 

1-Bu 1-1 H 2A -o 15 63 6 89 0 0 

2 -o-~' 16 39 2 16 !'\ 
Ac 

3 -o-IJc 17 33 0 30 88 0 0 

4 1-B u Br 1-1 2B -o 6 58 16 0 62 14 0 

5 -Q-~'" 18 59 l l 0 64 22 0 
Ac 

6 -Q-cN 19 0 0 0 83 16 0 

7 -c 20 0 0 0 55 II 0 

8 l-1 Br 1-1 14 -o-J\Itc 
21 35 31 !'\ 

Ac 

9 -eN 22 66 7 0 

10 1-Bu H Br 2C -o 23 52 0 4 77 0 0 

II 1- Bu C=CH H lJ -o 24 70 0 0 

12 1-Bu C=C Ph H 2E -o 25 15(a' ) 12 0 0 0 0 

13 1- Bu OMe OMe 2F -o 26 27 10 3 87 0 0 

14 1- Bu OMe Br 2G -o 27 35 7 7 93 0 0 

15 1- Bu SMe Br 2H -o 28 48 0 0 

16 1-Bu Sc(n-Bu) 1-1 21 -o 29 59 (a' ) 4 0 92 (a' ) 0 0 

I ) aHffHF-DMF ( 10: 1). rc ll ux. 1-4 d. 21 Cs2co,tDMF. 70 •c, t-2 d. 

Although both or the methods A and B gave almost the ,ame re. ults, there was ri ll 

. ome differe nce~ in the total yie ld of the tetrasubs tituted products a · well as in the ratios of 

isomers between the condjtj oJJ s A and B [or some kinds of the ary.lmetbylming agent. The 

condition. B were effecti ve when 4-(chloromethyl)pyridjne hydrochloride or 4-cyanobenzyl 

bromide was ttsed as the arylmerhylating agent (e nt ry 6 and 7) . On the other hand, the 

cond itions A were effecti ve for the preparation of phenylethynyl deri vati ve 25 (emry 12) while 
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disubs tituted product 30 was ob tained in 75% y ield by using the conditions B . T he ratios of 

i somer~ were sli ghtl y in ll uenced .:liso by the subst ituents on the bridging uni t or the upper rim of 

the ca iLxarene. Us ing the cond itions A, the isomer c was obta ined in 5-30% yields when 2A 

was used (entry 1-3) whereas the isomer b was ob1ai.ned in a relatively good y ie ld (3 1 %) when 

compound 14, without ten-bu ty l groups at the upper rim, was used (entry 8 and 9). 

30 

It was also found that the bulkine of the subst ituent · on the br idging unit (X and Y) 

plays an important role io determin ing which of the isomers a and a' is formed. The reacti on of 

I he phenyleth ynyl derivative 2E or n-bu tybeJeno derivative 21 wi1h benzy l bromide aJiorded the 

cone i. omer a' a major produc t (en lry 12 and 16), who.e confonna tion was determined to be a', 

not a, by X-ray analyses as well a the NMR stud i.es. The factor which detenn ines the 

conJonnation of 1he cone isomers (i.e. a and a') wi ll be discussed later. 

2.5. Structural cban1ctedzation 

The structures o( the conformational isomer. can be determined by the symm · try of the 

11-1 NMR . ignals. The predi cted patterns of the ·igna ls of the expec ted seven isomers are l isted 

in Table 2-3. Tf turnstil e-li ke rotation of the bridging unit is hindered, the pattern of the signals 

ru·e classified into ri ve pallerns (Table 2-3. pallern I-V), whil e the rotati on occurs, more 

sy nu11eu·ic patterns are e pee led (Table 2-3, pattern JI', r.n·. and IV '). 
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Table 2-3. Pauerns of ' H NMR signals for the possible isomers of Lhe bridged calixarencs. 

Pnucrn R (-t-Bu, H) A1CH,Ar ArOCH,Ar COITCS[!OOdintf ISOmer 
I , x :! (4:2) pair of u x 2 (4:21 pair of d X I ( 4 ). S X I (2) (#.u.u.#,u,u) and (#,d,d,#.d,d) 
II S X :1 (2:2·2) pnir ol d x 3 (2:2:2) puir of cl x 3 (2:2:2 J (#.u.d.#,u.cl) 
Ill S X l (2.:2:2) pnir ofd x ~ (2:2: 1: 11 pnu- of d x 3 (2:2:21 (#,u.u.#,u.dJ 
IV .<X~ (2:2: 1: 1) pair' f d X 3 (2:2:2) pttir of d x 2 (2:2)., x 2 (I : I) (#.u.d.#,d.u) 
v 'x6 11:1:1 :1· 1:1) pair of d x 6 (1 · 1· 1 ·1.1 : I ) puir of d x 6 ( I : I : 1· 1:1 : I J (#.u,u.#,u,d) and (#,d.d.#.d.uJ 
II' ,x2 (4:21 pa~rofd X I (41. s X 1(21 pnirofd x2 (4:2) (#.u,d,#,u,d) 
III ' sx2 (4:2) pair of d x 2 ( 4 :2) pair of d x 2 (4:2) (#.u.u.#.d.d) 
IV' s X 2(4:21 pmr ofd x I (4).sx 1(2) pa~r of d X I (4), s X I (2) (#,u,u,#,d.u) 

Figur~~ in fXJ. rcnlhc~c~ indicalc lh<: integral rati o~ of the signals. 

/\ cording to Table 2-3, 1hrce i'omcrs of the po s ible ;even ones. 1hat is. (lt.u.d.#,u.d). 

(#.u,u,#,d.d). and (#,u.d,#.d.u) can be diffcrentiat.ed by the signal pallern and the re~t four i omer· 

are livided into two panerns: one is paucrn I, which corre;ponds to (#,u,u,#,u,u) and (#,d.d,#.d .d), 

and 1he o1her pmtern V, which corresponds to (#.u.u.#.u,d) and (#,d,d,#.d ,u) . The 

experimentally obtained a.rylmethylated compounds of the bridged calix[6larenes showed four 

types of signal pauerns, I hat i. , pallcrns I, IV, IV', m1d V. The structures of the isomers which 

show pauern IV and IV' were determined to be 1he l.2.3-alternate b (u ,u.d ,d,d,u) by X-ray 

analyse> ( ••ide inji'a). The >tructure~ of the isomer'> howmg pauerns l and V are difficult to 

c'tabli. h ba:ed only on 1he 1 MR daJa because one cannot di lingui h (#,u.u,#.u,u) from 

(# .d,d.#.d.d). bolh of which show paltcrn I, and (#,u,u.#,u,d) from (#,d ,d,#,d ,u), both of which 

~how paucrn By X-ray analyses. the compounds showing pauern f were found to take either 

of two cone conformation. , a (u.u,u,u,u,u) and a' (d ,d,d.d,d,d) depending on the bulkiness of the 

sub~titucnl. (X and Y) on the bridging unil (vide infra). 

The stmclure of one of the compound showing pattern V was also es1ablished by X-ray 

analysi, to be the partial cone isomer c (u ,u,u,u,u.d). This conformation corresponds to the 

isomer (#.u,u,#.u,d) in Table 2-3 and not to the isomer (#,d,d.#,d,u). The su-uctures were also 

corroborated by the 1 H NMR s1udies. The signa l. of the protons on the bridging unit of the 

isomer (# ,d,d,#.d ,u) are expec ted to be shifted to the high field (3.8-4.7 ppm) by analogy with the 

isomer a' (d ,d,d ,d,d,d ). On the other hand. I hose of the isomer (#,u,u.lt,u.d) are expected to be 

obse rved nt the normal region (6.4-7.2 ppm) by analogy with the corre pondin 0 cone isomer a 

(u ,u.u.u.u,u ). From the observation of th~se s i gnal~ at the normal region (6 .6-7.0 ppm), the 

conformation of the obtained iso;ner showing pattern Y is considered to be (#,u,u,#,u ,d). 

The sub; tituent on the central bridging unil (X) is cons iderably enveloped by Lhe 

ca lixarene framework espec ially in the ca e of the i omer a . For example, the 'H MR 
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chemical :- l1ifl of the methoxy group o r the cone isomers 26a and 27a (X = OMe) was around 

0.95 ppm. which indicates that the functional group at. the X po ·ition is magnetically sh ie lded t.o a 

great extent. On the other hand. such a strong upJ'ield shift or the subst ituent X was not 

observed for the i. omers a' and b. Instead, an upfield shift. of the aromatic protons on the 

bridging unit was observed (o = .5-4.8 ppm). The chemical shift. of the substituent> of lhe 

briuging unit f event! compound~ are summarized in Table 2-4. 

Ta llie 2--t Chemical >hifo, (8) of th~ substilllent> on the bridging unit (X, Y) 

comp und X y aromatic 

IS a 1-1 5.61 H 7.00 7.06 

6a Br H 6.68 7.09 

23a H 5.55 Br 7.28 

24a C'=Cl-1 0.50 1-l 6.90 7.17 

26a OMe 0.95 OMe 3.36 6.68 

27a OMe 0.95 Br 7.40 

28a SMe -0.25 Br 7.36 

25a' C=CPh 7.65 (o-) 7.2 (111-) 7.28(p-) H 4.74 3.86 

29a' Se(n-Bu) 2.75 (I-) 1.35 (2-) 1.1 0 (3-) 0.77 (4-) H 4.48 3.88 

15b H 4.66 H 6.08 5.30 

6b Br 1-l 6.1 I 3.55, 6.83 

2Sh C=CPh 6.67 (o-) 7. I I (111-) 7. I l (p-) H 6.25 3.53, 6.82 

26b OMe 2.14 OMe 3.05 4. 14, 6.18 

27b OMe 2.2 1 Br 4.75, 6.75 

ISc H 5.3 I H 6.59 6.96, 6.97 

23c H 5.26 Br 6.71, 7.22 

26c OMe 1.36 OMe 3.37 6.39. 7.04 

27c OMe 1.40 Br 7.05, 7.75 

2.6. Conformation in the crystalline state 

The cry ·tal t.ntcture of the conformationally frozen bridged calixl6]arenes have been 

little known except for the cone i omer of bromide 6at'Sdl and selenenic acid 3Jat2l!el ln thj s 

section, crystal s tructures of the isomer of aryl methylated bridged ca lix[6]arenes are delineated. 
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6a : X= Br 
31a: X = ScOH 

The structures of the isomer a of benzylated bridged calix !6 ]arenes , 6a (X = Br{'""1 and 

24a (X = C,;C Ji ). are shown in Figure 2-4. The caJix [6]arene moiety adopts a cone 

confonnation: all of the s ix benzene ring; of the calixl6 1arene moiety are directed upward <Uld all 

the benzyl groups at 1he lower rim; ;u·e directed downward. The substituent on the bridging uni t 

is complete ly surrounded by six aromatic ring .. which is cons istem with the observalion of the 

signal of the terminal acetylenic proton of 24a ar 0.50 ppm, high-fie ld shifted by about 3 ppm 

from the normal region. 

6a 24a 

Figure 2-4. X-ruy structures of cone isomers 6a and 24a. Hydrogen atoms are omitted for 

clarity. 

The structure of the isomer a' of the benzy lated bridged calix[6]arenes 25 (X= C,;CPh) 

and 29 (X = Se-11- BLl) are . hown in Figure 2-5. The calix[6)arene moiety adopt a cone 

conforma ti on similarl y to the isomer a. but the bridging urtit is oriented to the opposite direction 

in comparison wi th the i omer a. In this isomer, the aromatic ring of the bridging unit i 

enveloped by the calixarene macrocycle. which is cons istent wi th the high field shiJL of the ' li 

NMR ~ i gna l s of the aromatic protons (3.8-4 .7 ppm, Table 2-5). 
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25a' 29a' 

Figure 2-5. X-ray structu res of cone isomer 25a' and 29a' . HydTogeo atoms aTe omitted Jor 

clarity. 

The . truclllre of the isomer b of benzylaled calix 16]aJ"cnes 6 (X = Br) and 25 (X = 
C;;CPh) arc shown in Figure 2-6. The calixl6]aJ"ene moiety adopts a I ,2.3-alternatc 

conformation. where three adjacem benzene rings are directed upward and the other three 

downward. ln the crystalline tate, there is a pseudo inver::.ion center in the e molecules 

resulting from the di order of the bridging unit, to form the crysta llographic center of symmetry. 

6b 25b 

Figu1·c 2-6. X-ray ;, tructures of 1,2,3-alternate isomers 6b and 25b. Disordered atoms and 

hydrogen atoms are omitted for clariry. 
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The structure of the ptmial cone i ~omer c of benzylated calixarcne 27 is sho wn in Figure 

2-7. The cal ixarene moiety nd pts a panial cone conformation. where one of the six benzene 

rings oriented downward and othe r fi ve upwtu·d . In thi s case, the bridgehead benzene ring · have 

"up" conronnution. but one o f them between the benzene rings or "up" and "down" Jeans mttward. 

This is the first example of the crysta llographic <maly is of a cal ix[6]arcnc bearing a partial cone 

conformation. 

Figure 2-7. X-ray structures of t\vo independent molecules o f 27c. Hydrogen atoms are 

omitted for cla rity. 

2.7. Solva te formation 

It was found that . o me of the bridged calix[6jarene derivatives contain a large number of 

so lve nt molecules. Halogenated olvenr mo"lecule are prone to be included in the crystals, 

especial ly in the case o f tetrahydroxy compounds 2B and 2J a well as the pyridylmethyl 

derivative LSa (Table 2-5). 
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Table 2-5. 

com pd. conformation solvent ratio cavi ty 

2A pinched cone Cfi l-16-McCN 1:1 : 1 0 
2B pinched cone CHCJ, I :5 0 

2C pinched cone C6L-I. -MeCN 1:1:1 0 

2.1 pinched cone CHCI 1 I :5 0 

6a cone (a ) p-xylenc 2: I 0 

6b I ,2,3-alterna tc 

20a cone (a ) C2H2CI4 1:5 0 

20b J ,2,3-aJternate CHCI 1 1:2 0 

22a cone (a ) THF 1:2 0 
24a cone (a ) 

25a' cone (a' ) 

25b I ,2,3-alternate c . H. 1:4 0 
27c partial cone 

29a' cone( a' ) 

32 (cone ) CI-ICI , I :2* 0 

33 (cone) CHCl1 [:3 I 

34 1.2,3-alternate CHCI , 1:2 0 

35 cone (a ) C6H6 1:2 0 

*Two chlorbform molecules arc located in the Lhrce .... ites. 

It was also found that no solvem molecule is incorporated in the cavity of the 

ca lixf6]are ne except for compound 33 bearing two (4-pyridyl)methyl groups in the diagonal 

po. it ions (t•ide infra ). This fact can be explained by the "self-inclusion"; the cavity is filled up 

by the bridging unit insr.cad of the so lvent molecules. Even if the substituent on the bridging 

unit is small enough to leave a vacant space in the cavity, one or the ten-butyl groups of the 

upper rirn at tbe calix[6]arene collapses into U1e cavity to exclude the solvent mo.Jecules in many 

case;,. 

The packing diagrams of the crystal of isomers 20a and 20b are shown in Figure 2-8. 

looking down along the crysta llograp hic a and c axes, respectively. It i · of note that the 

cali xarene molecu les in the cry. tal of 20a are completely surrounded by the solvent molecule, 

although the calixm·enes are stacked along the a axi without the solvent molecules. On the 

other hand , lhe crystal of the I ,2,3-alternate isomer 20b contains only two solvent molecules. 
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cone isomcr20a 

C9gH IO';BrN406·5C~ HiCI4 

Figure 2-8. Pack ing diagram of the two isomers of 20. 

2.8. Molecu lar mechanics calcu la tions of the isomers 

I ,2,3-alternare isomer 20b 

Cg3H 109BrN406·2C HCI3 

Figures 2-9 and 2- 10 show the cry. tal strucrure of the two isomers of the pyridylmethyl 

derivat ive 20 (X = Br. Y = H). The ellipse made up of six benzene rings of cone isomer 20a is 

somewhm la rger than that of 1.2,3-al ternare isomer 20b, where the rwo non-bridged m·omatic 

rings and the central benzene ring are almo t parallel with Lhe disUUlce of about 3.5 

Figure 2-9. X-ray structures of i!.omers 20a and 20b. 
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Figure 2-10. Top view of the molecu lar structures of 20a and 20b. 

The molecular mechanics calculations of 20a ;md 20b were carried out using the 

molecular modeling sys tem MacroModel V.6.51-'91 with the MM 3* fo rce field. The lowest 

energy structures of both isomers were round to bees ·entia!Jy the same as their crystal su·uctures 

in regard to the conformation of the calix(6]arene macrocycle and tbe bridging unit altho ugh 

there are small differences in the orien tation of the 4-pyridylmethyl moieties (Figure 2- I I ). lt 

wa also found that the cone and the 1,2.3-altern ate isomer ba e similar thermodynamic stab ility 

(337.33 vs 335 .23 kJ mol-1
) . indicating that the predominant format ion of the cone isomer in the 

pyridylmethylati on of 2 is due to the kinetic reasons. 

). "\ __ \_, 

~-~JI 

c_ 
cunc isomer 20a (337.33 kJ/molt 1.2.3-allcrnnte isomer 20b (335.23 kJ/mol 

l?igure 2- U. Energy-minimized structures of 20a and 20b (MM3*, GB/SA CHCI3 . 
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2.9. Intermediates 

In order to understand the reason why the cone isomer is formed predorninantly, the 

intermediates formed in these reactions were investigated us ing the reaction of 2B with 4-

(chloromethyl)pyridine a · an example. Separation of the reaction mixture of 2B and two 

equivalenL~ or -+-(chloromethyl )pyricline hydrocllloricle using both of methods A and B gave some 

in tcnncdi•u·y species (Scheme 2-'>). 

Scheme 2-9 

2B 

33 e: 4-pyridylmethyl 

32: R = CH24-pyridyl 33: R = CH24-pyridyl 

When aH was used as a ba e (conditions A), mylmethylati on with two equivalents of 4-

(chloromethyl)pyridine hydrochloride afforded a clisubstituted Lierivative 33, which has two 

pyridyltnell1yl group& in the diagonal positions, as well as the starting material and the 

tetrasubstitut.ccl products. On the other lumd, when Cs2C03 was employed a. a base, the similar 

reaction gave a different disubstituted product 32, which has two pyridylmethyl groups in the 

adjacent po,itions. 

The reason why ilie different imermediates are formed in these two cases may ha e 

relationship to the hardness of the counter cations of bases. After the first alkylation, the 

interaction between the sodium cation and the remaining phenolate oxygen atom is so strong 

because of tlle hardness of the calion that the ·econd alky lation on the same . ide of the bridge 

proceeds more s lowly than that on the opposi te side. On the other hand , interaction between a 

ce ium cati.on and the remaining phenolate oxygen atom is weaker than the case of a sodium 
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cation, w hic h re,u lt> in l11e faster second a lky lation on the same ~ide (Sc heme 2-1 0). 

Scheme 2-LO 

firs t s1~p 

ArCHzX base ___ ,_ 

:'\~contl step 

base 

From the above analyses. the confo rmation or the tetra; ub>tituted product is considered 

to be determined in the second step. If the second ary l methyl group is introduced in the sa.me 

orientation as the first one (i.e. up and up), the cone isomer is fom1ed, and if the opposite 

direction (i.e. up m1d down), 1.2,3-alternate isomer is fom1ed. 

On con. idering the fact that the cone isomer was formed predominantly, the benzene 

rings of the ca li xarene framework <u·e almost fixed in the same orientation during eac h s tep of the 

reaction. Tlus can be ex pl ained in tenn of the intramolecular hydrogen bond ino o r the 

chelatio n of meta l calion be tween the oxygen atoms . The poor se lectivity in 1he ca e of the 

reaclion using N~tl-1 may res ult from two fa tOrs. One is thm the s lower reaction of the second 

tep causes >O me conl'o rmatio na l inte rconver ion to the precur ors of the isomers b and c. The 

other factor is l11at the reaction of l11e second s tep proceeds in the moiety separa ted by the 

bridg ing unit from the ary lmethylated oxygen in the fir t step. 

The StruclUres of disubstituted products 32 and 33 were established by X-ray s tructura l 

anal yses (Figure 2- 12). It was fo und that compound 32 exists in dimeric fonn1401 in rhe 

crystalline ta lc (Figure 2- 13); tl1e two molecules we re bound to each other by hydrogen bonds 

between the py ridine and the phenolic hydrox yl g roup (0-N: 2 .8 1 A) as well as Lhe 7r - 7r 

tacking f the benzene rings of the centra l bridg ing unit (3.25 A). 

On the other hand, compound 33 exi ts in mono meri c fo rm in rhe crystalline state a.nd 

the two hydroxy gro ups were invo lved in hydrogen bonding towru·d the adjacent ether oxygen 

atoms. lt is of no te that a ch lorofom1 mo lecu le is incorporated in the large void cavity of 33 . 
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32 

Figu1·e 2-12. X-ray structure. of disubstituted compounds 32 and 33. Disordered atoms and 

solvent molecule. arc omi tted except for that incorporated in the cavi ty of 33. 

Figu•·e 2-13. X-ray Lructure of 32 haw ing it.s dimeric form. 

There are two kinds of cone isomer. a and a' of the tetr asubsti tuted products. The 

bulkines> of the substituent · on t.hc bridging unit is con idered as a factor determining which 

i omer is fanned. The tetrahydrox y compounds 2 adopt the conformation with the bridging unit 

lying under the macrocycle irrespective of t.he bulkine s of rhe substi tuents X and Y. neither of 

which is directed into the cav it y. When the group X i small , rhe X position of the bridging unit 

gets into the cavity during the <u·ylmethylation reaction to form tl1e isomer a whereas rhe aro matic 

ring o f the bridging un it gets into the cav ity in ·tead of tbe X gr up (Scheme 2-1 1 J when t11e 

group X i. bu lkier and Y is mall. 
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Scheme 2-11 

R X ; H. OM c. SMe. 
Br.C=CH 

X; Sc(11-Bu ) 
C;CPh 

a' 

2.10. Conformational interconversion and the bulkiness of the lower rim substituents 

In the author's group, it was previously demonstrated that the conformations of the 

benzy latcd bridged ca li x[6Jarcnes 6 are rixecl at room temperature and even at 120 °C in 1,1,2.2-

tetrach loroetbane-d2.120"1 This mean that the benzyl groups at the lower rim have enough 

bu lkines. to prevent the ring inversion (lower-rim through the annulus inversion). On the other 

hand, bulkincs~ of the upper-rim substituent. is not necessary, which was e ·tablished by the fact 

th at the conformational in te rconver ion did not occu r when cornpouocls 22a and 22b without lerl­

butyl groups at the upper rim were heated at 140 oc in toluene-d, . 

How i<u·ge substi tuents at the lower rim me needed to freeze the conformation of the 

bridged ca li x[6]arene ? Methyl group are not enough to restrict the conformation, as is c lear 

from the 11-J N~MR signals of 37, which <u·e broadened clue to the conformational interconversion 

even at room temperature.tza•.~ The corresponding ethyl derivative. 34 (X = Br) and 35 (X = 
O.CH) and allyl derivati es 36 were ynthe. izecl <md their propertie were investigated. 
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34: X= B1· 
35 : X =C=CH 

36: R =all yl 
37: R =Me 

The 1H NMR spectra of eth yl dcrivati e~ 34 (X= Br) and 35 (X= O=C!-1) showed weiJ , 

reso lved. sharp ignal which can be assigned to both two isomers (cone and 1,2,3-allernate, 

28172 (34), 40/60 (35)), butlhey were not separable by ilica ge l chromatography un like the case 

of benzylatcd ana logs 6. ln tile crystalline slate, compound 34 adopts a I ,2 ,3-al temate 

conformation whereas 35 adopts a cone conformation. which wa · confirmed by the X-ray 

ana ly e. (Figure 2- 14). The ratio of the isomers (cone/1.2,3-alternate) of 34 was 28/72 even 

when the NMR spectrum was mea;ured on ly 10 minutes after the crystals of the 1,2,3-altemate 

isomer were disso lved in CDC!,. Tl1is fact indicates that the conformational imerconver. ion 

occurs on the time scale lower than the NMR lime scale (o rd~r of 1 second) but fa. ter than the 

time sca le of I 0 minutes. 

_j 
c \ 

34 35 

Figure 2-1 4. X-ray tructu res of 34 and 35. Disordered atoms and the solvent molecules are 

omitted for clarity. 

On the other hand, two isomer> (cone and I ,2,3-alternate) of all yl derivative 36 were 

epa rated by silica ge l chromatography. The isomer. of 36, however. underwent very slow 
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conformational interconversion m room temperature in CDCI1 wit h a half- life time of about 2 

weeks. Thi. suggest that the thermally stable L omer can be synthesized by the reaction at a 

slightl y elevated temperature and sub equent conversion of the all yl groups 10 buLkier group ·. 

38 : R = H 
39: R= OMe 

LUning'; gr up ha · al o reported that two conformers we re observed fo r ethyl derivative 

38 whjJe 39 wa isolated as a confonnationally pure compound. They concluded thai the Jack of 

i omerism of 39 i · ascribed to the OMe group on the bridging unit. t"•1 It is obvious, however, 

that compound 39 only fe ll to a lbermoclynamically stab le cone confom1a 1ion among tbe po s ibl.e 

conformer ·. The presen1 s1udy on conformational mobility of the compoun d: wilh alkyl groups 

of various sizes demonstrated that the substituelllS as bulky as benzy l groups at the lower rim are 

neces. ary to freeze the conformation of the bridged ca lixr6Jarenc clerivaii ves. 
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Experimental 

Gener·al. Me lting poitlL~ were determined on a Yanaco rrlicro melting point apparatus . All 

melting points wer.:: un orrected. THF was puri[ied by clistill ation from odium dipheny lketyl 

under m·gon atmosphere before use. Dichloromet lume and carbon tetrachloride were disti ll ed 

from calcium hydride. Diethylamine wa · dried over KOH pe llets before use. DMF (special 

grade) was pu rcha. eel !"rom Wako Pure Chemica l Industries Ltd . and used without purificati on. 

Acetone unci ethanol (technical grade) were u eel withou t purification. Column chromatOgraphy 

and preparative TLC were carried out with Wakoge l C-200 and Merck Kieselgel 60PF254 An. 

7747. re~peeti ve l y. ' H NMR and " C NMR spectra were recorclecl on a Bruker DRX-500, a 

JEOL JNM- 500. and a JEOL EX-AL270 spectrometers. 1H and '3C NMR chemical ·hifts 

were referenced to the resonances of tetramcthyls il ane. Assignments of NMR ignal were 

based on 2D-COS Y. HMQC, and HMBC spectra. Mass spectra were recorded on a JEOL SX-

102 mas· ~pect rometer. Elemental analy:es wen~ performed by the Microanalytical Laboratory 

of the Departmcm of Chemi stry, Faculty of Science, Lbe University of Tokyo. 

Materials. 5, I I, 17 .23,29,35-Hexa-lert-butyl-37,38,39.40.41 ,42-hexahyclroxycalix [6] arene 

(1 ),t'"1 2-brorno- 1 ,3-bi (bromornethyl)benzene (7B).t"l 1.3-bis(bromomethyl)-2-(buty lse leno)­

benzene (71) ,1'811 2-iodo- 1 ,3-di rnethylbenzene ( 9 ).t'~l and 37,3 .40,4 1-teu·ahydroxy-39.42-[2-

bromo-1 ,3-phenylenebis(methylenoxy)]calix[6]arene ( 14)1"'n were prepared accord ing to the 

literature. . I ,3-Bi ·(bromomethyl)benzene (7 A). 1-bromo-3,5-dimelhylbenzene (8C), 4-

methoxypheno l (IOF). 4-bromophenol ( lOG), 4-bromo-2,6-d imethylaniline (13), were purcha eel 

from Tokyo Chemica l Industry Co., Ltd. Phenylacetylene i purchased from Aldrich. 

Ethynyltrimethyl il ane is a gift from ShinEtsu Chemical . 

Preparation of 1-br·omo-3 5-bis(bromomethyl)benzene (7C).t151 A mixture of 1-bromo-3.5-

dimethylbemene (SC) (3.4 mL, 25 mmol ), N-bromo" ucc inimide ( I 0.8 g, 6 1 mmol), and benzoy l 

peroxide (240 mg, I mmol) in carbon tetrachloride (20 mL) was reflu xed for 10 h. After 

tllrration of succinimide and the removal of the olvenL the res idue was recrystalli zed from 

hexane to afford 7C (2.40 g, 28%) ru. colorle s crysta l , mp 96-98 °C (Jit. 1351 mp 95-98 °C): 1H 

NMR (500 MHz, CDC13)8 4.42 (s, 4H). 7.34 (t, J = 1. 3 Hz, JH). 7.47 (d, J = I .3 Hz, I H). 

Preparation of (2,6-dimethylphenylethynyl)trimethylsilane (80). To a solution of 2-iodo­

L,J-climethy lbenzene (9JI"' 1 (4.65 g, 20 mmol ). copper(!) iodide ( 100 mg, 0.52 mmol), and 

ethynyltrimethyls ilane (4.2 mL, 30 mmol) in diethylamine (25 mL) was added Letrakis­

(triphenylphosphine)palladium (300 mg, 0.26 mmol) and the mixture was stirred at 50 °C for 24 
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h. After removal of the so lvent and addition of water, the mixture was extracted with 

chloroform . dried over MgSO, . and evaporated to dryness. Chromatography on si lica gel 

(hexane) afB rded the colorless liquid (3.72 g, 92%) wit h enough purity for the next reaction. 

SD: ' H NMR (500 Ml-lz, CDC!, ) 8 0.26 (s. 9 1-1). 242 (s, 61-l) , 7.0 I (d. J = 7.5 Hz. 21-1 ), 7.09 (t. J = 

7.5 Hz, lH); " C MR ( 125 MHz, CDC11J 80. 16 (q) , 20.99 (q). 102.76 (s), 102.81 (s), 112.97 ( ·), 

126.55 (ell. 127.80 (d), 140.63 (s). 

Prepa.·ation of 1.2,6-bis(bromomethyl)phenylethynyl]trimethyl ilane (7D). A mixture of SD 

(1.0 g. 5.0 mmol). N-bromosuccinimide (3. 13 g. 18 mmol) , and benzoyl peroxide ( !00 mg, 0.4 

mm I) in carbon tetrachloride (10 mL) was relluxcd for7 h. After filtTation ofsucci nimide and 

removal of the olvent. the rc ·idue was chrommographed on silica gel (hexane) to afford 

color lc'' crysta ls of 7D (620 mg, 34%), mp 50-52 °C; ' H NMR (500 MHz, CDC!, ) 8 0.35 (s, 9H). 

4.67 (s. 4H). 7.23 ( l. J = 7.7 Hz, !H). 7.34 (d, J = 7.7 Hz, 2H): '-'C NMR ( !25 MHz. CDC!,) 8 

-0.29 (ql, 3 1.57 (t), 98.63 (S), 107.37 ( ·), 122.8 1 (s), 128.74 (d), 129.54 (d), 140.27 (s). Anal. 

Calcd for C,.f:'T16Br2Si: C. 43.35: J-1 , 4.48; Br. 44.37. Pound: C. 43.16; H, 4.37; Br, 44.18. 

Pre]>aration of 1,3-dimethyl-2-(phenylethynyl)benzene (8£) .1'61 Compound SE was prepared 

from 9 (4.65 mL, 20 mmol) and phenylacerylene (2.6 mL, 24 mmol) .in a manner similar to that 

of SD in 7 1% yield. SE: colorle<.s liquid; 'H NMR (500 Ml-lz, CDC!,) 8 2.51 (s, 61-1), 7.07 (d, J 

= 7.5 Hz;. 21-J). 7. 12 (t. J = 7.5 Hz, JH). 7.33-7.37 (m. 31-1). 7.52-7.55 (m, 21-l ); 13C NMR (125 

MJ-I z, CDCI 1) 8 21.08 (q), 87. 16 (s), 97.85 (s), 123.01 (s), 123.90 (s), 126.70 (d), 127.76 (d), 

128.07 (d) . 128.35 (d). 131.40 (d) . 140.27 ( ). 

Preparation of 1,3-bis(b romomethyl)-2-(phenylethynyl)benzene (7E).f361 Compound 7E was 

prepared from SE (2.78 g, 13.5 mmol in a manner s.imi lar to that of 7D in 9% yield. 7E: 

colorless crysta ls, mp 137- I 39 °C: 'H NMR (500 MH z, CDC!~) 8 4.75 (s, 41-1). 7.30 (t, .1 = 7.7 Hz, 

!H). 7.40-7.44 (m. 5H), 7.64-7.66 (m, 2 H): 11C NMR (125 MHz. CDC13) 8 31.90 (t), 83.54 ( ), 

101.27 (, ), 122.73 (s), 123.29 (s), 128.51 (d), 128.67 [d), 128.97 (d), 12978 (d), 13 1. 63 (d) , 

139.98 (s). Ana l. Ca lcd for C,6H ,2Br2: C, 52.78: H, 3.32: Br. 43.89. Found: C, 52.75; 1-1 , 3.38; 

Br, 43.48. 

Preparation of 2,6-bis(hydroxymethy l)-4-methoxyphenol (1 1 F).t421 To a so lwion of p­

methoxyphenol (lOF, 12.4 g, 100 mmol) and sodjum hyd roxide (5.0 g, 12.5 mmol) in water ( 100 

mL) was added a 37% formalin (40 mL) and the mixture wa · stiJTed at room temperarure for 1 

montl1. After neutral ization with acetic acid , the mixture was extrac ted with eU1 yl acetate, dri ed 

over MgS04 • and evaporated to drynes . The residue was washed with water and dJ·iecl to give 
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IlF (8.68 g. 47 %) as colorless crystal.. mp 125- 127 °C (lit.1''1 mp 127- 128 °C); ' I-I NMR (270 

MI-Iz. CDC!,) 8 2.59 (brs , 2.I:-l), 3.75 (_, 31-l), 4 .77 (s, 41-l), 6.63 (s. 2H). 7.64 (s, I H); " C NMR 

(125 MH z, acerone-d. J 8 55 .73 (q). 62.08 (t), 1 12.24 (d), 128 77 (s), 148.01 (s), 153.65 ( ·). 

Preparation of 1,3-bis(hydroxymeth yl)-2,5-dimethoxybenzene (12F).t<Jt Compound J2F was 

prepared from JIF (4.62 g, 25 m1nol) by the reported procedure in 76% method 12F: colorless 

crysmls. mp 106- 108 oc (lit.1" 1 106- 108 °C); 1H NMR (500 MI-l z. CDC!_,) 82.04 (t, J = 6.0 Hz. 

21-1). 3.80 ( · x 2. 61-1) . 4.72 (d, .I= 6.0 Hz. 41-1), 6.88 (s, 21-1 ); " C NMR ( 125 Ml:-l z, acetone-d.) 8 

55.60 (q) . 59.59 (t), 61.98 (q), 112.90 (d), 136.79 (s). 149.35 (s), 156.93 (s). 

Preparation of 1,3-bis(bromometh yl)-2,5-dimethoxybenzene (7F)Y' 1 To a so lu tion of 12F 

(99~ mg, 5.0 mmol) and carbon tetrabromide (3.64 g, I I mmol ) in di chloromethane (25 m L) was 

added triphenylphosphine (2.89 g. II mmol) and the mixture was stjrred for 1.5 h at room 

temperature. After a !clition of aq. NaHCO,, the mixture was extracted wiU1 chloroform, dried 

over MgS04, and evaporated to dryness. Chromatography (sil ica gel, ch loroform/hexane. I : I ) 

fo llowed by recrystalli zation (hexane) afforded brominated compound 7F ( 1.09 g, 67%) a. 

c lorless c rys tals. mp I 00- 10 I °C (lit.mr mp 90-92.5 °C): 1 H MR (500 Ml:l z, CDCIJ 8 3.79 l , 

31-1), 3.96 (~. 31-1) , 4.52 (s, 41-i), 6.89 (s, 2 1-1 ): " C NMR (125 MHz. CDCI, ) 8 27.54 (t). 55.63 (q) , 

62.31 (q). 11 7.06 (d). 132.56 (s). 150.10 (s). 155.88 (s) . 

Preparation of 4-hromo-2,6-bis(hydroxymetllyl)phenol (11 G).135"1 To a olu tion of p­

bromophcnol (lOG, 12.5 g. 72 mmol ) and KOH (4.6 g, 82 mmol ) in water (12 rnL) was added a 

37% formalin ( 17 mL) and tbe mixture was stirred at room temperature for 2 weeks. The 

mi xture was ne ULraLized with hydrochloric acid, and the precipitation. was collected and dried to 

give l!G ( 12.4 g. 74%) as colorl ess crystals, mp 163- 167 oc (lit. t""1 164- 168 °C): 'H NM R (500 

MH z, CDCJ,) 8 2.36 (btt, 21-1 ), 4.79 (d . J = 5. 1 Hz. 41-1), 7.22 (s. 2H), 8.07 (s, 1H) ; 13C NMR 

(125 MHz, acetone-d, ) 8 61.32 (t), 1 11.62 (s). 129.20 (d), !30.44 ( ), 153.41 (s) . 

Pr·eparation of 5-bromo-1 ,3-bis(hydroxymethyl)-2-methoxybenzene (l2G). To a su pension 

of lJG (4.67 g. 20 mmol), K2CO, (5.53 g. 40 mmol) in acetone (100 mL) was added 

iodomethane (4 mL, 62 mmol) and the mjxture was stirred for 3 d at room temperature. After 

addition of water. the mjxture was ex tracted with ethyl ace tate, dried over MgSO,, and 

evaporated to dryne. . The residue was recrystallized from ace tone/hexane to afford methy lated 

product L2G (3.83 g. 77 %) as colorles. crystals. mp 13 1- 134 oc; 'H NMR (500 Mllz, CDCJ.,) 8 

1.98 (brt, 2 1-1), 3.83 (s, 31-1 ). 4.72 (d. J = .9 Hz, 2H), 7.50 (s, 21-l); " C NMR (125 MI-Iz, acetone­

d6) 8 58.98 (t), 61.95 (q), 11 7.3 1 (s), 130.42 (d), 138.56 (s), 154.81 (s). Anal. Calcd for 
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C9 l-111 Br01: C. 43.75: H, 4.49. Found: C, 44.25; H, 4.40. 

Prepa•·ation of 5-bromo-1,3-bis(bromomethyl)-2-methox)•benzene (7G).t'•t To a solmion of 

12G (2.48 mg, I 0.0 mmol) and carbon tetrabromide (6.66 g, 20 mmol) in dichloromelbane (50 

mL) was added triphenylphosphine (5.54 g. 21 mmol) and rhe mixture was slirred for· 2 hat room 

temperature. After addition or aq . al-IC03, Um mixture wa: extracted with chloroform. dried 

over MgS04 • and evaporated to dryne>s. Chromatography (sil.ica gel. chlorofonn/hexane. [:I) 

followed by recrystal lization (hexane) afforded the brominated compound 7F (2.56 g, 69% ) as 

colorlc ·s cry taL, mp 85-87 oc (Jit .l'"1 mp 82-83 °C); 'H NMR (500 MHz.. CDCJ, ) 8 4.00 (s. 3H). 

4.4 (s, 4H). 7.49 (s. 2!-1); DC MR ( 125 MHz, CDC!,) 8 62.35 (t), J 17.2 l (s), J 33.97 (s), 134.74 

(ell. 155.58 (s). 

Prepa ration of 4-bromo-2,6-dimcthylphenylmethyl sulfide (8H). To a mixture of 4-bromo-

2.6-dimethylaniline ( L3, 10 g. 50 mmol) and concemrated su lfu ric acid (3 mL) in water (tOO mL) 

was added an aqueou solulion of sodi um nitrite (3.7 g, I 00 mmol). After slirring for 30 min at 

0-5 °C, the mixture was added dropwise to a elution of potassium xanthate ( 14 g, 87 mmol) in 

water (50 mL) wi th vigorous stirring at 50 °C. After stirring for 2 h at 50 oc. the mixture wn. 

extracted with l1cxane, dried over MgSO., and evaporated to give a red oil. The oil was then 

dissolved in THF (50 mL) under argon , which was tTan>ferred into a suspen ion of lith ium 

aluminum hydride (3.7 g. I 00 mmol) in THF (50 mLl at 0 °C. After stirring for 30 min at room 

temperature, ethyl acetate wa. carefully added and the mixture wa> neutralized with 2 M aq. HCI. 

The mixture was extracted with hexane, dried over MgS04 , and evaporated to give a cmde 

product of 4-bromo-2,6-d imetllylbenzenethiol. 'H NMR (500 MHz, CDCI 3) 8 2.33 (s, 61-1), 3. 19 

(s. I H). 7.19 (s. 2H). The crude thiol wa then eli solved in a solution of KOH (3.6 g, 64 mmol) 

in water (2 mL) and ethano l (100 mL), and to the mixtu re was added iodomerhane (7.5 mL, 120 

mmol) wi.th ·tirring. After removal or the solvent and addition of water, the mixtme was 

extracted witl1 hexane, dried over MgS04, and evaporated to clrynes . The residue was 

subjected to si lica gel chromatography (hexane) to afford colorless liquid of SH (6.37 g, 55% 

from 13) with enough purity for tbe next reaction. 'H NMR (500 Ml-lz, CDCJ,) 8 2.20 (s, 31-1), 

2.52 (s. 6H). 7.25 (s. 2H): "C NMR (125 MHz, CDCl3) 8 18. 11 (q), 21.48 (q), 122.09 (s) , 130.68 

(d), 134.30 (s) , 144.57 (s). 

Preparation of 4-bromo-2,6-bis(bromomethyl)phenyl methyl sulfide (7H). A mixture of 8H 

(2.3 I g, I 0 mmol), N-bromosuccinimide (5.41 g, 30 mmol). benzoyl peroxide (500 mg, 2 mmol) 

in carbon tetrachloride (25 mL) was relluxed for 6 h. After fi ltration of succi nimide and 
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removal of Lhc solvent, the residue was chromatographed on silica gel (hexane) to afford 

colorless crystals, which was recrystall ized from hexane to give 7H ( 1.25 g, 32%) as colorless 

crystals, 111p 127-129 °C; 1H NMR (500 MHz, CD 1,) 8 2.46 (s, 3H), 4.85 (s. 4H), 7.62 (s. 2H): 

uc NMR (125 MHz, CDC I, ) 8 20.22 (q), 31.35 (t), 123.36 (s). 134.10 (d), 135.03 (S) , 145.03 (s). 

Anal. Calcd for C,l-L,Br , :C. 27.79; H, 2.33 ; Br, 61.63 : S, 8.24. Found: C. 27 .75: H, 2.32; Br. 

61.91: S. 8.09. 

General procedure of the bridging reaction (for 2A and 2C). To a suspension of sodium 

hydride (60% in oil, 240 m<>, 6 mmol) in THF (5 mL) was added a solution of p-ren­

butylcaJixl6larene ( I) (973 mg. 1.0 1111110!) in THF (85 mL) and DMF ( 10 mL). After the 

mixture was sti rred at room temperature for 2 h, a t.olution of dibromide 7 ( 1.0 mmol) in THF ( I 0 

mL) wa added dropwise at room temperature. and the reaction mixture wa reiluxed fm 24 h. 

After addition of water, tbe mixture was poured imo I M ag. HCI, extracted with chloroform, 

dtied over MgS04 , and evaporated to dryness. Chromatographic separation on silica gel 

(bexane/c hJorofonn, 1: I) followed by recrystallization (chloroform/methanol) a[forded bridged 

ca li xf6]arene 2. 

5, 11, 17,23,29,35-Hexa-lert-butyl-37 ,40-[1,3-phenylenebis(meth ylenoxy)]calix[ G]arene-38,39, 

41,42-tetrol (2A):1"'1 yield, 68%. 

37 ,40-f5-Bromo-1,3-pben ylenebis(methylenoxy)]-5, 11,17,23,29 ,35-hexa-tert-butylcalix[ 6]­

arene-38,39,41,42-tetrol (2C): yield. 9 I%; colorle: · crystals, mp 240 °C (dec): 'H NMR (500 

MH z, CDC!,) 8 I .20 (s, 18.H), 1.27 (s . 36H). 3.33 (d, J = 13.6 Hz, 2H), 3.50 (d, J = 13.4 Hz, 4H), 

4. 18 (d , J = 13.6 Hz. 2H). 4.27 (d . .1 = 13.4 Hz, 4H), 5.23 (s, 4H), 7. 1 I (s, 8H). 7.13 (s. 4H), 7.29 

(s, 2H), 8.46 (s. I H), 8.90 (s , 4H); 11C NMR (125 Ml-lz. CDC!,) 8 3J.29 (g), 3 1.64 (q), 32.89 (t). 

33.07 (l). 33.9 1 (. ). 34.28 (s) , 76. 14 (t), 1. 2 1.80 (s), 122.04 (d ), 125.26 (d), 125.98 (d), 126.47 (d). 

127. 19 (s), 127.57 ( ), 128.48 (d), 132. 18 (s), 140 34 (s), 142.7 1 (s) , 148.09 ( ) , 149.80 (s), 

149.82 (s). Anal. Ca lcd for C,.J~ ,9Br062H10: C, 74.66; H, 7.87; Br. 6.71. Found: C, 74.88: H, 

7.45 ; Br. 7.49. 

General procedure of the bridging reaction (for 2B, 2E, 2F, 2G, 2H, and 2J). To a 

su pension of potassium hydrox ide (85%. 330 mg. 5 mmol) and p-lerr-butylcalix[6]arene (I ) 

(245 mg, 0.25 mmol) in THF ( 100 mL) and DMF (10 mL), which was . tined at room 

temperature for I h. was added dibromide 7 (0.25 mmol) and the mixture was stirred at room 

temperature for 24 h. After removal of the solve nt , the residue was treated with aq. NH,CI, 

ex tracted with chloroform, dried over MgSO,, aod evapora ted to dryness. The residue was 
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purified by chromatography if necessmy, and recrystallized rrorn chloroform/methanol to afford 

bridged compound 2. 

37 ,40-[ 2-B romo-1 ,3-pheny lenebis( meth ylcnoxy) ]-5, 1 l,J 7,23,29 ,35-hexa-ler/-bu tylcalix[ 6]­

m·ene -38,39,41 ,42-tetrol (2B ): 1 •~n purified by recrystallization, yield , 89'!!. 

5,11, 17,23,29 ,35-Hexa-/er/ -butyl-37 ,40-12-ethyn yl-1,3-phenylenebis(methylenoxy) ]calix [ 6]­

arene-38,39,41 ,42-tetrol (2J): pu rified by recry tuJ!ization, yield, 96%; colorless crystals, mp 

245 °C(dec); 1H MR(270MHz.CDCI,.-20 °C)81. 19 (s. I8H).l.23(s, ISH ), 1.28 (s. ISH). 

3.2 1 (tL J = 13.7 Hz. Il-l) , 3.27 (d . J = 13.6 1:-lz, I H), 3.47 (s, I J-1 ). 3.52 (d , J = 13.0 Hz , 2H). 3.57 

(d. J = 13.3 Hz. 21-l ). 3.98 (d . J = I 3.7 Hz, I H). 4. 15 (cl , .! = 13.6 Hz, Jl-1). 4.18 (d. J = J3.0 Hz. 

21-J) , 4.72 (d , J = 9.6 Hz, 21-l}, 4.80 (cl, J = 13.3 Hz, 2H), 5.96 (d . J = 9.6 Hz, 2H), 7.01 (d , J = 2.3 

Hz, 2H). 7 09 Is. 41-l) , 7. 11-7.16 (m, 61-1 ). 7.36 (l . .! = 7.5 Hz, I H), 7.53 (d, J = 7.5 Hz. 2H), 8.77 

(s, 21-1) , 8.90 (s, 2H): "C MR (68 lvll-Iz, CDCI3 , -20 °C) 8 3 1.20 (g), 3 I .56 (q x 2), 32.69 (t), 

32.91 (t), 33.2" (t), 33.49 (t), 33 .75 (s), 33.S6 (sl , 34. 18 (sl, 77.38 (tl. 80 76 (d), 86.71 (s), 123.76 

( ·), 125. 16 (d), 125.34 (d), 125.60 (d), 125.82 (d), 125.S5 (d), 126.24 (d), 126.57 (s), 126.69 (sJ , 

127.28 (s). 127.93 (s} , 129.18 (d), 130.65 (d) . 131.97 (s) , 133.05 (s), 140.08 ( ), 141.77 (sl. 

142. 13 l>J. 147.43 (:.) , 149.54 (~). 149.91 (>), 150. 15 (s). AoaJ. Calcd for C70H9110 6·H,O: C, 

8 1.68: H. 8.30. Found: C. 8 1.39: H, 8.06. 

5,11,17 ,23,29 ,35- Hexa-1 ert -butyl-37 ,40-[2-phen y1ethynyl-1,3-phenylenebis(methylenoxy )]­

ca lix[6]arene-38.39,4J,42-tetrol (2E) : purified by recJystaJii zation. yield, 76%: colorles. 

crys ta ls, mp 259-262 °C; 'H NMR (500 MHz, CDCJ, ) 81.17 (s. ISH), 1.25 (s. ISH), 1._6 ( , 

181-1), 3.22 (d. J = 13.7 Hz, Il-l). 3.23 (cl, J = 13.7 Hz. I f-1). 3.3 I (d , J = 13.4 Hz, 21-1), 3.5 1 (d, .I = 

13 .0 Hz. 21-I ), 3.98 tel . J = 13.7 Hz. I H), 4.03 (cl, J = 13.7 Hz, I H), .28 (d, J = 13.0 Hz. 2H). 4.69 

(d . ./= 13.4 Hz . 21-1), 4.74 (d, J = 9.5 Hz. 21-f). 6.04 (d, J = 9.5 Hz, 21-1), 6.52 (t, J = 7.6 Hz, 21-1) , 

6.70 (d , ./ = 7.6 Hz, 21-I), 6.82 (d, J = 2.3 Hz, 2H), 6.83 (t, J = 7.6 Hz, I 1-1) , 7.018 (cl, J = 2.4 Hz, 

2H), 7.022 (d, J = 2.4 Hz, 2H), 7.07 (d, J = 2.3 Hz, 21-I), 7.09 (d, J = 2.4 Hz, 2H), 7.13 (d, J = 2.4 

Hz. 2H). 7.35 (t, J = 7.6 Hz, I H), 7.58 (d, J = 7.6 Hz, 2H). 8.66 (s , 2H), S.85 (s, 2H); 'JC NMR 

( 125 Ml-l z. CDCI ,) 831.29 (q), 31.65 (q), 3 1.69 (q), 32.3 1 (l), 33.22 (t), 33.56 (t), 33.75 (t), 33.83 

(s x2) , 34.22 (s) . 77.58 (t), 86.39 (s), 97.42 (s), J2l.S9 (s) , 124.94 (d). 125.25 d). 125.41 (d), 

125.94 (d). 125.97 (d), 126.2 1 (d), 126.79 (.), 127 .09 (s), 127. 15 (s}, 127. 18 (d), 127.59 (s), 

127.74 (d) , 128.S2 (d) . 131.06 (cl ), 131.34 (d). 132.20 (s), 133. 3 (s) . 139.56 (s), 141.91 (s), 

142.20 (s), 147.63 (s), 149.99 (s), 150.19 ( ), 150.37 (s). AnaL Calcd fo r Cs2H9,06·Hz0: C, 

82.51; H, S. l I. Found: C, S2.69: H. 8.04. 
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5, L I ,17 ,23,29,35-Hexa-lerl-hulyl-37 ,.t0-[2,5-djmethoxy-1 ,3-phenylenebis(methylenoxy)]­

calixl61arene-38,39,41,42-tetrol {2F): purified by rec rystal lization. yield, 88%; colorless crystals. 

mp 2 12-2 15 °C: 1H NMR (270 MH z, CDC!,, -50 °C) 8 1.20 (. , !81-f), 1.23 (. , ISH , 1.29 (s, ISH), 

3.2 1 (d. J = 13.5 Hz, I H). 3.3 1 (d. J = 13.8 Hz. I H), 3.49 (d, J = 13.8 Hz. 2H), 3.63 (d . J = 12.8 

Hz, 2H), 3.83 (s, 31-1 ), 3.96 s. 31-l ), 4.04 (d . .I= 13.5 HL, I H), 4.15 (d , J =130Hz, 2H), 4.23 (d, .I 

= 13.8 Hz. Il-l) , 4 58 (cl , J = 10.0 Hz, 21-1 ). 4.65 (d. J = 12.8 Hz. 2H), 5.83 (d, J = 10.0 Hz, 2H). 

6.9 1 ( . 2!-1 ). 7.03 (brd. 2!-1 ), 7.08 (brd, 2]-1 ), 7. 12 (brd, 21'1), 7. 14 (brd, 2H), 7. 15 (brd, 2H), 7.20 

(brd 21-1 ). 8.99 (s, 21-1), 9.06 (s, 21-l ): 11C MR (68 MHz, CDC!,. -50 °C) 8 31. 15 (q). 3 1.49 lq x 

2) . 32.66 (1), 32.83 (1), 33.09 (t). 33 . 19 (t) . 33.69 (S), 33.8 1 (S) , 34. 14 (S), 55.29 (q), 60.97 (q), 

75.36 (1), 116.6 1 (d), 125. 10 {(! ), 125.22 (d), 125.54 (d), 125.64 (d), 125.73 (d). 126. 16 (d). 

126.64 (s) .1 26.69(s), 127. 16(s), 127.45\S), l31.34(s), 131.83(S). I32.84(s), 141.58(s), 141.95 

(s) , 147. 14 (:;). 149.7 1 (s) , 149.84 (s) , 150.14 (s) , 153. 11 {s). 154.49 (s). Anal. Calcd for 

C7.H,1.,0 , H,O: C, 79.13: H, 8.39. Found: C, 79.42 : H. 8.25. 

37 ,40-f.S-Bromo-2-methoxy-1 ,3-phenylenebis(methylenoxy )]-5, 11,17,23,29 35-hexa-terl­

butyl-calix[6]arene-38,39,41 ,42-tetrol (2G): purified by recry. tallization, yield , 73%; colorless 

crystals. mp 222-224 °C: 1 H MR (270 MHz. CDC!, . - 50 "C) 8 1.20 (s, 181-l). l.23 (s. ISH). 1.29 

(s, J 8H), 3.22 (d, J = 13.8 Hz, 11-l ), 3.32 (d, J = 13.3 Hz, I H). 3.52 (d, .I= 13.2 Hz, 2H), 3.63 (d, 

J = 12.8 Hz. 2H), 4.02 (s, 3H). 4.04 (cl , J = 13.8 Hz, I H). 4.06 (cl , J = l .2 Hz, I H). 4.22 (d. J = 

13.3 Hz, 2H). 4.59 (d, J = I 0.4 Hz, 2H), 4.6 1 (d, J = 12.8 Hz, 2H) . 5.8 J (d, J = I 0.4 Hz, 21-f), 7.04 

(brd, 21-1 ), 7 .09 (brd , 21-1), 7.13 (brei. 211). 7.15 (brd x2 . 4H), 7.20 (brd , 2H), 7.53 (s, 2H), 8.93 (s, 

21-l ), 9.00 (s . 2H); '3C NMR (68 MH z, CDCI3, -50 oq o 3 1.15 (q) . 3 1.49 (q x 2), 32.69 (t). 32.75 

(l). 32.98 (t). 33. 15 ( t ). 33.7 1 (s) . 33.84 ( ·), 34.17 (s). 60.12 (q), 74.70 (l), I 16.23 ( ). 125.12 (d). 

125.27 (d), 125.62 (d), 125.74 (d x2) , 126.26 (d). 126.53 (s), 126.67 (S"), 126.98 (s) . 127.39 {s), 

13 1.80 (s). 132.67 (s). 132.7 1 (s) , 134.59 (d), 141.75 (s) , 142.07 (s). 147.38 (s), 149.53 (s), 

149.7 1 (s) , 150.03 (s), 158. 192 (. ). Anal. C<tlcd for C,,H91 Br07 : C, 74.92: H, 7.80; Br, 6.65. 

Found: C, 74.93; H. 7.77; Br. 7.26. 

37 ,40-[5-B romo-2-mcthylthio- I ,3-phenylenebis(methylenoxy) )-5,11,17 ,23,29,35-hexa-terl­

butylca lix l6]arene-38,39,41,42-tetrol (2H): puri fied by chromatography on silica gel 

( hex ~u1e/chl orofonn. J: J) fo llowed by recry t<tl li zation , yield , 68%: colorless crystals, mp 238 ¢C 

(dec): 1H NMR (500 MHz, CDC!,) o 1.1 9 (,ISH), 1.24 (s, ISH), 1.28 (s, 18H), 2.3 1 (s, 3H), 

3.2 1 (cl , J = 13.7 Hz, I H), 3.27 (cl, J = 13.6 Hz, 11-1). 3.5 1 (d, J = 13.2 Hz, 2H), 3.54 (d , J = 13.4 

Hz, 2H). 3.95 (d, J = 13.7 Hz, Jl-1), 4.06 (d. J = 13.6 Hz, I H), 4.14 (cl, J = 1.3.4 Hz, 2H), 4.63 (d, J 
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= 9.-1 l-1 1, 2H ), 4.94 (d. J = 13.2 Hz. 2 1-1 ), 5.96 (d. J = 9.4 Hz, 2 1-1 ). 7.0 I (d, J = 2.2 Hz, 2H), 7.08 

(d. J = 2.2 1-17, 21-1 ), 7. 10 (d. J = 2.2 Hz, 21-! J. 7. 11 (d, J = 2.2 Hz, 21-1), 7. 13 \d. J = 2.2 Hz. 2H), 

7. 14 (d, J = 2.2 Hz, 2H), 7.7 1 (>. 21-1), 8. 69 (s, 21-1), 8.70 ( , 2H); " C NMR ( 125 MHz, CDCJ 3) 8 

L 12 (q), 31.29(q), J J .65 (q), 31.67 (q), 32.90 (t), 33 12 (t). 33.56 (t), 33.60 (t), 33 .86 (S), 33.9 1 

(s), 34.27 (s) , 77.3 I (t). 122.89 (S) , 125.28 (d), 125.43 (d), J 25.75 (d), 126.0 I (d), 126.08 (d), 

126. 33 (d), 1-6 82 (s), 127. 13 (s), 127. 59 (s), 127.77 (s), 132.33 (s), 133.38 (s), 134.94 (d) . 

139.69 (s), 1-1-2.09 (s) , 142 39 (s), 142.65 (s), 143.85 (s). 147.68 (s). 147.94 (s) , 149.35 ( '). Anal. 

Calcd for C7, 1-1 ,11 Br06S· I-l20 : C. 73.93; 1-1 , 7.69; , 2.63. Found: C. 73.65; H, 7.41 ; S, 2.99. 

5,J I , I 7,23,29,35-Hcxa-terl-butyl -37 ,40-12-( b u ty lse lcno )-1,3-phenylcnebis(methylenoxy) l­

calix[6]m·ene-38,39,41,42-tetrol (2l) :t><~l purified by chromatography on silica gel 

(hexane/chloro fo nn. I: I) followed by recrystallization. y ie ld, 80%. 

Gener aiJ>rocedure of the a rylmethylation (method A). To a sus pen ion of NaH (60% in o il , 

160 mg. 4.0 mmol) in THF ( I mL ) was added a so lution of bridged ca lixarene 2 (0.20 mmol) in 

THF ( 9 mL) and DMF ( I mL). After the mixlll re wa stirred at room temperature for l h, 

ary lmethyl halide. (1.2-4.0 mmol) were uddcd and the reaction mixture was refl uxed for 2 d. 

After the addi tion or water, the n:li xll\Je was poured into ag. NH4CI , ex tracted witb chl oroform, 

and dried over MgSO,. After removal the ol vent, the crude product wa separated by 

preparati e TLC. 

General procedure of the arylmethyla tion (method B) . To a suspension of bridged 

calixJ.6]arene 2 (0.20 mmol) and ces ium carbonate (790 mg, 2.4 mmol) in DMF (20 rnL) were 

added arylmethyl halides ( 1.2-4.0 mmol) and the reaction mixture wa · stirred at 70 oc fo r 1-2 d. 

After addition o r ag . NH,,Cl, the mix ture was exu·actecl with chloroform, dried over M gS04 and 

the solvent was evaporated lO dryness. The crude product was purified by recrystallization or 

separated by pr parmive TLC. 

38,39,4142-Tett·abenzyloxy-5,ll , l7,23.29,35-bexa-terl-butyl-37,40-[l ,3-phenylenebis­

(methylenoxy)Jcalix[6]arene (15). Method A: a, 63%; b, I%; c, 5%. Method B: a , 89%. 

l5a: colorless crystals, mp 21 1-2 15 °C; 11-1 NMR (500 MJ-I z, CDCI, ) o 0.95 (s, 36H), 1.4 1 (s, 

181-1 ), 3.2 1 (d, J = 14.3 Hz, 2 1-1), 3.34 (d, J = 15.4 Hz, 4H), 4 . 18 (s, 41-1) , 4.38 (d, J = 14.3 Hz, 21-1 ), 

4.42 (d. J = 15.4 Hz. 4H). 4.48 (d, J = 12.2 Hz. 41-1), 4.57 (d, J = 12.2 Hz, 41-1) , 5.6 1 (, , LH) , 6.83 

(d, J = 1.9 Hz, 4H), 6.96 (d, J = 1.9 Hz, 41-1 ), 6.97 (cl , J = 7.0 Hz, 81-L), 7 .00 (t, J = 6.9 Hz, I H). 

7.06 (d, J = 6.9 Hz, 21-1). 7.07-7. 14 (m, 12H), 7 .28 (s, 4H); " C NMR (125 M.Hz, CDC!,) o 28.65 

(t), 30.51 (l), 3 1.30 (qJ. 3 1.67 (g), 34 06 (s) , 34.25 (s) . 7 1.74 (t). 74.75 (t), 12 1.13 (d ), 122 .82 (d), 
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124.40 (d) . 125. 13 (d), 126.76 ( I). 126.95 (d), 127. 18 (d), 127.80 (d). 127.92 (d), 132 .59 (S). 

133.04 (s). 133.38 (s), I 37.94 (. ), 138.20 (s). 145.3 1 (s), 145.90 (s), 152.04 (s) . 152.93 (. ). Anal. 

C1 lcd for C,., I-111.06·C HCI,: C, 79.54: H, 7.45. Pound: C, 79.34, H, 7.52. 

ISb: colorless crystals , mp >300 "C: 11-l NMR (500 MHz, CDCI ,. 50 oq 8 0.93 (s, 361-1) , J .29 (s, 

ISH). 3.35 (d, .I= 15.6 Hz. 41-1), 3.7 I (., 4H), 3.76 (s, 4 H), 4.32 (d, ./ = 15.6 Hz, 4H), 4.66 (S, IH), 

4.7 (d. J = I 1.0 Hz, 41-1), 4.90 (d. J = 11 .0 Hz, 4H), 5.30 (d, J = 7.3 Hz, 2H), 6.08 (t, J = 7.3 Hz, 

IH), 6.5-l (d . ./= 2. 1 Hz,4 H). 7.06 (d . ./= 2. 11-lz, 41-1), 7.09 (s.41-l), 7.34 (t, l= 7.2 Hz.4l'D, 7.41 

(l. J = 7.2 Hz, 8 H), 7.58 (d. J = 7.2 Hz, 8H): I 'c NMR ( 125 Ml-lz.. CDCIJ, 50 °C) 0 29.87 (t), 

3 1.36 (q). 3 1.63 (q) . 34.0 1 (s). 34. 12 (s), 34.62 (l), 74.34 (t), 74.66 (t), 124.52 (d), 126.56 (d), 

127.09 (d ). 127.42 (d), 127.49 (d). 127.52 (d), 127.83 (d), 128. 15 (d), 128.57 (d), 132.50 (s), 

132.57 (s), 132.65 (s), 134.37 (s), 138. 17 (S), 141.67 (s). 145.40 (s), 152.88 (s), 153.53 (s). Anal. 

Calcd for C,02 H1 140 6: C, 85.3 1: H. 8.00. Pound: C, 85.25; H, 8.03 . 

15c: co lorless crystal , mp !69-1 72 °C; 'H NMR (500 MHz. CDC!,) 8 0.14 (s, 91-1 ), 0.86 (s, 9H), 

1.15 (s. 9H), 1.28 (s, 91-1). 1.35 (s. 91-1), 1.37 (s, 91-l). 3. 15 (d . ./ = 13. I Hz, ll-:1), 3. 18 (d, J = 14.2 

Hz, I H), 3.28 (d, .I= I 5.8 Hz, I 1-1), 3.55 (d, J = 17.4 Hz, 1H), 3.56 (d, J = 13.3 Hz. I H), 3.67 (d. J 

= I 2.5 Hz. I H). 3.72 (d, J = 12.5 Hz, 1 H), 3.87 (d . .I= 13.3 Hz. !H), 4.02 (d, J = 16.2 Hz, 1H). 

4.06 (cl, .I= 16.2 Hz, IH). 4.26 (d. J = 17.4 Hz, I H), 4.34 (d, J = 13. 1 Hz, !H), 4.36 (d. J = 14.2 

Hz, I H), 4.4 1 (d . .I= 12.3 Hz, Il-l ), 4.44 (d, J = 11.8 Hz, 1 H), 4.49 (d .. /= I 1.8 Hz. I H ). 4.53 (d, ./ 

= 15.8 Hz. 1 H), 4.54 (d, J = 12.2 Hz. I H), 4.56 (d. J = 12 .2 Hz, I H), 4.58 (d, J = 12.3 Hz. 1 H), 

4.62 (d, J = 12.0 Hz, I H). 4.73 (d, J = 11.5 Hz, I H). 4.78 (d. J = 12.0 Hz, lH), 5.19 (d, J = 11.5 

Hz, I H). 5.3 I (s. I H). 6.19 (d, J = 2.0 Hz, I H), 6.59 (bn, J = 3.5 Hz. !H), 6.83 (d, J = 1.7 Hz. 

I H). 6.87-6.99 (m, SH), 7.04-7.15 (111, 9H), 7 .. 16-7.24 (111. 51-1), 7.2.7-7.30 (m. 2H), 7.33-7.36 (rn , 

4H), 7.40-7.44 (m, 41-!); ''C NMR ( 125 MHz, CDC!,) 8 27.91 (l), 28.26 (t), 30.24 (l), 30.62 (q), 

30.98 (q). 3 1.50 Cq), 31.56 (q). 3 1.65 (q), 3 1.72 (q), 32.27 (t), 33. 11 (t), 33.32 (s), 33.75 (s), 34.09 

(S), 34. 15 (S), 34.25 (S), 34.50 (>). 39.17 (l). 71.39 ( l) . 72.68 {l). 73.37 (t) , 73.58 (l), 74.75 (l), 

74.90 (l). 121.23 (d). 122.05 (d), 122.07 (d), 123.02 (d), 124.29 (d). 124.80 (d), 125.13 (d), 

125.65 (d), 125.85 (d x2), 126.54 (d), 126.75 (d), 126.78 (d), 126.92 (d), 127.00 (d), 127.05 (d), 

127.19 (d), 127.28 (d), 127.36 (d), 127.40 (d). 127.55 (d), 127.77 (d), 127.81 (d), 127.89 (d), 

127 .97 (s), 128.10 (d), 128.15 (d), 128.34 (d) . 129 18 (d), 131.35 (s), 131.71 (s), 132.09 ( ), 

132.92 (s) . 133.00 (sl. 133.07 (s) , 133.39 ( ), 133.45 ( ), 133.67 (s), 134.28 (s). 134.45 (s) . 137.08 

(s), 137.77 (S). 138. 19 (s), 138.28 (s), 138.42 (s), 138.46 (s), 145.22 (s), 145.28 (s), 145.42 (s), 

145 .74 (s), 14615 (s). 146.18 (. ), 151.69 (s), 152.34 (S), 152.40 (s), 152.48 (s), 153.20 (s), .145.57 
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(s). Anal. a led for Ctr12H11 .10 0: C. 85.3 1: H. 8.00. Found : C, 85.29; J-1 , 8.03. 

5, II, 17.23,29,35-Hexa-lert-butyl-37 ,38,40,41-tetrakis[ 4-(N-met hylacetamidobenzyloxy)]-

39,42-[1,3-phenylenebis(methylenoxy)lcalixarcne (16). Method A: a. 39%; b, 2%; c, 16%. 

16a: co lorless crysta ls. mp 206-209 °C: 1H NMR (500 MHz, D 1, 55 °C) 8 0.96 (s, 36H), 1.43 

(s, 18H), 1. 81 (s, 121-[) , 3. 18 (d. J = 14 .3 Hz, 2H), 3.20 (s. 12H), 3.32 (d, J = 15.4 Hz, 4H), 4.24 (s, 

4H). 4.30 (d. J = 14.3 Hz, 2H), 4.42 (d, J = 15.4 Hz, 4H), 4.56 (d, J = 12.5 Hz, 4H), 4.62 (d, J = 

12.5 Hz, 4 1-1), 5.70 (s, Il-l) , 6.85 (u. J = I. Hz, 41-1). 6.94-6.96 (m, 12H). 7.02 (t, J = 7.5 Hz. 1 H). 

7.05 (d. J = 8.2 Hz. H) , 7.11 (d. J = 7.5 Hz, 2H). 7.30 (s, 41-1); ''C NMR ( 125 MHz, CDC!,, 

55 °C) 8 22.25 (ql. 28.9 1 (t), 30.53 (t). 31.26 (ql, 31.62 (q). 34.09 (s), 34.26 (. ), 37.16 (q), 71.65 

(t). 74.03 (1), 121 .67 (d) . 122.62 (d), 124.55 (d), 125.30 (d), 126.55 (d), 127.95 (d), 127.98 (d), 

128.42 (d), 132.43 (S). 132.90 ( ·). 133. I 7 ( ), 137.57 (S), I 38.73 (s). 143.73 (s), 145.84 (s), 

146.31 (s). I 51.73 (s). 152.69 (s), 170. 18 (s). AnaL Calcd fo r C11Jl n4N40 11l'2Hp: C, 77.96; H, 

7.92: , " . 19. Found: C, 78. 19; J-1. 7.64; N. 3.23. 

16b: co lorless crys ta ls: 11-1 NMR (500 MHz, CDC!,) 8 0.96 (s, 36H), 1.30 ( , 181-l), 1.93 (s, I 21-J ), 

3.3 1 (s, 12H), .37 (d. J = 15.3 Hz. 4 1-1 ). 3.70 ( . 4 1-1 ), 3.78 (s, 4H), 4.30 (d. J = 15.3 Hz. 4 H), 4.67 

(s, I H), 4.83 (d, J = 110Hz, 4H ), 4.90 (d, J = 11.0 Hz, 4H), 5.32 (br, 2H), 6.13 (t, J = 7.5 Hz, 

I H), 6.56 (d . J = 2.0 Hz. 4H), 7.06 (d. J = 2.0 Hz, 4H), 7.11 (s. 41-1). 7.27 (d. J = 8.0 Hz, 8H). 

7.65 (d, J = 8.0 Hz, 8H); HRMS (FAB•) observed mlz 1720.0 188, calcd for C 11.H ~',N,0 , 0 
1720.0 178. 

l6c: co lor les solids; 'H MR (500 MHz, CDCI1, 35 oq 8 0.11 (s, 9H), 0.89 ( , 9H), 1.17 (s, 9H), 

1.27 (s. 9H). 1.35 ( ' , 9H). 1.38 (s, 9H), 1.77 (s, 31-1 ), 1.80 (s, 3H). 1.84 (s. 3H . 1.88 (s, 3H), 3. 17 

(d. J = 12.5 Hz, I 1-1), 3. 17 (d, J, = 14.0 Hz. I H), 3. 18 (d. J = 15.9 Hz, I H), 3.20 ( x 2, 6H), 3.22 

(s, 3H), 3.26 (s. 3H). 3.58 (d. J = 16.9 Hz. lH), 3.6 1 (d, J = 13.4 Hz, I H), 3.66 (d. J = 12.8 Hz, 

I H), 3.72 (d, 1= 12.8 Hz, I H), 391 (d, J= 13.4 Hz, 11-1 ),4.08 (s . 21-l), 4.25 (d, J = 16.9 Hz, JH), 

4.26 (d . .!= 12.5 Hz, !H), 4.32 (d. J = 14.0 Hz, I H), 4.44 (d, .I= I 5.9 Hz, I H), 4.49 (d. J = 12.7 

Hz, I H), 4.52 (d, J = I 5.4 Hz, 11-l), 4.56 (cl. J = I 1.9 Hz, I H), 4.57 (d, J = 15 .4 Hz, I H) , 4 60 (d, J 

= 12.4 Hz, I H). 4.61 (cl, J = 11.9 Hz, IHJ. 4.63 (d. J = 12.7 Hz. I H), 4.73 (d. J = 11.6 Hz. I H), 

4.78 (d. J = 12.4 Hz, I H), 5.20 (d, J = 11.6 Hz. I H), 5.44 (s, I H) 6.19 (d. J = 1.8 Hz, I H), 6.6 

(brei , J = 5.8 l-I z, 2H), 6.88 (d . J = 1.7 Hz, !H) , 6.91-7.04 (m, 16H), 7.12 (d, J = 2.3 Hz, 11-I), 7. 14 

(d, J = 2.1 Hz, I H), 7. 18 (d, J = 7.9 Hz, 2 1-1). 7. 19 (d, J = 7.8 Hz, 2H), 7.30 (cl, J = 1.7 Hz, JH), 

7.35 (d, J = 2.3 Hz, 1H). 7.39 (d, J = 2.1 Hz, I H), 7.40 (d, J = 2. 1 Hz, I H), 7.44 (d, J = 2.1 Hz. 

I H), 7.49 (d, J = 7.8 Hz, 2H); '3C NMR ( 125 MHz. CDCI3, 35 ac) 8 22.32 (g X 3), 22.38 (q), 
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28. 12 (t x2), 30. 15 ( l ). 30.63 (q), 3 1.02 (q), 3 1.44 (q), 3 1.56 (q). 3 1. 59 (q), 31.64 (q), 32.29 (L). 

33. 17 (l). 33.30 (s). 33.78 (s). 34. 10 (s). 34. 17 (s), 34.26 (SJ, 34.54 (s), 37.04 (q), 37. 13 (q x3), 

3942 (l). 7 1. 1 (l), 71.74 (l ), 72.47 (l), 73.37 (l). 73.89 (t), 74.12 (l), 121.30 (d). 12 1.67 (d), 

122.02 (d). 122.88 (d). 124.46 (d), 124.83 (d). 125.28 (d), 125.50 (d), 125.68 (d), 126.00 (d), 

I26.45(tl), 126.52(tl), 126.67(tl).l26.81 (dx2). 12708(d). l27.14(d), 127.84(d). I28.16(d), 

128.25 (d). 128.38 (d), 128.57 (d x2). 129.28 (d), 131.32 (s), 131.35 (s), 13 1.82 (s), 13 1.92(s). 

132.7 1 (s), 132 3 (s), 132.89 (s), 133.29 (s). 133.47 (s), 133.67 (s) . 134.02 (s). 134. 18 (s) . 137. 17 

(s).l37.52(s).l37.77(s), 137. 8(~X2). 138.68(s), 143.54(s). 143.60(s), l4367(s), 143.97( ), 

145.65 (. ). 145.73 (s X 2), 145.83 ( ). 146.46 (S), 146.56 ( ). 151.48 ( ). 15 1.79 (s). I 52.05 (s X 2), 

15:!.94 (s) . 154.32 (s), 170.24 (s), 170.34 ( ), 170.45 (. x 2); 1-IRMS (FAB +) ob er-ved m/z 

1720.0L3, cnlcd fo r C11 .,H 11,N40, 0 1720.0 178. 

37,38,40,41-Tetrakis(4·bromobenzyloxy)-5, 11 , 17,23,29,35-hexa-tert-butyl-39,42-[1 ,3-

phenylenebis(methylenoxy)Jcalix[6]arene (17). Method A: a , 33%; c. 30%. Method B: a, 

88%. 

17a: colorles · crystals. mp 161-163 °C; ' H MR (500 MHz, CDCI1) i5 0.95 (s. 36H). 1.42 (s, 

ISH), 3.23 (d. J = 14.2 Hz. 2H). 3.38 \d, J = 15.3 Hz. 4H), 4. 18 (~. 41-1 ), 4.30 (d, J = 1. 4.2 Hz, 21-1), 

4.38 (d, J = 12.5 Hz, 4H), 4.40 (d, J = 15.3 Hz, 4 1-l ). 4.5 1 (d, J = 12.5 Hz, 4H). 5.59 (s, 1H), 6.77 

(d. J = 8.2 Hz, 8H), 6 83 (d, J = 1.4 l-1 7, 4 1-1 ), 6.97 (d, J = J .4 Hz, 4H), 7.09 (s. 3H), 7. 19 (d, J = 

8.2 Hz, 81-1 ), 7.31 (., 4 1-l); 11C MR ( J 25 MHz, CDCI1) i5 28.57 ( l), 30.34 (L), 3 1.24 (q), 3 1.64 (q), 

34.05 (s), 34.26 (s), 7 1.42 (t), 73.87 (t). 120.92 (d) . 1. 20.98 (s). 122.55 (d), 124.47 (d), J 25.16 (d). 

126.9 J (d L J 27.92 (d). 128.45 (d), 13 1.00 (d), 132.36 ( ), 132.90 (s). 133.08 (s), 136.59 (s), 

138.34 (s), 145.62 (s). 146. 10 (s), 15 1. 63 (s), 152.6 1 (s) . Anal . Calcd for C 11nH 11oBr40 6: C, 

69.94: H. 6.33: Br, 18.25. Found: C, 69.69; H. 6.35: Br, 18. 18. 

l7c: co lorl e s cry. tals mp J 62- 166 °C; 1H NMR (500 MHz. CDC!;) i5 0. 12 (s . 9H), 0.92 (s, 9H), 

1.1 7 ( , 9H), 1.29 (s. 9 1-1 ), 1.37 (s, 91-1 ), 1.38 (s, 9H), 3.22 (d, J = 13. 1 Hz, I H), 3.24 (d. J = 14.0 

Hz, I HJ, 3.3 1 (d, J = 16. 1 Hz. JH), 3.5 1 (d,J = 17.5 Hz. I H), 3 .58 (d. J = 13.4 Hz, I H), 3.60 (d, J 

= 12.5 Hz. I H). 3.65 (cl, J = 12.5 Hz, 1 H), 3.87 (d, J = 13.4 Hz, 1H), 4.05 (d, J = 16.8 Hz. I H), 

4.06 (d, J = 16.8 Hz. I H). 4. 17 (d, .I= 17.5 Hz. I H). 4.3 1 (d, J = 13. 1 Hz, I H), 4.33 (d , J = 14.0 

Hz, I H), 4.40 (d, J = 12.4 Hz, I H), 4.48 (d, .I= 16.1 Hz, I H), 4.48 (d, J = 12.6 Hz, I H), 4.49 (s, 

21-1), 4.54 (d, J = 12.4 Hz. I H), 4.66 (d, 1 = 11.6 Hz, I H), 4.68 (d . f = 12.6 Hz, 1 H), 5.08 (d, J = 

11 .6 Hz, J H). 5.37 (s, I H). 6. 15 (d, J = 2.0 Hz, I H), 6.60 (d, J = 7.5 Hz. JH ), 6.66 (d . .I= 8.3 Hz, 

2H), 6.73 (d, J = 8.3 Hz, 2H). 6.8 1 (d. J = 2.0 Hz, I H), 6.8 1 (d. J = 1.7 Hz, !H), 6 95 {d, J = 7.5 
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Hz, I H) , 6.96 (d , J = 2.4 Hz, I H). 6.99 (d, J = 8.2 Hz, 21-1), 7.02 ( I. J = 7.5 Hz, !H), 7.04 (d, J = 

2.4 Hz, I H). 7.09 (d. J = 2.8 Hz. I H ), 7.09 (d. J = 2.2 Hz, I H), 7. 11 (d. J = 8.3 Hz, 2 H), 7.16 (d. J 

= 8.3 Hz. 2 H), 7.22 (d • .1 = 8.4 Hz, 2 H), 7. I (d. J = 1.7 Hz. I H ). 7.32 (d. J = 8.2 Hz. I H), 7.36 (d, 

J = 2.8 Hz. I H), 7.39 (d, J = l.9 liz. I H). 7.42 (d. J =22 Hz, 11-1), 7.46 (d . J = 1.9 Hz. I H), 7.48 

(d. J = 8.4 Hz, 2 H): ''c 1 MR ( 125 Ml-lz. CDCl1l 827.89 (t), 28.02 (t) . 30.09 (1) , 30.58 (q), 3 1.04 

(q). 3 1.47 (q). 3 1.54 (q), 3 1.63 (q}. 3 1.70 (q). 32.45 (t), 33.17 (t), 3.29 (s), 33.8 1 (s) . 34. 11 (s), 

34.19 (s), 34.27 (>), 34.-7 (s), 39.37 (t). 71.20 ( I). 7 1.82 (r). 72.50 (t), 73.35 (t), 73.83 (t) , 74.02 

(t). 120.79 (s), 12 1.05 (d), 12 1.1 4 (s). 121. 17 (s), 12 1.32 (s), 121.87 (d), 121.98 (d). 123.0 1 (d), 

124.52 (d). 1-4.84 (d), 125.25 (d). 125.59 (d) , 125.8 1 (d), 125.97 (d) , 126.80 (d) , 126.88 (d), 

127. 15 (d), 127.90 (d), 128.22 (d), 12 .52 (d), 128.53 (d). 128.83 (d), 128.90 (d), 129.39 (d), 

130.90 (d). 131.05 (d). 13 1.24 ( ). 131.32 (d). 131.37 (s), 13 1.51 (d), !3 1.8! (s), 131.95 (s), 

132.69 (s). 132.83 (s) , 132.69 (s), 132.83 (s), 132 97 (s), 133.35 ( ), 133.44 ( ). !33 .66 (s). 134.03 

( ), 134.26 ( ·), 136.45 (sl. 136.87 (s). 137.06 (s), 137.17 (s), 137.38 (s), 138.49 (s), 145.69 (s) . 

145.72 (s x 2), 145.83 (s), 146.42 (S), 146.49 (s). 151.62 (s), 151.89 (s), 152.05 (s), 152.17 (s), 

153.04 (s). 154.36 ( ). Anal. Calcd for C 10,H110Br.,06: C. 69.94: H. 6.33 ; Br, 18.25. Found: C, 

69.7-1; H. 6.27: Br. 18.25. 

38,39,41 ,42-Tet•·aiJenzyloxy-37 ,40-[2-bromo-1 ,3-phenylenebis(methylenoxy) )-5, 11 ,17,23,29, 

35-hexa-terl-hutylca1Lx[6jarene (6).1" 0 Method A: a . 58%: h, 16%. Method B: a , 62%: b , 

14%. 

37,40-[2-B•·omo-1 ,3-phenylenebis(methylenoxy)]-5, 11 ,17,23,29,35-hexa-tert-butyl-38,39,41, 

42-tetntkis[4-(N-methylacetamido)benzyloxy]calix[6]arene (18). Method A: a , 59%: b , I I%. 

Method B: a, 64%; b , 22%. 

!Sa: co lorl ess crystals, mp 259-262 °C: 'H MR (500 MHz, CDC!, . 55 °C) 8 I .04 (s, 36H), 1.45 

(s, ISH). 1.84 (brs, 121-1 ), 3. 14 (d, J = 15.1 Hz, 2 1-1 ), 3.22 (s, 12 H), 3.30 (d, J = 15.3 Hz, 4H), 3.89 

(., 41-1). 4.30 (d. J = 15. 1 Hz. 2H), 4 .48 (d. J = 12.1 Hz. 41-1 ), 4.49 (d, J = 15.3 Hz, 4H), 4.5 1 (d, J 

= 12. 1 l-Iz, 4H), 6.82 (t, J = 7.5 Hz, I H). 6.84 (s. 4H), 7.0 1 (d, .I= 8.2 Hz. 81-l), 7.14 (d. 1= 8.2 

Hz, 81-I), 7. 18 (d, 1= 7.5 Hz, 2H). 7.3 ! (s.4H); 13C NMR ( 125 Mllz, CDC!,, 55 °C) 822.21 (q), 

26.84 (I). 30. 8 1 (l). 3 1.46 (q), 3 1.64 (q) . 34. 10 ( ·), 34. 15 (s), 37. J 6 (q), 72.53 (t). 74.19 (t), 122.83 

(s), 124.77 (d). 125.19 (d), 125.43 (d), 125.82 (d), 126.53 (d), 128.50 (d), 128.82 (d), 131.54 (s), 

131.96 (s) . 133.85 (s), 137. 19 (s), 137.33 (s), 143.87 (s). 144.85 (s), 145.54 (s) , 151.96 (s), 152.67 

(s), 170.14 (s\. AnaL Calcd for C 11 ,H m BrN,0 10·HP : C, 75.35; 1-l, 7.49; N, 3.08; Br, 4.40. 

Found: C. 75.2 1: H, 7.3 1; N. 2.69; Br, 4.49. 
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!Sb: colorless rystals, mp > 300 °C; 'H JMR (500 MHz, CDC!, 55 °C) 80.99 (s, 361-I). 1.29 (s. 

91-1 ). 1.3 1 (s , 9 1-1 ), J.93 (brs, 12I-Il, 3.3 1 (d. J = 15.9 Hz, 2H), 3.3 1 (s, 121-l), 3.39 (d, J = 15.7 Hz, 

21-1). 3.67 (deL J = 1.6. 7.6 Hz, 11-1 ), 3.77 (d, J = 12.5 1-lz. 21-1 ), 3.82 (d , J = 12.5 £'!z , 21-1 ). 4.00 (s, 

2Hl. 4.08 (d, J = 15.9 Hz. 21-l). 4. 15 (s. 2 H), 4.50 (d. J = 15.7 Hz, 21-1 ), 4.83 (d. 1 = 11.3 Hz, 21-1), 

4.85 (cl, J = 11 .0 Hz, 2H), 4.87 (d, J = 11.3 Hz, 21-1 ). 4.93 (d, J = 11 .0 Hz, 21-I). 6. 15 (t, J = 7.6 Hz. 

!H ). 6.62 (br. 21-1), 6.74 (d , 1 = 1.5 Hz, 2H). 6.84 (del. J = 1. 6, 7.6 Hz, I H), 7.00 (d, J = 2. 1 Hz. 

21-1), 7.1 2 (>. 41-1 ), 7. 13 (cl, J = 1.5 Hz, 2H), 7.26 (d. J = 8.2 l-I z, 4H), 7.27 (d, J = 8.2 Hz, 4H), 

7.61 (d, J = 8.2 l-I z, 41-1), 7.6 (d. J = 8.2 l-Iz, 4 1-l); nc NMR (125 MH z, CDC!), 55 °C) 822.4 1 

(q) . 22.43 (q). 29.05 (t), 29.5 1 (t), 31.39 (q), 3 1.46 (q), 3 1. 58 (q). 3 1. 61 (q), 34.10 ( ), 34. 11 (s), 

34. 19 (S X2) , 34.99 (t). 37.26 (q X2). 71.32 (l), 73.39 (t), 73.47 (t). 74.38 (l), 124.17 (d), 125. 13 

(d), !25.35 (d), 126.72 (S), 127 19 (d), 127.24 (d), 127.32 (cJ), 127.63 (d), 128.0 1 (d), 128. 14 (d), 

12904 (d). 129.84 (d). 130.67 (d). 131.35 (d), 13 1.79 (s), 132.1 1 ( x2), 132.46 (s) , 132.49 (s) . 

132.53 (. ). 133.37 (SJ, 136.46 (s), 137.36 (s), 137.74 (s), 144.4 1 (s), 144.62 (s), 144.88 (s) , 144.99 

(s). 145 03 (s). 145.50 (s). 149.99 (s), 152.79 (s). 153.85 (s), 154.43 ( ), 170.4 1 (s x2). Anal. 

Calcd fo r C, 14 1--1 1.,B r _, 0 10-H,O: C, 75.35; 1-l, 7.49: N, 3.08: Br, 4.40. Pound: C, 75.40; H, 7.35; N. 

3. 15: Br. 4.40. 

37 ,40-[2-B romo-1 ,3-phenylenebis(methylenoxy)]-5,11 ,17 ,23,29 ,35-hexa-tert-butyl-38,39,41, 

42-tet.-akis(4-cyanobcnzyloxy)calix[6jarene (19). Method A: no tetrasubstitu ted product was 

obtained. MNhod B: a, 83%; b, 16%. 

19a: calori es crystals , mp 2 11 -213 °C; 1H NMR (500 MHz, CDCI3) 8 1.03 ( , 36H), 1.45 (s, 

181-1 ), 3 20 (d . .I = 15.0 Hz, 21-1 ), 3 .. 7 (d. J = 15.0 Hz, 41-1 ), 3.87 (.. 4H), 4. 19 (d, J = 15.0 Hz, 21:-1), 

4.44 (d, J = 15.0 Hz, 4H), 4.48 ( , 81-1), 6.83 (d. J = 1.7 Hz. 4H), 7.00 (t, J = 7.5 Hz, !H), 7.05 (d, 

J = 8. 1 l-I z. 8 1-1 ), 7.20 (d . J = 1.7 Hz, 41-l ), 7.27 (d, J = 7.5 Hz. 21-J ). 7.34 (s, 4H), 7.41 (d, J = 8. 1 

Hz. 8H); " C MR 125 Ml-lz, CDCI3) 8 26.59 ( l). 30.56 (t), 3 1.43 (q). 3 1.66 (q), 34.1 4 ( ), 34.22 

(s), 72.20 (t). 73.7 1 (t), 111 .2 1 (s) , 11 8.52 (s) , 122.52 (s), 124.90 (d), 125.20 (d), 125 .40 (d), 

125.98 (d), 127 .22 (d), 128.6 1 (d), 13 1.1 8 (s), 13 1.7 (d), 13 178 (s), 13 .75 (s). 137.37 ( ), 

142.60 (s), 145.00 (s), 145.83 (R). 15 1.59 (s), 152.38 (s). Anal. Calcd for C1116H 11l'>BrNJO -2Hp : 

C. 77. 12; 1-l , 6.90 , 3.39; Br, 4.84. Found : C, 77.47; 1-1 , 6.68; N, 3.44; Br, 4.66. 

19b: colorl e>s crystals, mp > 300 °C; 'H NMR (500 -MHz, CDCI_,) 8 0.98 (s, 36H), 1.28 (s, 9H), 

1.3 1 (s, 9H), 3.27 (d . .I= 15.3 Hz, 2H), 3.35 (d, J = 15.8 Hz, 2H), 3.62 (dd , J = 1.3, 7.5 Hz, I H), 

3.70 (d, J = 12.8 Hz. 2H), 3.74 (d. J = 12.8 Hz, 2H), 3.96 (s, 2H), 4.01 (d. J = I 5.3 Hz, 2H), 4 .12 

( , 2H). 4.43 (d, .r = 15.8 l-Iz. 2H). 4.89 (s, 4H), 4.9 1 (d, J = 11.9 Hz, 2I-I) , 4.96 (d, J = 11.9 Hz, 
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2H). 6. 15 ( L. J = 7.5 Hz, I H), 6.60 (br, :!1-L), 6.74 (br, 21-1), 6.86 (del, J = 1.3, 7.5 Hz, I H), 6.9 1 (d . 

J = 2.2 Hz, 21-1 ), 7.0 I (cl. J = 2. Hz. 21-1 ). 7.10 (s. 21-l), 7. 11 (s. 21-l). 7.67 (d, J = 8. 1 Hz, 41-1), 7.74 

(d. J = 8.3 Hz, 4H), 7.75 (d. J = 8. 1 Hz, 4 H), 7.75 (d, J = 8.3 Hz, 4H); " C MR ( 125 MHz, 

CDC!,) 0 28.83 (t). 29.29 (t), 3 1.24 (q), 3 1.27 (q), 3 1.53 (q). 3157 (q), 34.07 ( X 2), 34. 11 (S), 

34. 18 (s). 34.97 (t), 7 1 l3 (t), 73.03 (t), 73.20 (t), T .89 (t), I 11.75 (s), 111.96 (s), 118.7 J (s) . 

11 8.73 (s), 124.22 (d ). 125.02 (d), 125.46 (d), 126.55 (s), 127.00 (d), 127.56 (d), 127.87 (d), 

127.98 (d x2). 12 .69 (d ), 130.62 (d), 131.26 (d), 131.46 (s) . 131.84 (s) . 13 1.96 (s), 132. 14 ( ). 

132.22 (<;) . 132.35 (~). 132.47 (d), 132.54 (d), 133.21 ( ). 136.33 ( ), 142.83 (s). 143.23 (sJ, 

l44.94(s), l45.08(s). l45.29(s),l45. 4(s), 149.65(.), 152.36(s), l5 3.34(sl, l54. 12(s). Amu. 

Calcd for C, 06H,00BrN,0.·2 H,O: C. 77.12: H, 6.90 N. 3.39; Br, 4.84. found: C, 77.47; H, 6.77; N, 

3.82: Br. -t. i 9. 

37,40-[2-Bromo-1,3-phenylenebis(methylenox)'ll-5,11 ,17,23.29,35-bexa-/ert-butyl-38,39,41, 

42-tetrakis(4-pyr-idylmethoxy)calix[6]arene (20). Method A: no tetra ·ubstituted product was 

obtained. Method B: a , 59%; b. I I%. 

20a: colorle s crystals, mp 233 •c (dec); 'H NM R (500 MHz. CDC13) o 1.04 (s, 361-l) , 1.45 (s. 

ISH ). 3.27 (d, J = 15.0 Hz, 2H). 3.38 (d. J = 15.2 Hz. 4H), 3 93 (s, 41-i), 4.25 (d. J = 15 .0 Hz, 2H), 

4.45 (d . J = 13.3 l-I z, 4 1-1 ), 4.47 (d. J = 15.2 Hz, 41-l ), 4.48 (d. J = 13.3 Hz, 4H), 6.84 (d, J = 1.6 Hz. 

4H), 6.89 (d, J = 5.8 Hz, 81-1 ), 7.08 {t, J = 7.5 Hz. 1 H). 7.21 (d, J = 1.6 Hz, 41-l) , 7.34 (s, 4H), 7. 4 

(d, J = 7.5 Hz, 2H), 8.38 (d, J = 5. Hz. 8H); " C NMR (125 MHz. CDCI3) o 26.56 (t), 30.55 (t), 

3 1 .43 (q). 31.65 (q), 34. 12 (s), 34. 18 (s). 72. 16 (L). 72.94 (l), 12 1.20 (d). 122.58 (s), 124.88 (d), 

125.52 (d). 125.68 (d), 12 .94 (d), 128.59 (d), 13 1.23 (s), 13 1. 68 (s). 133.77 (s), 137.26 (s). 

144.82 (s), 145.76 (s). 146.14 (s), 149.49 (d ), 151.60 (s), 152.39 (s); AnaL Calcd for 

C9Rl-l ,O'J BrN,06+110 : C. 76.59; H, 7.28; N, 3.65; Br, 5.20. Found: C, 76.80; H, 7.32; , 3.64; Br. 

5.38. 

20b: colorl ess cry·tals, mp >300 •c; 'H NMR (500 MHz, CDC!,) 8 1.017 (s, ISH). 1.020 (s. 

18H). 1.28 (s. 91-l). 1.3 1 (s, 91-l). 3.27 (d, J = 15.7 1-l z, 2H), 3.35 (d, J = 15.7 Hz, 21-l) . 3.69 (del. J 

= 7.6, 1.8 Hz, Il-l) , 3.72 (d, 1 = 12.8 Hz, 21-l ), 3.77 (d. 1 = 12.8 Hz, 21:-l), 4.01. (s, 2H), 4.04 (d, 1 = 

15.7 Hz. 2H). 4.20 (s, 2I-J), 4.46 (d. J = 15.7 Hz, 2H), 4.85 (d, J = 12.7 Hz, 2H), 4.88 (d, J = 12.7 

Hz, 21-1), 4.9 1 (s, 4H), 6. 22 (t, J = 7.6 Hz. !H), 6.62 (br. 2H), 6.76 (brd, J = 2.4 Hz. 21-l), 6.92 (dd, 

1 = 7.6, 1.8 Hz. LH), 6.97 (d, J = 2.4 Hz. 2H), 7.08 (d, J = 2.4 Hz. 21-l), 7.10 (s, 2H), 7.11 (s, 2H). 

7.49 (cl , 1 = 5.6 Hz, 4H), 7.57 (d, J = 5.8 Hz, 4H), 8.69 (d. J = 5.6 Hz. 41-1), 8.70 (d, J = 5.8 Hz, 

41-1); t:•c NMR ( 125 MB z, CDC!,) 828.83 (t). 29.26 (t). 31.30 (q), 3 1.34 (q), 31.53 (q), 3 1.56 (g), 
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34.05 (s) . 34.1 I (s). 34 16 ( x 2), 34.90 (t), 7 l.l 3 (I), 72.26 (t) , 73. 10 (I), 73.25 (L). 121.88 (d). 

122.49 (d). 124.27 (d), 125.06 (d). 125.52 (d), 126.51 ( ), 127.02 (d), 127.53 (d), 127.88 (d), 

127.94 (d). 130.67 (d) . 131. 19 (d), 13 1.50 ( ). 13 1.87 (s) . 13 1.94 (s). 132. 16 (s), 132. 19 (s), 

132.35 (S). 133.24 (s), 136.37 (s). 144.81 (s), 144.98 (>), 145.3 (s). 145.9 1 (s), 146.37 (s), 146.77 

(s), 149.73 (:-), 150.07 (d), 150. 17 (d), 152.38 (s), 153.3 (s), 154.20 (s). Anal. Calcd for 

C,H,.,Br ,0 6 0.75CHCI3: C, 73.74; H. 6.88: , 3.48; Br, 4.97: CI, 4.96. Found: C, 73.96; f-1 , 

7.08; N, 3.47: Br, 4.89; Cl, 5.33. 

37 .40-[2-B romo-1 ,3-phenylenebis(methy lenoxy )] -38,39 ,41,42-tetrakis[(N-meth yl­

acetamido)benzyloxyjca lixf6]arene (21). Method A: a . 35%: b. 3 1 %; c, 8%. 

2la: co lorl es crystal s. mp 296-302 °C; 'H NMR (500 MHz. CDCI,, 55 °C) 8 1.84 (s, 12H), 3. 18 

(d . ./= 15.0 Hz. 2H), 3.22 (s. 12H). 3.34 (d, J = 15.4 Hz. 4H). 4.36 (d, J = 15.0 Hz, 2H), 4.37 (s, 

4H). 4.46 (d, ./ = 15.4 Hz. 4 1-1 ), 4.51 (d . ./= 12.2 Hz. 4H). 4.56 (d, ./ = 12.2 Hz, 4H), 6.74 (d, J = 
7.6 Hz, 4 1-1 ), 6.80 (1, ./ = 7.6 Hz. 4H), 6.94 ( l, J = 7.6 Hz. I H), 6.99 (d, ./ = 8.1 Hz, 81-l ), 7.07 (1, ./ 

= 7.3 Hz, 2H). 7.09 (d, J =7.6 Hz,4H), 7. 12 (d . .!= 8. 1 F-l z, 81-1 ), 7.20 (d, ./= 7.61-lz, 2H ), 7.25 (d, 

J = 7.3 Hz, 4 H); "C NM R ( J 25 MHz, CDC\ 3, 55 oq 8 22.28 (q) . 27.23 (1). 31.07 (1), 37 20 (q), 

72.37 (t). 74.10 (1) . \22 .34 (d), 123.93 (d), 124.94 (S), 125.03 (d), 126.68 (d), 126.96 (d), 127.90 

(d), 128.68 (d), 129.01 (d), 131.62 (d), 13 1.9 1 (s). 132.52 (s) . .134.60 (s), 137.07 (s). 137.63 (s), 

144.02 (s). 154. 13 (s). 155 .1 I (s) . 170. 12 (s). Anal. Calcd for C90H ,Br 40 10·0.25CHCI3·21fp: 

C. 70.92; H, 5.89; N, 3.67; Br, 5.23; Cl. 1.74. Found . C. 7l.26; H, 5.73; . 3.73; Br, 5.23; Cl. 

2.00. 

2Ib: co lorless crystal , mp 189- 194 °C; 'H MR (500 MH z, CDCJ1 • 55 °C) 8 1.92 ( , 12H), 3.29 

(d, .! = 15.9 Hz, 2H), 3 .30 (s, l2H), 3.35 (d, .! = 15.9 Hz, 2H), 3.72 (d, .! = 12.8 Hz, 2H), 3.74 (d, 

J = 12.8 Hz, 2 H), 3.86 (del , J = 7.6 Hz. 14 Hz, I H), 3.99 (s. 2l'J), 4. 10 (d, .! = 15.9 Hz, 2H). 4.37 

( . 2H). 4.40 (cl, .! = 15.9 Hz, 2H), 4.85 (d, .! = 12.1 Hz, 2H), 4.86 (d, J = .I 2.1 Hz, 2H), 4.96 (d, J 

= 1 1.9 Hz, 2H). 4.98 (d, J = I J .9 Hz, 2H), 6.20 (l..! = 7.6 Hz, Il-l ). 6.31 (d, J = 7.5 Hz, 2H). 6.53 

(l. J = 7.5 Hz, 2H), 6.60 (d, .! = 7.6 Hz. 2H), 6.71 (I, .!= 7.6 l-Iz, 2H), 6.87 (del, J = 7.6 Hz, 1.4 Hz, 

I H), 6.94 (l, J = 7.5 Hz. I H). 7.0 l (l, .! = 8. 1 Hz, 1 H). 7.04 (d. J = 7.5 Hz, 2H), 7.08 (d, .! = 8. 1 

Hz. 21-1), 7.08 (d . .!= 7.5 Hz, 2H). 7.24 (d, J = 7.6 Hz, 2H), 7.25 (d, J = 7.9 Hz. 4H), 7.25 (d, J = 
8.2 Hz, 4H ), 7.53 (d. J = 7.9 Hz, 4H). 7.57 (d, .! = 8.2 Hz, 4H): 13C NMR ( 125 M.Hz, CDC!,, 

55 °C) 8 22.28 (q X 2), 29.55 (1), 29 65 (l). 33 .03 (l), 37. 12 (q X 2), 71.34 (l), 73.92 (l), 74. 15 (t). 

74.30 (i), 122.45 (d), 122.97 (cl ), 123.34 (d), .1.23.42 (d), 125.01 (d), 126. 14 (s), 127. 14 (d), 

127.17 (d), 127.62 (d), 128.57 (d), 128.85 (d), 128.88 (d), 129.25 (d), 129.75 (d), 130.20 (d), 
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130.29 (d), 13 1.11 (d), 13 1.17 (d). 132.59 (s) , 132.88 (s), 133.33 (~) . 133.36 (s), 133.44 (s). 

133.86 (s). 136.65 (sl , 137. 11 (s). 137.33 (s), 144.24 (s), 144.35 (s), J 52.69 (s), 154.63 (s), 155.54 

(SJ, 157.'27 (s) , 170 .3 1 (s x 2). Aoal. Calcd fo r !(1 1-l~<.,Br ,, 0 10·2 H,O: C, 72 .1 3; H. 5.99; N, 3.74; 

Br, 5.33. Found. C. 72.25: 1-l, 5.1)0: N, 3. 5; Br. 5.39. 

2lc: co lorl e s so lid; 'H NMR ( 00 MJ-lz. C DC!,, 50 °C) 8 1.83(s, 6 H), 1.91 (s, 61-l ), 3. 1 (d, J = 

14.0 Hz, I H ). 3. 19 (d. J = 1. 5.6 Hz, I H), 3.227 (s, 31-1 ), 3.234 (s, J H). 3 .28 1 (s, 31-1), 3.288 (s, 3H). 

3.37 (d. J = 16 0 Hz, I H), 3.46 (d. J = 15.7 Hz, I H), 3.64 (d, J = I 5.9 Hz, I H ). 3.72 (d. J = 14 .6 

Hz, I I-l l. 3.73 (cl. J = 14 .6 Hz, I 1-l ). 4.00 (d. J = 12.2 Hz, I H), 4.05 (d, J = 12.2 Hz. I H), 4.06 (d. J 

= 15.9 Hz, I H). 4.20 (d, .I= 11.8 Hz, I H), 4.28 (d, ./ = 15.6 Hz. 11-1), 4.35 (d, J = ll .8 Hz. I H), 

4.35 (d. J = 1-i.O Hz. I H ), 4.40 (d, ./ = 16.0 Hz. I H). 4.42 (d, J = I 5.7 Hz, 1 1-1), 4.45 (d, ./ = 12.0 

Hz. I H). 4.52 (d . ./= 12.2 1-lz, I H), 4.52 (d, J = 11 .3 Hz. I H), 4.53 (d, J = 12.0 Hz, I H). 4 .55 (d, J 

= 11 .9 Hz, I H). 4.62 (d, J = 11.3 Hz. 1 H). 4.64 (d, 1 = 12.2 Hz, 11:-1), 4. 68 (d. J = 11.9 Hz, I 1-:1 ), 

6.34 ( l, J = 7.5 Hz, I H). 6.39 (d, J = 7 .5 Hz, I H). 6.52 (r, J = 7.5 Hz, LH), 6.64 (d. J = 7 .3 H z, 

I H). 6.66-6.70 (m, 21-l), 6.82 (t. J = 7.3 Hz, I H), 6.84-6.88 (m, 31-1), 6.89 (d, J = 7.5 Hz, I H), 6 .96 

(d, J = 7.0 Hz, 11-1), 6.99-7.02 (m. 3H), 7.06-7.25 (m. 181-l) , 7.28 (d. J = 8.2 Hz. 2H), 7.41 (d. J = 
7.9 H z. 21-1); 1 'C NMR ( 125 MHz. DC1,. 50 °C) 822.30 (q), 22.37 (q), 28.29 (!). 30. 80 (l), 3 1.32 

(t) . 3 1.85 (!), 32.90 (l), 35.73 ( l), 37. 19 (q), 72.95 ( l), 73.72 ( t), 74.30 (l), 74.34 (!) , 74.90 ( l), 

75.07 (l). 122.30 (d). 122.62 (d). 123.29 (d), 123.73 (d), 125.33 (d), 125.85 (S) , 126.74 (d), 

126.89(d X2), 127.05 (d), 127.55 (d), 127 .64 (d). 128.20 (d), 128. 7 (d), [28.59 (d), 128 .63 (d). 

128.9 1 (d), 129 02 (d). 129. 18 (d), 129.34 (d), 129.70 (d), 129.74 (d), 130 .57 (d), 130. 85 (d), 

13 I 12 (~). 13 1 27 (d) , 13 1.44 (d). 13 1.9 1 (d), 132.02 (d), 132.58 (s) . 132.86 (s). 133.4 1 (s), 

133.63 (s) , 133.86 (s). 134.04 ( ). I '4.5 1 (s), J 34.56 ( ), 135.30 (s) . 137. 1 I (s) , 137.39 (s) , 137.74 

(s), 143.95 (.), 144.26 (s x2), 144.36 (br, X3), 154.08 (s). 154.39 (s), 155. 11 ( ), 155.87 (s). 

155.93 (s) . 157.58 (s) , 170.1 3 (s), 170.1 6 (s). 170 .36 (s) , 170.45 (s). Anal. Calcd for 

C.,11H~5BrN,0 , 0 · 21-1 ,0 : C, 72. 13; H . 5.99; N, 3.74: Br, 5.33. Found : C, 72. 14; H, 5.83: N, 3.74; 

Br, 5. 11 . 

37 ,40-[2-B •·omo-1 ,3-phenylenebis( methylenoxy) ]-38,39,41,42-tetrakis( 4-pyridylmethoxy ) ­

calixf6]arcne (22). Me thod B: a , 66%: b: 7%. 

22a : co lorl ess crystals. mp >300 °C; 'H MR (500 MHz, CDCI1) 8 3.3 1 (d, .! = 14.7 Hz, 2 1-!). 

3.43 (d, J = 15.4 Hz, 41-1 ), 4.33 (d, J = 14.7 Hz, 2 H), 4.4 1 (d, J = 13.4 Hz, 41-l) , 4.43 (s, 4H), 4.46 

(d, J = 15.4 Hz, 4 H), 4 .51 (d, J = 13.4 Hz, 41-l) , 6 79 (d, 1 = 7.3 Hz, 4H), 6.85 (l , J = 7 .3 Hz. 4H). 

6.86 (d. J = 5.6 H z, 8H), 7 .09 (t. J = 7.5 Hz, 2H), 7 .11 (t, .! = 7.4 Hz, lH), 7. 15 (d, J = 7.3 Hz, 
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4H), 7.29 (d. J = 7.5 Hz, 4H), 7 .35 (d, J = 7.4 Hz, 21-! ). 8.37 (d, J = 5.6 Hz, 8H); " C NMR ( 125 

MHz. CDC!, ) 8 26.76 (t), 30.73 (t), 7 1.98 (t). 72.75 (t), 12 1.06 (d). 122.35 (d). 124. 19 (d) , 124.45 

(s). 125.62 (d). 126.92 (d) , 128.08 (d) , 129.98 (d). 131.50 (s). 131.70 (d). 132.24 (s), 134.51 (s) , 

1 ~7.56 (s). 145.98 (s). 149.60 (d). 153.75 (s) , I :4.74 (s). Anal. Calcd [or c;,H61BrN
4
0

6
-H

2
0: C, 

74.05: H, 5.29: N. 4.67; Br, 6.66. Found: C, 74.34: 1-f . 5.42; N. 4.68: Br, 6.59. 

22b: co lorless crystals. rnp >300 °C; 1H MR (500 Ml-fz. CDC! ,) 8 3.3 1 (d , .I= 15.7 Hz. 2H), 

337 (d. J = 15., 1-fz, 2 1-!), 3. 70 (d, .I = 12.8 1-fz, 2H), 3.72 (d, J = 12.8 Hz, 2 1-J ). 3.86 (del , J = 7.6 

1-f z, 1.4 Hz. !H). 4.02 (S. 2H), 4.08 (d . J = 15.7 Hz. 2H), 4.38 (d , J = 15.8 Hz. 21-l), 4.41 (. , 21-1), 

4. 3 (d. J = 13.2 I-lL, 2H), 4.89 (d, J = 13.2 Hz, 21-1 ). 4.93 (d. J = 13.1 Hz. 21-f). 5.0 I (d. J = 13. 1 

Hz, 21-J ). 6.27 (l. .I= 7.6 Hz, !H). 6.35 (d , J = 7.6 Hz, 21-1), 6.59 (l, J = 7.6 Hz, 2H), 6.65 (d, ./ = 

7.7 Hz, 21-! ), 6.78 (t. .I= 7.7 Hz. 2H), 6.94 (del, .I= 7.6 Hz, 1.4 Hz, I H), 6.95 (t, J = 7.5 Hz, I H), 

7.04 (t. J = 7.4 Hz. I H), 7.05 (d , J = 7.5 Hz, 2 1:-I). 7.05 (d , J = 7.6 Hz, 2H), 7.1 1 (d, J = 7.4 Hz, 

2H) , 7.22 (d , J = 7.7 Hz, 2H), 7.44 (d, J = 5.4 Hz, 4H). 7.49 (d, J = 5.4 Hz, 41-!), 8.69 (d. J = 5.4 

Hz. 41-! ). 8.70 (d. J = 5.4 Hz. 41-l ): ~'C MR ( 125 MHz, CDC!, ) 8 29.49 (l), 29.52 ( t), 33 .26 (t), 

7L.34 (t). 72.70 (t) , 72.99 ( t) , 74.15 (t) , 121.56 (d), 12 1. 65 (d), 122.6 1 (d), l23.15 (d). 12373 (d), 

123.83 (d). 125.19 (d), 126. 13 (s), 127.92 (d), 129. 16 (d), 129.37 (d), 129.98 (d), 130.23 (d) , 

130.42 (d), 13 l.25 (d), 131.29 (d), 132.37 (s). 132.41 (s), 132.76 ( ), 133.20 (s), 1 ~3.28 (s), 

133.57 (s). 133.79 (s), 136.76 (s) , 146.40 ( ) , 146.59 (s), 150.16 (d), 150.2 1 (d), 152.65 (. ), 

154.41 (. ), 155.29 (, ), 1257.23 (s). Anal. Calcd for C74H61 BrN4 0 6·3H20: C, 71.89; H, 5.46; N, 

4.53: Br. 6.46. Found: C. 7 I .54; H, 5.14; , 4.37; Br, 6.49. 

38,39 ,4J ,42-Tetrabenzyoxy-37 ,40-[5-b romo-1 ,3-phe.nylenebis(methylenoxy) ]-5, 11,1 7 ,23,29, 

35-hexa-terl-butylcalixl6]arene (23) . Method A: a , 52%; c, 4%. Method B: a , 77% . 

23a: co lorless crystals, mp 224-229 °C; 1 H NMR (500 MHz, CDCL,) /5 0.94 (s. 36H). 1.41 (s, 

18H). 3.22 (d, J = 14.2 Hz, 2H), 3.3 1 (d. J = I 5.4 Hz, 4H), 4.11 (s, 4H), 4. 6 (d, J = I 5.4 Hz, 41-l) , 

4.39 (d, 1= 14.2 Hz, 21-l ), 4.55 (d. J = 12.2 Hz, 41-1). 4.59 (d. J = 12.2 Hz, 4H), 5.55 (s, I H), 6.80 

(d. J = 2.0 Hz, 4 1:-1 ), 6.97 (d, J = 2.0 Hz, 4H), 7.00-7.02 (m, 81-f), 7.14-7. 17 (rn, 121-I), 7.27 ( ·. 41-l). 

7.28 (s. 21-1); 13C NMR ( 125 MHz, CDCI.,) 8 28.76 (t), 30.53 (t), 3 1.29 (q). 31.65 (q). 34.06 (s), 

34.27 (s} , 70.82 (t) , 74.93 (t), 11 9.93 (d), 121.34 (s), 124.38 (d), 125.15 (d), 125.75 (d) , 127.05 

(d), 127. 12 (d ), 127.78 (d), 128. 11 (d), 132.62 (s) . 132.99 (s). 133.35 (s), 137.77 ( ), 140.90 (s) , 

145.39 (s). 146.1 8 (s). I 52.08 (s), 152.55 (s). Anal. Calcd for C102H1t,BrO,: C, 78.99; H, 7.60. 

Found: C, 79.02; H. 7.32. 

23c: co lorle-s solid; 1H MR (500 MHz, CDC11) o 0.12 ( , 9H), 0.90 (s, 9H), 1,16 ( , 91-f ), 1.25 ( , 
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9H). 1.36 (~. 9H), J.37 (s, 9H). 3.18 (d, .I= 14.1 Hz. I H), 3. 19 (d, .I= 13.3 Hz, 1H), 3.25 (d . .!= 

15.9 Hz. 1 H). 3.46 (d . .I= 13.8 H:z.. I H). 3 .56 (d, J = 17.4 Hz, 1 H). 3.64 (d, J = 12.4 Hz, 1 H), 3.7 1 

(d, J = 12.4 1-Lz, 1 H), 3.85 (cl, J = 13.8 Hz. I H), 4.0 (s, 2H), 4.20 (d. J = 17.4 Hz. 1 H ). 4.31 (cl, J 

= 14.1 Hz, 1 H) . .f.36 (d. J = 13.3 Hz. I H), 4 38 (d, J = 12.7 Hz. I H), 4.40 (d, J = 11.9 Hz. I 1-f) . 

4.44 (d . .I= 12.7 Hz, I H), 4.52 (cL .I= 15.9 1-tz. I H). 4.54 (d . .I= 12.0 Hz. 11-l). 4.62 (d. J = 11 .9 

Hz. I H) . .f.62 (d. J = 12.0 Hz, 1 H). 4.69 (cl, J = I 1.8 Hz. lH), 4.72 (d, J = 11 .6 Hz, 1 H). 4.89 (d. J 

= 11.8 Hz. I H). 5.23 (d, J = 11.6 Hz, I H), 5.26 (s, 11-1). 6.13 (d . .I= 2. 1 Hz. !H), 6.71 (s, lH), 

6.84 (d. J = 1.9 Hz. I 1-l ). 6.90-6.92 (m, 3H). 6.97-6.99 (m. 3!-l), 7 08 (d . .!= 2.3 Hz, I H), 7.09 (d, 

1= 2.4 Hz, 11-l) , 7.14-7.17 (m, 71-l), 7. 19-7.22 (m,4H), 7.22(5, IH), 7.29 (d . ./= J.9Hz, 11-l), 

7.3 1 (t. J = 7.4 Hz. 11-l). 7.34 (d . .I = 2.4 Hz, LH), 7.35-7.39 (m. 4H), 7.41 (d. J = 2 .3 Hz, IT-l), 

7.43 (cl, .I= 2.0 Hz. I H), 7.48 (d. J = 7.3 Hz, 21-f); "C NMR ( 125 MHz, CDC!,) 8 27.97 (t). 28.08 

(tl. 0.16 (t). 30.60 (q). 30.98 (ql. 31 .51 (q x 2). 3 1.62 (q), 31.70 (qJ, 32.08 (t), 33.1 1 (l), 33.27 (s). 

33.74 (s), 34.07 (s). 34. 15 (S), 34.17 (S). 34.5 1 (. ). 39.26 (l), 70.31 (t). 72.37 (t), 72.50 (t), 73.63 

(t), T.07 ( t), 75.10 (t). 119 77 (d), 121.09 (s), 123.01 (d), 124.26 (d), 124.56 (d), 124.75 (d), 

124.95 (d), 125.23 (d), 125.43 (d). 125 .77 (d). 125.87 (d). 126. 19 (d), 126.84 (d) , 126.94 (d), 

127.07 (cl). 127. 11 (d), 127 16 (cl), 127.24 (d), 127.45 (d), 127.54 (d), 127 .57 (d), 127.73 (d). 

128.06 (d), 128.14 (d x 2), 128.22 (d), 128.44 (d), 1-9. 18 (d). 131.34 (s). !31.66 (s), 131.94 ( ). 

132.0 I (s). 132.74 (. ). 132.93 (s). 133. 15 (s), 133.39 (. ). 133.45 ( ), 133.63 ( ), 134.4 1 (s). 134.49 

( ). 137.60 ( ), 137 98 (s), 138.27 (s), 138.28 (s), 139 .59 (s). 14l.l4 ( ), 145.30 (s), 145.35 (sJ, 

145.64 (s), 145.82 (s). 146.49 (s), 146.56 (s) . 151.67 (. ). 152.07 (s), 152.50 (, ), 152.68 (s x 2), 

154 09 (~). AnaL Calcd for C,02H111Br06: C, 80.87: H , 7.52; Br. 5.27. Found: C, 80.92: H, 

7 .46; Br, 5.40. 

38,39,41,42-Tetra benzyloxy-5, I 1 ,17 ,23,29,35-hexa-/ert-butyl-37 ,40-[2-ethynyl-1,3-

Jlhenylenebis(meth)' lenoxy)]ca lix(6]a rene (24). Method B: a , 70%. 

24a : co lorless crystal., mp 187- 191 °C; 'H MR (500 MHz. CDC I,) 8 0.50 (s. I H), 1.04 (s, 361-f ). 

l.40 (s, 18 1-f ). 3.22 (d, J = 14.5 Hz. 21-l ). 3.30 (d, J = 15.3 Hz. 41-l), 4.37 (s, 4 1-J ), 4.43 (d . .I= 12.0 

Hz, 4 1-l ), 4.44 (d. J = 14.5 Hz, 2 1-1), 4.46 (d. J = 15.3 Hz. 4H). 4.50 (d, J = 12.0 Hz, 4H) , 6.74 (d, J 

= 1.9 Hz. 41-I ). 6.90 (l, J = 7.6 Hz, I H), 7.02 (d, .I= 7.2 Hz, 8H), 7.1 1 (t, J = 7.2 Hz, 8 H), 7.16 (t, 

1 = 7.2 Hz, 4 HJ, 7. 17 (cl, J = 7.6 Hz, 21-I), 7.19 (d. J = 1.9 Hz. 4H), 7.24 (s, 4H); "C NMR ( 125 

MHz. CDCJ1) 8 27. I (t), 30.89 ( t), 31.57 (q) , 3l.7 1 (q), 34.1 1 ( '), 34. 17 (S). 7146 (t), 74.90 (l), 

75.28 (s). 85.55 (cl). 11 9.34 (s). 124.33 (tl) , 124.78 (d). 125.41 (cl), 126.86 (d), 127. 11 (cl), 127.5 1 

(cl ), 127.95 (d), 128. 19 (d), 132.23 (s), 132.48 (s), 133.92 (s), 137.90 (s), 140.24 (s), 144.52 (s). 



hnptt'r 2 !-J'ymhese.\' tuul Structures oJCoufornul/imwfly Fro::;.en lsonlers ofBriclged Ca/Lr/6]arenes 60 

144.99 (s) . 152.22 (s), 152.72 (s). Anal. Calcd for C 11l_, H,"0 6·0.5H20: C, 85.03; H, 7.89. 

Found : C, 84.9 1; 1-l, 7.88. 

38,39 ,41,42-Teh·abenzyloxy-5, 11,17,23,29 ,35-llexa-/ erl-butyl-3 7 ,40-[2-phenylethynyl-l ,3-

phenylenebis(methylenoxy)jcaJjx[6jareoe (25). Method A: a' . 1591.; b, 12%. Method B: 

disub; titutcd product 30. 75%. 

25a' : colorless cry tals, mp >300 °C; 'H MR (500 Ml-l z, CDCI, ) /5 1.09 ( . 36H), 1.28 (s, ISH), 

3.24 (d . J = 15.6 Hz. 4H). 3.27 (d, J = 12.8 Hz, 2H), 3.86 (d, J = 7.5 Hz, 21-l), 4.40 (d, J = 15 .6 Hz, 

41-l). 4.5 1 (s, 41·1), 4.5 1 (d, J = 12.8 1-!z, 21-!), 4.74 (t, J = 7.5 Hz, IJ-1). 4.76 (d, J = 12. 1 Hz, 4H), 

4.87 (d. J = 12. 1 Hz, 4H). 6.59 (d, J = 1.5 Hz, 4H), 6.98 (t . .I = 7.3 1-lz, 81-l), 7.07 (s, 4H), 7.11 (!. 

J = 7.3 Hz, 4 HJ, 7.27 (d. J = 1.5 Hz, 4 1-l ), 7.26-7.29 (m. 3H) . 7.34 (d. J = 7.0 Hz, 8H), 7.65 (d, J = 
7.0 Hz. 2H); "C NMR ( 125 MHz, CDC! ,) /5 27.33 (t), 29.83 ( l), 31.42 (q), 3 1.64 (q), 34.09 (s x2). 

73.28 (t), 75.52 (t), 87.44 (s), 98.59 (s), 124.7 1 (s), 124.83 (d), 124 .86 (d), 125.05 (d), 127.09 (d), 

127.2 1 (d). 127.3 .1 (d), 127 .42 (sj. 127 .64 (d x2), 127.95 (d), 128 .14 (d), 132.50 (d), 133.2 1 (s), 

133 .40 ( x2), 136.59 ( ). 137.94 (s), 144.20 (s), 144.86 (s), 152.7 1 (s). 153.14 (s) . AnaJ. Calcd 

for C1,0H 11 0 6·0.5H20 : C, 85.5 1; H, 7.76. Found: C, 85.38; H, 7.73. 

25b: colorlcs · crystuls, mp 166- 17 1 °C; 11-1 NMR (500 MHz. CDCJ,) /5 0.56 (s, ISH). 0.98 l , 

181-1 ), 1.27 (s, 9H). 1.39 ( , 9H), 3.30 (d, .I= 15.4 Hz, 21-1 ), 3.38 (d, J = I 6.0 Hz, 2H), 3.53 (cld , .! 

= 7.8, 1.3 Hz. I l-l), 3.68 (d. J = 13. 1 Hz, 21-J), 3.76 (cl, J = 13.1 Hz. 2H), 4.09 (s, 2H), 4 .20 (s, 2H), 

4.2 1 (d, .I= 15.4 Hz, 2H), 4.43 (d . .I= 16.0 Hz, 2H), 4.65 (d, J = 11.0 Hz, 21-1 ), 4 .80 (d, J = 11.2 

Hz, 2H), 4.83 (d . .I= I 1.0 Hz, 2H). 4.90 (d, J = I 1.2 l-I z. 2J-I), 6.25 (t, J = 7 8 Hz, I H), 6.48 (br., 

2H), 6.67 (del, J = 7.9, 1.4 Hz, 21-1 ). 6.82 (dd, .I= 7.8, 1.3 Hz, I H), 6.90 (d. J = 2.4 Hz. 2H), 6.98 

(s x2, 4H ), 7.05 (s, 2 1-1 ). 7.08-7. 13 (m. 3H), 7.26-7.33 (m, 6H). 7.32 (s, 2H), 7.36 (t, .I= 7 .4 Hz, 

2H), 7.43 (t, J = 7.4 Hz. 41-1), 7.48 (d, J = 6.7 1-l z, 4H), 7.54 (d, J = 7.4 Hz, 41-1 ); " C 1MR ( 125 

MH z, CDCI , ) /5 28.77 ltl. 29. 15 ( t) . 30.68 q), 3 1.33 (q), 3 1.62 (q), 3 1.84 (q), 33.49 (s), 33.98 (s), 

34.06 (s), 34 .33 ( ), 36.3 1 (t), 69.26 (t), 73.98 (t), 74.26 (t) , 74.55 (L), 86.02 (s), 95.36 (s), L22.22 

(s), 123.7 1 (d). 124.26 (s), 124.61 (d), 126.86 (ell, 127.08 (cl x2), 127 .51 (cl), 127.58 (cl), 127.65 

(d), 127.7 1 (d), 127.93 (cl). 127.98 (d), 128.02 (cl), 128 .44 (cl), 128 .47 (d), 128.8 1 (d), 129.50 (d), 

129.87 (d). 13 1.42 (s), 131.67 (s). I 32.26 (d), 132.28 (s), 132 .47 (s), 133.03 (s), 133. I 6 (s), 

135.48(s), 137. O (s) . 137. 7 (s), 138.30(), 144. 16 0, 144.73( ), 144.90 (sx2), 1.49.96(s), 

153.03 (s), 154.27 (s), 156.43 (s). Anal. CaJccl for C110H1,80 6·H10: C, 85.0 I; H, 7.78 . Found: C, 

84.80; 1-1, 7.56. 

30: colorless crystaL ' mp 192- 197 °C; I 1-l NMR (500 MJ-I z, CDC!,) /5 0.97 (s, ISH), .1.26 ( ' 181-l), 
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1.29 (s, ISH), 3.03 (d. J = 13.4 Hz. Il-l ), 3.1 3 (d. J = 13.5 Hz, 21-1), 3.29 (d , J = 12.9 Hz, Il-l ), 3.37 

(cl . J = 14 .8 Hz, 2 1-1), 3.88 (d, J = 13.4 Hz, I H), 4.44 (d, J = 9.0 Hz, 21-l), 4 .52 (d , J = I 3.5 Hz, 

21-! ). 4.6 1 (d. J = 12.9 H z., I H). 4.63 (d. J = 14.8 Hz. 2H), 4.83 (d. J = J 1.1 Hz, 2H), 4.89 (d , J = 
11.1 Hz, ~ H ), 5.58 (d. J = 9.0 Hz, 21-l), 6.26 (d, J = 1.9 Hz, 21-1 ), 6.32 (d, J = 7.6 Hz. 21-1). 6.44 (t, 

J = 7.6 Hz, 21-1), 6.75 (cl , J = 7.6 Hz. I H). 6.75 (u. J = 2.2 Hz. 21-1 ). 6.85 (L J = 7.6 Hz, !H), 7.03 

(d, J = 2.2 Hz, 2H), 7.07 (d, J = 2.3 Hz, 2H), 7. 13 (d, J = I .9Hz, 21-!), 7.21 (cl, J = 2.3 Hz, 21-1), 

7.42-7.46 (m. 8H), 7.50 (s, 2 H), 7.60-7.63 (m. 4H ): ''C NMR ( 125 MH z. CDC!,) o 27.97 (t). 

31.30 (t), 31.34 (q), 31.48 (q). 3 1.48 ( t), 3 1.73 (q). 32.66 ( t), 33.80 (s), 33.95 (s) . 34.22 ( ). 76 .1 8 

It), 76.65 (tl. 87. 16 (s). 95.75 (~) . IL20 (s). 123.28 (d), 123.57 (s), 125. 14 (cl), 125 .24 (d), 

125.68 (d), 125.77 (d), 127.06 (cl}, 127.24 (d), 127.39 (s), 127 .66 (s), 12801 (d ). 128. 12 (d). 

I 28.46 (cl ), 128.54 (cl). 129. 16 (cl). 13 1.16 (d). 13 1.96 (s), 132.07 (. ), 132. 13 (d), 133 .2 1 (s) . 

133.68 (s). 138. 12 (. ), 1 J .41 (s) . 1-l-1.60 (s), 144.96 (~). 146.63 (sJ. 150.30 (s), 152.13 (s), 152.42 

(. ). Anal. Calcd fo r C96H ,060 6·H20 : C. 83.93; H. 7.92. Found: C, 84.1 6; H, 7.84. 

38,3\1 41,42-Tetrabenzyloxy-5, 11,17,23,29,35-hexa-tert-butyl-37 ,40-[2 5-d.imethoxy-1 ,3-

phenylenebis(methylenoxy)]calix[6]arene (26) . Method A: a. 27%; b, 10%; c, 3%. Method 

B: a, 87%. 

26a: co lorl es; crystal , mp 23 1-235 °C; ' 1-1 NMR (500 MHz. CDC!,) 80.95 (s, 31-1), 1.02 (, 361-1) , 

1.43 (s, 18H), 3. 19 (cl, J = 14.3 Hz. 2H), 3.32 (d, J = 15.3 Hz, 4I-l ), 3. 36 (s, 3!-1). 4.21 (,, 4H). 4.55 

(d, J = 15.3 Hz. 41-!), 4.55 (d. J = 14.3 Hz, 2H), 4.60 (s, 8H), 6.68 ( , 21-1), 6.7 1 (d. 1 = 2.1 Hz, 

4H), 7.04 (d, J = 7 .5 Hz . 81-IJ , 7.09 (t, J = 7.5 Hz. 8H). 7. 15 (l, J = 7.5 .Hz. 4Hl, 7. 18 (d. J = 2.1 

Hz. 41-J). 7.29 (s. 41-1) : 11C NMR (125 MHz, CDC!~) o 26. 70 ( l). 30.90 (t), 3 1.54 (q), 3 1.71 (q), 

34.05 (~). 34.20 (s), 54 .82 (q), 60.23 (q), 69.06 (t), 74.74 (t). l J 1.07 (d). 123.92 (d). 1.25.35 (d ), 

127.00 (d). 1 ~7. 14 (d), 128 .00 (d), 128 .16 (d). 132.26 (s), 132. 5 (s). 133.03 (s), 133.77 ( ). 

137.87 (s), 144.85 (SJ, 144.9 1 ( ), 149.93 (s), 152.22 (s). 152.8 1 (s), 154. 17 (.) . Anal. Calcd. fo r 

C,O-iH m0 8·0.5H20 : C. 83.00: H, 7.97. Found: C, 82.97; H., 7.86. 

26b: co lorl ess rystal s, mp >300 °C; 'H NMR (270 MH z, CDC I,. 60 °C) o 0.99 (s x 2. 36H), 1.33 

(s, 9H), 1.34 (s, 9H), 2.14 (s . 31-1), 3.05 (s, 31-l ), 3.33 (d. J = 15 .5 Hz, 2H), 3 .33 (d, J = 15.6 Hz. 

21-1 ), 3. 72 (d, J = 12.8 Hz. 2 1-1 ), 3.79 (d. J = 12.8 Hz, 2H), 3.96 (s . 2H), 3.98 (s. 2H), 4.14 (d, J = 

3.0 Hz. I H). 4. 15 (cl, J = 15.5 Hz, 21-1 ), 4.19 (d, J = 11 .2 Hz, 2H), 4.45 (d, J =I I .2Hz, 2H), 4.49 

(d, J = 15.6 Hz, 2 1:-1 ). 4 .75 (d. J = 10.7 Hz, 2H). 4.87 (d, J = 10.7 Hz, 2H), 6. 18 (d, J = 3.0 Hz. 

I H), 6.82 (brs, 4H). 6.98 (d, J = 2. 3 Hz. 2H), 7 .10 (d, J = 2.3 Hz, 21-l), 7.14 (s, 2 1-1), 7.26-7.42 (m, 

141-1 ). 7.45-7.52 (m, 8H); ';C NMR (68 MHz, CDC1 1, 60 °C) o 29.05 (t), 29.51 ( t). 3 117 (q). 
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3 I .40 (q). 3 l.69 (q) . 3 1.74 (q), 34. I 3 (S X2), 34. I 6 (S X2), 35.38 (t), 54.96 (q). 6 I .83 (q), 65.58 (l ), 

69.51 (t) . 74.2 1 (t) . 75.10 (t). I 15.90 (d) . I 17.13 (d). 123.22 (d), 126.09 (d), 127.54 (d), 127.61 

(5) . 127.78 (d). 127.85 {d), 128.1 I ld), 128.20 {d), 128.26 (d), 128.4 1 {d X2), 128.64 (d), 128.89 

(d). 129.94 {s). 131.31 (s). 13 1.40 {s). I 31.67 (~). 132.81 (s), I 33. I I (s x 2), 137.78 (s) , 138.40 (s), 

143.78 (s). I 44.53 (S) , 144 81 (. ), 145.76 (s), 150.00 (>) , I 5 1.74 (>), \52.7 I (s) , I 53.07 (s), I 53.63 

(s , 155.69 (s . Anal. Calcd for C104H, " 0 8: C, 83.49; H. 7.95. Found: C, 83.26; H. 7.78. 

26c; colorless so lid; 11-1 NMR (500 MHz, CDC!,) 80.64 (~. 9H), 0.77 {s, 9H), I .00 (s , 9H), I. I 6 (s. 

9H). 1.34 (s. 91 !)_ l.36 (s, 3H), 1.40 (s. 9!-1). 3.06 (d. J = 14.2 Hz. I H), 3. \9 (d, J = I 6.5 Hz, I H), 

3.27 (d, J = 14. I Hz. Il-l) , 3.3 1 (d. J = I 1.8 Hz, I H). 3.35 (d. J = 12.3 Hz. 1 H), 3.36 (d, J = I I .8 

Hz. !H). 3.37 (s, 3H), 3.39 (d. J = 16.3 Hz, !H) .. 62 (d, J = l5.6 Hz, !H), 3.69 (d, J = 12.3 Hz. 

I H), 3. 9 (d. J = 13.5 Hz, I H), 4.02 (d, ./ = 13.5 Hz. I H), 4.05 (d . ./= 13.4 Hz. I H), 4.08 (d, J = 

13.4 Hz. 11-l). 4.20 (d. J = 16.3 Hz, I H), 4.25 (d, J = 16.5 Hz, !H), 4.42 (d, ./ = 14.2 Hz, I 1:-1), 4.50 

(d, J = I 5.6 Hz. 1 H) , 4.58 (s, 2H), 4.65 (d, J = I 1.4 Hz, I H) , 4.67 (d, J = ll.4 Hz, lH), 4.82 (d, ./ 

= 11.7 Hz. I H). 4.85 (d, J = 14. I Hz, 1 H) , 4.94 (cl, .I= I 1.7 Hz, I H), 6.14 (d , J = 1.8 Hz, I H), 

6.39 (d, J = 3.0 l-Iz, I 1-{). 6.47 (d. J = 2.0 Hz, I H), 6.87 (d, J = 7.4 Hz. 2H). 6.94 (d, J = 2.2 Hz. 

\H ). 7.03 (d. J = 1.9 Hz. I H), 7.04 (d, J = 3.0 Hz, I H), 7.06 (d. J = 2. 1 Hz, I H), 7.09-7. 19 (m. 

81-1) , 7.21 -7.24 (m, 21-l ). 7.26-7.35 (m, I I H), 7.38 (d. J = 2.2 Hz. !H). 7.39 (d, J = 2.4 Hz. ll-1 ). 

7.45 (d. J = 7.7 Hz. 2H); 'JC NMR ( 125 Ml-lz, CDC!;,) 8 25.40 (t), 29.70 (l), 30.14 (l), 30.88 (q), 

31.08 (q), 3 1.41 (q), 31.55 (q), 31.66 (q), 3 1.71 (q). 32.72 (t). 33.72 (s), 33.82 (s). 33.90 (t), 34.01 

(s). 34. 19 (s), 34.26 (s), 34.29 (s), 35.64 (l), 55.26 (q), 60.92 (q), 68.05 (t), 73. 19 (l), 74.02 (l) , 

74.64 (1). 74.84 (l), 76.65 (l), I I 1.36 (d), I 12.57 (d), 123.66 (d), 123.92 (d). l24.23 (d), 124.57 

(dl. 125.63 (d X2), 126.00 d), 1.26.40 d), 126.93 (d), 127.08 (d), 127.27 (d). 127.37 (d). 127.42 

(d), 127.49 (d), I 27.63 (d), 127.65 (d), 127.96 (d). 128. 19 (d X 2). 128.28 (d), 128.48 (d), 128.64 

(d), 128.73 (d) . 129.04 (d). 13 1. 59 (s), I 3 1.89 ( ), 132.6 1 ( ), 132.65 (S), 133.13 (S), 133.43 ( · X 

2), 133.58 (s), 133.62 (s), 133.87 (~). 133.95 (s) , 134.08 (s) . 134.24 (s), 134.88 (s), 137 .52 (s), 

138. I I s), 138.26 (s) , 138.95 (s), 144.59 (s), 144.84 (s). 145.37 (s), 145.53 ( ), 145.63 ( ), 145.98 

(s). 149.03 (s). 152.85 ( ), 153.00 ( ·). I 53. 16 (s), 153.37 (s). 154.42 (s), 154.86 (s), 156.59 (s). 

Anal. Calcd for c, ()A HIIKOS: c. 83.49; H, 7.90. Found: C, 83 .23; I-1 , 7.90. 

38,39,41,42-Tetrabenzyloxy-37,40-[5-bromo-2-methoxy-1,3-phenylenebis(methylenoxy)J-

S,ll,l7,23,29,35-hexa-tert-butylcalix[6]arene (27). Method A: a, 35%; b, 7%; c, 7%. 

Method B: a , 93%. 

27a: colodess crystals, mp 291.-300 oc (dec); 'H NMR (500 MI:-Iz, CDCI3) 8 0.95 (s, 3H), 1.00 ( , 
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361-1 ). 1.43 (s. ISH). 3 12 (d, J = 1-U Hz. 21-1 ), 3.25 (d, J = 15.3 Hz. 4H), 4. I 0 (.'>, 4H), 4.47 (cl, J 

= 15.3 Hz, 4 H). 4.50 (d. J = 14.5 Hz, 21-1). 4.64 (d. J = 12.1 Hz, 41-1 ), 4 67 (d, J = 12. 1 Hz, 4 H). 

7.01 (d . .I= 1.5 Hz. 4H), 7.08-7. 19 (m, 241-1), 7.26 (s, 4 1-f), 7.40 (:-, 21-1); "C NMR (125 MHz. 

CDC!.) 8 26.78 (t), 30.84 (tl, 3 1.49 (q), 3 1 69 (q), 34.04 (s). 34.22 (s). 60.54 (q), 68.55 (t). 74.84 

(t), I 15.07 (s), 123.88 (d), 125.22 (d) , 127. 11 (d X 2), 127.93 (d), 128. 13 (d), 128.87 (d), 132. 19 

(sl, 133.39 (,). 133.70 (s), 134.45 (s). 137.78 (s), 144.85 (s), 145.25 (d), 152.26 (s). 152.77 ( ), 

155.67 (s). Anal. Calcd for C1u1H11 ,Br07·1·!10: , 79. 15; H, 7.54; Br, 5.11. Found: C. 79.15: H, 

7.40; Br. 5.3 1. 

27b: colorl ess crystal , mp >300 °C: ' I-I NMR (270 MHz. CDCJ,. 60 °C) 8 0.98 (s, 18H). 1.06 (s, 

18H), I 2 (s. 91-1). 1 38 (s, 9H), 2.2 1 (s. 3H), 3.3 (d, J = 15.5 Hz. 2H), 3.33 (d, J = 15.8 Hz, 2H), 

3.72 (d . .I= 12.8 Hz. 21-1 ), 3.8 1 (d, J = 12.8 Hz, 2H), 3.95 (s, 21-1), 3.99 (s. 21-1), 4.09 (d. J = 15.5 

Hz. 21-1 ). 4 18 (d. J = J 15Hz, 2H), 4.46 (d. J = 15.8 Hz, 2H), 4.5 J (d, J = 115Hz, 21-1), 4.73 (d, .! 

= 11.0 Hz. 2H), 4.75 (d, J = 2.5 Hz. I H), 4.87 (d, J = 11.0 Hz, 2H), 6.75 (d, J = 2.5 Hz, I H), 6.79 

(s. 2H). 6.94 (s. 2H), 7.00 (d, J = 2.3 Hz, 21-1). 7. 10 (d, J = 2.6 Hz. 21-1), 7. 12 (s, 21-1), 7.28 (s, 21-l ), 

730-7.42 (m, 121-T). 7.50 (d, J = 6.6 Hz, 8H); "C NMR (68 MHz, CDCJ, , 60 °C) 8 28.75 (t). 

29.51 (t). 31.40 (q, 31.43 (q), 3162 (q), 31.72 (q). 34.13 (s x2). 34. 25 (s), 34.29 (s), 35.47 ( t), 

62.00 (q), 65.00 (t), 68.62 (t), 74.07 (t), 75. 15 (t), 113.83 (s), 123. 10 (d), 126.07 (d). 127.55 (d). 

127.76 (d x2), 127.88 (cl), 128. 16 (d). 128.27 (d) , 12 .35 (d), 128.44 (d), !28.68 (d). 128.93 (d), 

130.58 (s), 131.12 (s), J3l.J 8 ( ), 131.86 ( ). 132.15 (s), 132.59 C), 133. 15 (s) . 133 .17 (s), 133.5 1 

(d). 133.77 (d) . 137.70 (s) . 138 .32 (s) . 143.97 (s) . 144.57 ('), 145.34 (s). 146.22 ( ) . 151.2 1 ( ), 

152.99 (S), 153 .52 (s), 155.5 1 (s). Anal. Calcd for C, 01H 115Br07: C. 80.08: H, 7.50: Br. 5.17. 

Found: C. 79.85; H. 7.32: Br. 5.54. 

27c: colorless cry ta1s, mp 269-272 °C; 11-l NMR (500 MHz. CDCI,) 80.62 (s, 9H), 0.77 (s. 9H). 

0.98 (s, 9H), I. 14 (s, 91-1), 1.35 (s, 9H), 1. 39 (s, 9H). 140 ( , 3H), 2.93 (d, J = 14.2 Hz, I H), 3. 12 

(d, J = 14.0 Hz, I H), 3. 14 (d, J = 16.2 Hz, I H), 3.34 (d, J = 12.5 Hz, 1 H). 3.36 (d . J = 12.1 Hz. 

I H). 3.37 (d. J = 12. L Hz, I H), 3.39 (d. J = 16.3 ~lz, ll-1), 3.63 (d, J = 15.7 Hz, I H), 3.69 (d, J = 

12.5 Hz, I H), 3.89 (d, J = 13.5 Hz, I H), 4.02 (d. J = 13.5 Hz. I H). 4.10 (cl , J = 13.1 Hz, LH), 4.13 

(cl, J = 13. 1 Hz. I H), 4.1 9 (d, J = 16.2 Hz. I H), 4.21 (d, J = 16.3 Hz, I H), 4.30 (d, J = 14.2 Hz, 

I H), 447 (d, J = 15.7 Hz, I H), 4.62 (s, 2H), 4.65 (d, J = II .Hlz, I H), 4.67 d. J = 14.0 Hz, I H ). 

4.76 (d. J = 11.7 Hz, I H). 4.8 1 (d, J = 11.6 Hz, I H), 4.91. (d, J = 11.6 Hz, I H), 6.16 (d, J = 14Hz, 

I H), 6.47 (d, J = 1.9 Hz, I H), 6.90 (d, J = 74 Hz. 2H), 6.99 (d, J = 2.0 Hz, LH), 6.99 (d. J = 2. 1 

Hz, I H), 7.04 (d.J = 2.1 Hz, I H). 7.05 (d.J=2.2 Hz, I H), 7.14-7.16 (m, 4H), 7.21-7.24(m, 7H), 
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7.27-7.38 (m. 121-l). 7.42-7.44 (m. 2H). 7.75 (d, J = 2.2 l-i z, 1 H): "C NMR ( 125 MHz. CDC!,) 8 

25.63 (t), 30.0-+ (!), 30.25 (t), 30.90 (q), 3 1.05 (q), 31.4 1 (q), 31.52 (q), 3 l.64 (q), 3 1.69 (q), 32.60 

(t). 3 . 71 (s). 33.82 (>), 34.00 (t), 34.07 (s), 34. 16 (s), 34.29 (s x 2). 35.47 (t), 61.07 (q), 67.53 (L), 

73.30 (l), 73.72 (t), 73.97 (l), 75.00 (l), 76.57 (!). 76.75 (l), 115.16 (s), 123.46 (d), 124.03 (d). 

124.17 (d) . 124.48 (d), 125.72 (d). 125 95 (d), 126.65 (d), 126.82 (d), 127.23 (d), 127.37 (d). 

127.44 (d), 127.52 (d), 127 .61 (d), 127.68 (d). 127.97 (d), 128.15 Ccl). 128.35 (d x2), 128.42 (d), 

128.47 (dl. 128.57 (d). 128.62 (d), 128.89 (d), 129.68 (d), 130.48 (d), 13 1.87 (s), 132.58 (s) . 

133.02 (s). 133.23 (;). 133.34 (;). 133.45 (s), 133.63 (s). 133.67 (~). 133.83 (s), 133.95 (s), 134.00 

(s). 134.09 (,). 134. 19 (s), 134.38 (d), 135.02 (s), 137.65 (s), 138.04 ( ), 138. 12 (s), 138.58 (s), 

144.62 ( ), 144.99 (s). 145.30 (.), 145 62 (s), 145.82 (s), 146.22 (s). 152 .84 (s) , 152.90 (s), 152.91 

(s). 153.32 (s), 1.54.55 (s), 154.67 ( ), 156. 13 (s). Anal. Calcd For C, 03 HmBr0 7·l-l20: C. 79.15: 

H. 7.54; Br, 5.11. Found: C, 79.34: 1-1 , 7.5 1: Br. 5.58. 

38,39 ,4 l ,42-Tett·abenzy1oxy-37 ,40-[5-bromo-2-met hylthio-1,3-phenylenebis(methylenoxy) ]­

S, l1 ,17,23,29,35-bexa-lerl-butylcalLx[6]arene (28). Method B: a. 48%. 

28a : colorless crystals, mp 281-292 oc (dec); 'H NMR (500 MJ~z. CDCI 3) 8 -0.25 (s, 3H). 1.01 

(s, 36H). 1.43 (s, ISH). 3. 18 (cl . .I= 14.5 Hz. 2H). 3.30 (d, .I= 15.1 Hz, 4H), 4.34 (s, 41-l), 4.45 (d, 

./ = 14.5 Hz, 2 H), 4.52 (d, J = 15.1 Hz. 4H), 4.56 (d, J = J l.9 Hz, 4H), 4.66 (d,J = ll.9 Hz, 4H), 

6.78 (d. J = l.8 Hz, 4H), 7.08 (d, J = 6.7 Hz, H). 7.13-7.20 (m, 16H), 7 29 (s, 4 H), 7.36 (s, 2H); 

'
3C NMR (125 MHz, CDCI3) 8 19.79 (q), 26.85 (t), 30.84 (t), 31.48 (q), 3l.71 (q), 34.07 (s), 

34. 19 (s), 71.00 (t), 74.98 ( t), 12 1.90 (s), 124.25 (d). 125.65 (d). 127.19 (d), 127.23 (d), 128.16 

(d), 128.48 (d), 128.60 (d), 132. 11 (~). 132.24 (s), 13 .88 ( ), 134.6 1 (s), 137.6 1 (s), 144.44 (s). 

144.94 (s). 145.08 (s), 152.49 ( ), 152.71 ( ). Anal. Calcd fo1· C103H115Br06S·H10: C, 78.35; H, 

7.69; S, 2.03. Found: C, 78.26; H, 7.35; S, 2.29. 

38,39,41,42-Tetrabenzyloxy-5, J I , 17,23,29 ,35-hexa-tert-butyl-3 7,40-[2-bu tylse1eno-1 ,3-

pbenylenebis(meUJy1enoxy)]calixl6]arene (29). 118n Method A: a' , 59%; b, 4%. Method B: a' , 

92%. 

Synthesis of 37 ,40-[2-b,·omo-1,3-pheny1enebis(methy1enoxy)]-5,11,17,23,29,35-hexa-tert­

bulyl-38,39-bis(4-pyridylmethoxy)calix[6]arene-41,42-clio1 (32). According to method B, 

except for the use of 2 equi valents of 4-(chloromethyl)pyridine hydrochl oride in teacl of 6 

equivalents, the clisubsti tuted product 32 was ob tained in 17% yield along with start ing material 

2B (23%). 1.2.3-al temate i omer 201> (4%), and cone isomer l5a ( 15%). 32: colorl ess crystal , 

mp 221-227 oc (dec); 'H . MR (500 MHz, CDC!,) 8 0.88 (s, 18E-l), 1.1.5 (s. ISH ), J .36 (s, 18HJ, 
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3.35 (d. J = 13.7 Hz. 2 F:l ), 3.38 (cl.J = 12.8 Hz, I H), 3.42 (d, J = 14.0 Hz, I H). 3.46 (cl, J = 14.0 

Hz, I H), 3.50, (d, J = 15.6 Hz, 2!-1), 4.16 (d, J = 13.7 Hz, 2H). 4.45 (d, J = 9.9 Hz. 2H). 4 51 (d, J 

= 12.8 Hz. l H), 4.88 (d . ./ = 13.4 Hz, 2H). 4.89 (d. J = 15.6 Hz. 2 1-1), 4.96 (d , J = 13.4 1:-lz. 2H), 

5.66 (d, .I = 9.9 Hz, 2H), 6.43 (d, .I = 2.3 Hz, 21-l), 6.78 (brs, 2J-T). 6.93 ( , 4 !-1 ), 7.08 (d. J = 2.3 Hz. 

21-l), 7.23 (d . .I= 2.3 Hz, 2H). 7.31 (d, J = 2. Hz. 2H), 7.3 1 (t, J = 7.5 Hz. 11-1), 7.42 (d, 1 = 7.5 

Hz, 2H). 7.5 1 (d, J = 4.9 Hz, 81-1), 8.49 (br, 8H); uc NM R ( 125 MJ-l z, CDCJ1) 8 29. 11 (t). 30.93 

(1). 3 1. 1 I (q), 31.49 (t). 3 1.49 (q), 3 1.53 (q), 32.52 (t), 33.78 (s), 33.98 (S), 34.28 (S), 73 .86 (t), 

77.33 (t), U .86 (d) , 123.89 (d), 124.92 (d), 125 .5 1 (d), 125.77 (d), J 26.6 1 (s), 126.77 (s), 126.84 

(d), 127 . I 0 (cl), 128.26 (d), 129.32 (s), 13 1.54 (d). J 32.44 (s) , 132.5 1 (s), 132.6 1 (s), 133.35 (s). 

138. 16 (s), 142. 17 (. ), 146.12 ( ), 146.80 ( ), 147 16 (s), 148.82 {s) , 149.72 (d), 1. 5 1.71 (s). 

153.26 (s). Anal. Calccl for C86H,,BrN1 0 6-2H20: C, 75.25; H, 7.56; N, 2.04; Br, 5.82 . Found: 

C. 75.50: 1-1,7.24: N, 2. 18: Br. 5.52. 

Synthesis ol' 37 ,40-[2-bromo-1,3-phenylenebis(methylenoxy) ]-5,11,17 ,23,29,35-hexa-tert­

butyl-38,4l-bis(4-pyridylmethoxy)ca lix[6]arene-39,42-diol (33). According to met hod A 

exc~pt for the use of 2 eq uivalents of 4-(chloromethyJ)pyricl ine hydrochloride in tead of 6 

equ iv<J.lent ·, the disub ·ti tuted product 33 was obtai ned in 8% yield. 33: colorl ess c tys taJs: 'H 

NMR (500 MHz. CDC I1) 8 0.9:! (!., 18 1-1 ). 1.02 (s, 18J-l), 1.45 (s, 181-l). 3.35 (d, J = 15.2 Hz, 2H), 

3.39 (d, J = 13.6 I-ll, 2H), 3.57 (d. J = 15.1 Hz. 21-1 ). 3.93 (d, J = 13.6 Hz. 2H). 4.78 (d. J = 15.1 

Hz, 21-1 ), 4.83 (cl, J = 15.2 Hz, 2H). 4 87 (br, 21-1 ). 4 .93 (d, J = 11 .9 Hz, 2H), 4.96 (br, 2H), 5.05 (d, 

J = I 1.9 Hz, 2H). 6.25 (br. 2J-l ). 6.60 (d . J = 2. 1 Hz, 2H). 6.6 1 ( !. J = 7.4 Hz. J H), 6.80 (d. J = 2 0 

Hz, 2L-l ), 6.89 (d, J = 2.0 Hz, 21-1), 6.99 (d . J = 2. 1 Hz. 2L-l), 7.3 1 (d, J = 7.4 Hz, 2H), 7 .32 (d. J = 

2.4 Hz, 2Hl, 7.43 (d . J = 2.4 Hz, 2H), 7.6 1 (d, J = 5.3 Hz, 4H) . 8.75 (br, 41-1). Anal. Calccl for 

C86f-l,"Br ,0 .-0.75C I-I CIJ: C, 73.06; H. 7.05 ; 1 1.96; Br, 5.60. Found : C, 73. 15 : H. 7.02; N, 

1.96; Br, 5.24. 

Synthesis of 37,40-[2-bromo-1 ,3-phenylenebis(methylenoxy)]-5,11,17,23,29,35-hexa-lert­

butyl-38,39,41 ,42-tetraethoxycal ix[6]arene (34). According to method B except for the use of 

iodoethane instead of arylmethyl halide, tetraethy l derivative 34 was obtained in 65% yield. 34: 

colorl ess crystals, mp >300 °C: mixture of confo rmational isomers, a/b = 28:72, 34a: ' H NMR 

(500 MHz, CDCL,) 8 0.95 (s, 36H). l.J 3 (t, J = 7.0 Hz, l 2H ), 1.46 (s, 181-l) , 3.2 1 (cl, J = .1 4.9 Hz, 

21-1). 3.39 (d, J = 15.0 Hz, 4 1-1 ), 3.47-3.54 (111, 8H), 3.99 (s, 4H), 4.26 (d, J = 14.9 Hz, 21-1 ), 4.50 (d. 

J = 15.0 Hz, 4H). 6.80 (d. J = l. S l-Iz, 41-l). 7. 10 (d. J = 1.8 1-J z, 4 1-l) . 7. 18 (t, J = 7.4 Hz, J H), 7.3 1 

(d, J = 7.-+ Hz, 2 1-1 ), 7.34 (s, 4H ). 34b: 'H NMR (500 MHz. CDC!,) 8 1.1 7 ( . 18H). 1.20 (s, 
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181-1 ). 1.30 (s. 91-!). 1. 33 (s, 91-1}, 1.48 (t, J = 7.0 l-!7 , 6H), 1. 56 ( t, J = 7. 1 Hz, 6H), 3.25 (d, J = 

15.9 Hz. 2H), 3.32 (d, J = 15 .8 Hz., 21-l ). 3.59 (cld. 7.6, 1.5 Hz, IH), 3.7 1 (d. J = 12.5 Hz, 2H). 

3.76 (tl. J = 12.5 1-lz. 2 1-l ), 3.8 1-3.96 (m, 101-1 ), 3.98 ( ·, 21-1 }, 4.04 (s, 2H), 4.37 (d, J = 15.8 Hz, 

2H), 6.12 (t, J = 7.6 Hz, lH), 6.62 (brs, 2H), 6.73 (brs, 2H), 6.79 (del , J = 7.6, L5 Hz, 1H ), 7. 12 (s, 

21-1 ), 7. 13 (s, 2J-l ). 7.23 (d. J = 2.3 1-lz, 2H), 7.38 (d, J = 2.4 Hz, 2H). Anal. Calcd for 

c .,H105Br06 ·0.4CHCI ,: C, 75.30: H, 8.08; Br, 6 08: Cl, 3.24. Found: C, 75.03; H, 7 .99: Br, 

5.83: Cl. 3. 18. 

Synthesis of 5, I I , 17 ,23,29,35-hexa-tert-butyl-38,39,41,42-tetraethoxy-37 40-[2-etltynyl-1,3-

phcnylen"bis(methylenoxy)Jcalix[6]arene (35). According to method B except for the use of 

iodoethane instead of aty lmetbyl halide, tetraethyl derivative 35 was obtained in 58% yield. 35: 

colorless crysta.ls . mp > 00 °C: 'H NMR (500 MHz, CDCI,) mixture of conformational isomer . 

a/h = 0:60, 35a: I I-1 NM R (500 MHz, coq,) 15 0.46 (s, 11-J), 1.0 I (s, 36H), l.l4 (l, J = 6.8 Hz. 

12Hl. 1.4 1 (s. ISH). 3.22 (d . .I= 15.0 Hz, 2 H), 3.40 (d, J = 14 .6 Hz. 4H). 3.44-3.48 (m, 4H). 

3.54-3.58 (m, 4H). 4.02 (s. 4 H). 4.35 (d, J = 15.0 Hz. 2H), 4.4 (d. J = 14.6 Hz, 4H), 6.74 (d, J = 
1.8 Hz, 4H). 7. 12 (d. J = 1. 8 Hz, 41-ll. 7. 18 (t, J = 7.5 Hz, 1 H), 7.27 (s, 4H), 7.35 (d, J = 7.5 Hz. 

2H). 3Sh: 11-l MR (500 MI-Iz, CDC!,) 15 1.1 8 (s, 18H), 1.22 (s, ISH), 1.28 (s, 9H), 1.32 (s, 9H), 

1.48 (L. J = 6.9 Hz. 6H). 1.54 (t.J = 7.0 Hz, 6H), 2. 17 ( , 1H). 3.22 (d, J = 14.0 Hz, 2B). 3.30 (d, 

J = 15.9 Hz, 2 1-l ), 3.55 (dd , .I= 7.7, 1.5 Hz, 11-l), 3.7 1 (d. J = 12.7 Hz, 2H), 3.76 (d, J = 12.7 Hz. 

2H), 3.80-3.96 (m, J2H ). 3.98 (s . 2H), 4.37 (d, J = 15.9 Hz. 21-l). 6.20 (t, J = 7.7 Hz, J H), 6.62 

(brs, 21-l), 6.78 (br , 2H), 6. 2 (del , J = 7.7, 1.5 Hz, 1 H), 7. 10 (s, 21-1 ), 7. 12 (s, 2H), 7.22 (d, J = 2.6 

Hz, 2 1-l ), 7.30 (d. J = 2. Hz. 2H). Anal. Calcd for C84H1060 6: C. 83.26; 1-l. 8.82. Found : C, 

82.96; 8. 78. 

Synthesis of 38,39,41 ,42-tetraallyloxy-37,40-[2-bromo-1,3-phenylenebis(methylenoxy)]-S,ll, 

17,23 29,35-hexa-tert-butylcalixr6Jarene (36). According to method B except for the use of 

allyl bromide instead of arylmethyl halide. tetraethyl derivati ves 36a (36%) and 36b (37%) were 

obtained after separation on silica gel. 

36a: color.less crystals. mp 259 oc (dec); 'H NMR (500 MHz, CDC13) 15 1.00 (s, 36H), !.44 (s, 

181-l), 3.22 (d, J = 14.8 Hz, 2H), 3.39 (d, J = 15.1 Hz, 4H), 3.90-3.96 m, 81-l) , 4.07 (., 4H), 4 .26 

(d, J = 14.8 Hz, 21-l), 4.48 (d, J = 15.1 Hz, 4H), 5.08 (del. J = 10.6, 1.3 Hz, 4H), 5.19 (dd , J = 17.3, 

1.3 Hz, 4H), 5.77-5.85 (m, 4H), 6 79 (d, .I= 1.8 Hz, 41-1). 7.13 (d. J = 1.8 Hz. 4H), 7. 18 (t, J = 7.5 

Hz, l.Hl , 7.32 (s. 4H). 7.35 (d. J = 7.5 Hz, 2HJ; " C NMR (125 MHz. CDC13) 1527.12 (l), 30.87 (t), 

3 1.52 (q), 31.74 (q), 34.09 (SJ, 34. 19 (s), 72.58 (t), 74.03 (t), 115.92 (t), 123.96 ( ), 124.67 (d), 
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125 .57 (d), 125.62 (d), 126.37 (d). 128 .55 (d), 13 1. 82 (s). 131.90 (s). 133.94 (.). 134.68 (d), 

137.30 (s). 144.34 (s). 145.06 (sl, 152. 17 ( ), 152.62 (s). Anal. Calcd for C86H,0,Br06: C, 78.57: 

H, 8.05: Br. 6.08. Found: C, 78.37: H, 7.92; Br. 5.88. 

361>: co lorl ess crysta ls, rnp 233-239 oc (dec): 11-J NMR (500 MH z, CDCI 1) i5 1. 16 ( , 181-1 ), I. 18 

($. 18H), 1.30 (s. 91-1 ), 1.33 (s, 91-1 ), 3.23 (d. J = 15.7 Hz. 2 H). 3.31 (d, J = 15.9 Hz, 2H), 3.65 (dd, 

.I= 7.5 , 1.5 1-lz, I H), 3.72 (d. J = 12.6 Hz, 2H), 3.78 (d . .I = 12.6 Hz, 2H), 3.96 (d, 15 .7 Hz. 2H), 

4.0 1 (>. 2 1-1 ), 4.0~ (>. 21-1 ), 4.27 (del, J = 12.6. 4.6 Hz. 21-1 ). 4.33-4.37 (m, 4H). 4.39 (d, J = 15.9 Hz. 

21-1 ), 4.43 {dd . .I = 12.1 , 6.3 Hz, 2H), 5.28 (dd, J = 10.6, 1.3 Hz. 21-1), 5.3 1 (dd. J = I 0.4. I. I Hz. 

21-1 ), 5.50 (del. J = J7.2. 1.3 Hz. 2 1-1 ). 5.53 (dd, J = 17 .2 Hz, 1. 1 Hz, 2H). 6. 1 1-6. 19 (111 , 2H), 6. 15 

(l. J = 7.5 Hz. I H). 6.22-6.30 (m, 21-J). 6.62 (br. 21-1), 6.75 (br, 21-l ), 6.80 (dd, J = 7.5, 1.5 Hz. I Hl. 

7.11 {~. 2H), 7. 12 (s, 21-l ), 7.20 (d. J = 2.3 Hz, 2H). 7.35 (d. J = 2.3 Hz, 21-l): 13C NMR ( 125 MI-lz, 

CDC!,) o 28. 4 (t). 29.30 (t), 3 1.55 (q), 3 1.60 (g). 3 1. 65 (q X 2). 34.06 (s), 34. 16 ( ), 34.20 (s). 

34.32 ( ), 35. 12 (t), 7 1 28 (t), 72.89 (t), 73. 18 (t). 73.77 (t). 116.44 (t), 1.17.39 (t), 123.83 (d). 

125. 13 (cl x 2). 126.74 (s), 127.04 (d). 127.35 (d), 127.82 (d), 128. 12 (d), 130. 76 (d), 13 1. 3 1 (d), 

13 1.80 (s ), 132.03 (s), 132.25 (s). 132.46 (. ), 132.56 (s), 132.76 (s), 133 .24 (s) , 134.65 (d) , 

134.74 (ell. 136.3 1 (s) . 144.42 (>) . 144.45 (s x 2), 144.9 (). ISO 09 (S), 153.74 (s), 154.03 (s) , 

154.47 (~). Anal. Calcd for C.6l-110,Br06·H,O: C. 77.5 1: H. 8.09: Br. 6.00. Found: C, 77.71 ; H. 

7.88: Br. 6.78. 

X-ray crystallograpllic analysis of 2A and 2C. Single cry ·tals of 2A·CH1CN·C6 l-!6 and 

2C.CH ,CN·C., H6 were grown i11 thei1· benzene/ace tonitrile solut.ion. The in ten ity data were 

collected at 120 K on a MAC Science DlP-2030 imaging plate area detector wi th Mo Ku radiation 

(.1 = 0.7 1069 A.) . Re fl ection data were corrected fo r Lorentz and polarization factors, and fo r 

absorption using the mul ti-scan method. Crysta ll ograp hic and experimental data were listed in 

Table 2-6. The structures were so lved by the d irect method ancl refmed by full -matrix Jea ' t 

quares on F' using S HELXL 97.14
"11 The non-hyd rogen atoms were re lined anisotropicall y. 

Hydrogen atoms were ideali zed by using the riding model. 

X-r·ay crystallographic ana lysis of 2B and 2J. Single crys tals of 2B·5CHCJ3 and 2J·5Cl-! Cl1 

were grown in their chloroform solution. The inten:i ty data were collected at ISO K (2B) and 

120 K (2.1 ) on a MA Science DIP-2030 imaging plate area detector with MoKu radiation (.?. = 
0.7 1069 A). Re nection data were corrected for Lorentz and polarization factor., il.lld for 

ab orption using the multi-scan method. Crysta ll ograpllic and experimental data were li sted in 

Table 2-6. T he su·ucrures were solved by the direct method and refined by full -matrix leas t 
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quares on P' using SHELXL 97.1" 1 The non-hydrogen atoms were refined anisotropically 

excep t for the minor component of the diso rdered bridging uni t (0.90:0. 10 for 2£ and 0.93:0.07 

for 2J). Hydrogen atoms were idealiLed by using the riding model. 

·ruble 2·6. CrysT~Illl£T<tphic dm;-J lOr 2A CH1C' Cc.Hb. 2C-CIIJCN·C(1H6. 20·5CJICI ,, and 2.1 ·5CHCI3 

2A·CH,CN·C1,H6 2C·CII ,CN·C6 1i., 2ll5CHCI 1 2J ·5CHCI, 
fomlllla C82H ~•!:JN06 Cli2H9gBrNOt:. c1,,H94 BrCI 150 6 Cs1 H95C1 150 6 
h."mperntun~ ( K ) 120 1:w 150 120 
crystal ~ys11:m tnOiltll~ITnic tnOrll'lCITni~.: Trlc/inic triclinu.: 
.;pace gr otT p P2 11a P2 11a 1'-1 1'-1 
o1A1 17.%51 1 I 18.0141 11 16 022(2) 15.971 ( 1) 
heAl 2:1.65211) 23.97012) 17.403(2) 17.35911 I 
ru\1 18.U81tl I !8. !84(11 17.49 1(2) 17.526(1) 
atdeg) 6J.J 10(51 63.545(3) 
/lltkgJ 110,9211121 11 2 64](4) 79.249(6) 79.228(3) 
yrdegl 79.050(61 79.20112) 
vcA'l 7.176 .. 1161 7246.6( 4149.5(8) 4243.4(5) 
z 4 4 2 
(·alculatcd t.lc!l.Slty (g cm·'l 1.106 1.167 1.369 1.328 
rctlcction~ ~ollet:teU -18315 43191 2666H 27129 
uniljllt." 13461 13376 14302 14573 

Rml 0 027 0.037 0.029 0.021 
1-(lt(J 258+ 2710 IM12 1768 
limiLing indJce:,. 0ShS21 OS: II s 21 OS liS 19 

0 "'"" 19 
0 s k s 28 Osks 29 -20S k S21 -20SkS21 
-21 S/S20 -22$/$20 -20 s /s 21 -20S/S1 1 

resTnun t slparam~ter.s 0/857 0/ .14 21/1035 1911128 
goodnc!oi~ or"' (f2) 1.069 1.037 1.044 1.065 
/limlic"s (/ > 2at/)) Rl = 0.059 Rl = 0.0721 Rl = 0.0990 Rl =0.0791 

I>'R2=0 1535 wRl = 0.1743 w/12 = 0.2385 wR2 = 0.1999 
R int.lices {all datn) Ill= 0.0772 Rl = 0. II.'~ Rl =0.1543 Rt =0.0860 

ovR2=0.1642 wR2 = 0.2066 H/12 = 0.2642 wR1 = 0.2052 

X-ray crystallog•·aphic analysis of 24a, 25a', and 29a'. Single crystals of 24a, 25a' , and 29a' 

were grown in their benzene/acetonitrile solutions. The intens ity da1a were collected at 120 K 

on a MAC Science DIP-2030 imaging plate area detec10r wi!h MoK., radiaiion (il = 0.7.1069 A). 

Re nection data were corrected for Lorentz and po lariza lion factors, and for absorplion u ing the 

multi-. can method. Cry. tallographic and experi mental data were li sted in Table 2-7. The 

stn1 ctures were so lved by the direc! method and reuned by full-matrix least quares on P2 using 

SHELXL 97-'4'
1 The non-hydrogen ato ms were rel'ined ani sou·opically. Hyd rogen atoms were 

idea li zed by using !he ridi ng model. 
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Table 2· 7. Cryo;;rallographlC dma for 24;.s , 25a ', and 29n' 

24:1 25~ ' l9a' 
formltl!:l c10411 114o6 c,011 " 80 6 C"ul-l , ,.o" 
ternpcnuurc CK) 120 120 120 
crp.t<ll~yste.m monocliniC' rnunoclmic rnonocllnk 
wac~ group P2 1tc P2 1tc P211c 
II( ) I~ 051(11 14.649(1) 14.320(1) 
b( ) 25.367111 23.01611) 23.903( I) 
<'!AI 24.129(11 26.572( 1) 25. 56(1) 
<ndegl 

iJ<dcg) 97, 17412) <}<).954(2) 97.12 (21 
Yidcg) 

\f( r\iJ 8533.0(7) 8824.2(7) H7, 1.9(7) 
z 4 4 

calcula ted density Lg c.m·') 1.136 1.156 1.1 8 
rcflcc11ons collected 51155 55346 57351 
unique 16080 16159 16878 

Run 0.021 0.020 0.03 1 

Fooo I.J-l 3304 3360 
limtung 111dice!i 05/t $ 17 0$/t$17 0$11$ 17 

05 k$ 30 II Sk$ 27 0SkS29 
-2%1$19 -32$/531 -3 1 ~/$]] 

n:st111inl~pamme:1ers 011059 0/1063 0/IOJ? 
goodness (lf lit (F2 J 1.()76 1.023 1.032 
R im.Jit:c~ fl> 20{/)) Rl =0.0616 Rl = 0.0()07 Rl = 0.0485 

wR1=0.1435 IIIRJ. = 0. 1574 HR2= 118 1 
R indices call Jatal Rl = 0.0828 Rl = 0.0752 Rl = 0.0618 

~o •R2 = 0.1616 wR2=0.1703 wR2 = 0. 1263 

X-ray cr·ystallographic analysL~ of 6b, 2Sb, and 27c. Single cry ' tals of 6b, 2Sb-4C6H
6

, and 

27c were grown in the ir di chloromeJ.h ane/methanol, benzene/ethanol , and chloroform/ethanol 

so lulion , re. pec ti ve ly. The intens ity da1.a were co llected at 120 K on a MAC Science DIP-2030 

imaging plate area detector with MoK~ radiation (A = 0.7 1069 A). Refl ection data were 

COITCcted for Lorentz and polarization factor., and fo r absorplion using J.he multi -scan merbod. 

Cry. tall agraphic and ex perimcmal data were listed in Table 2-8. The S(Tucture were solved by 

the direct me1.hod and refined by fLLII- marri x least squares on F' using SHELXL 97t'<J The non­

hyd rogen aJo ms were refined ani 'Olropical ly except fo1· the disordered benzene rings o f 6b and 

2Sb. 1-l ydrogeu atoms were idealized by using 1he riding model. In the crystal of 27c, J.here 

are two crysta.llographicall y independent molecules in the asymmetri c unit. 
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6b 25b-4C 1-1 27c 
tormul.::t Clnl H IJ JBr06 C134H1420 6 C10.11-11, BrO., 
tCillpeldturc ( K ) 120 1~0 120 
l:f) Sii.d S) Sh!lll trid i11ic 1ridinic triclinic 
~pOl'C gnHJp P- 1 P-I P- 1 
a(. ) I 1.5 2~( 1 ) 14.312( 1) 14. 117(2) 
b(. ) 14.598(1) 14.370( I) 25.30313) 
t'l I 14 925t21 14.59-l ( I) 25. 11 7(3) 
atdcgl &H 5t6J 63.65 1(.l) . 13915) 

/ll<.kg l 67.20415) 83 .0117(3) 83.7 16(6) 
y(dcg) '-l . )-16(6) ~3.037(3) 75.78515) 

Vi 'I 2091.1)(41 2669.6(3) 8645(2) 

z I 4 
cakulatt!tl don~ it) (g. em·-') 1.203 I 150 1.187 
rcnect tons collected 11 763 16303 49419 
unique 695 8935 28829 

/?I !II 0.017 0.012 0.062 

Fooo 808 99-l 3296 
Iimiung 1nlfn::cs 0~ h :5 14 0 5/r-'i 17 0-'i/r ~ 17 

- 17S<S 17 - 17-'ik-'il1 -29Sk531 
-1()5/S I - 175/517 -30-'i / -'iJO 

rc.sm.~i nt..Jp:lrarnc:ters 0150 1 241759 0/2 11 2 
gooJne.s~ or fit tFl) 1.03.1 1.124 1.211 
R mthccs t/ > 2arm Rl ~0.0710 Rl ~ 0.0805 Rl ~0.1037 

wRl = 0 1699 wR2=0.1860 wR2 ~ 2338 
R llldtcc~. (<t il t.lma) 111 = 0.0868 Rl ~ 0.0863 Rl = 0.2008 

wR2 = 0. 1825 wR2=0.1892 wR2 ~ 0.2612 

X-ray crystallographic analysis of' 20a, 20b, and 22a. Single crystal of 20a-5C, H1Cl,, 

20b-2CHCI,, and 22a ·2THF were grown in lheir 1.1 ,2,2-teu·ach loroethane, chloroform/methanol, 

and THF so lutions. respec ti ve ly. The intensity dala were co ll ected on a MAC Science DIP-

2030 imaging plate ;u·ea detector (20a-5C2H1CI4 and 22a-2THF) or a Rigaku AFCSR 

diffracLOmeter (20b -2CHCI,) wi.th MoK11 radiation (A. = 0 .7 1069 A). Renection data were 

correc ted for Loren1z and polarization factors , and for absorption u ing the multi -scan melhod. 

Cry tallograpl1ic and experimenlal daLa were listed in Table 2-9. The structure. were solved by 

the Pauerson method and re fined by fuJJ-matrix least squares on F. The non-hydrogen atoms 

were refined ani . otropi all y excepl for the disordered benzene rings of 20b and the carbon atoms 

of the disordered solve nt molecules in 20a . Hydrogen moms were included but no1 re fined. 
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ZOu 5C,H2CI, 20b·2CHCh 22u·2THF 

fMmu la C,osH, ,vll rCI2oN40 b C,I(}H,,BrCio r.~06 c10111 11 , Br07 
temperature l K) 150 296 120 
cry..;tal ~Y~ ICI11 !TIOIJ~1C ) inJL' tnclinu: Lridinil: 
s pa~.:e gl'uup c, P- 1 P-1 
a(AJ 12 2-1-10(21 IH88(3J 15, 137(1) 

b1A1 3(1.03$(2) 15.124(4) 15.233( I) 
dA) 26.1300(9) 12.699(2) 15.541(1) 
(l (dog) 103 .37(2) 99.545(3) 

{J(deg) 100220(2) %.7b(2) 92.008(3) 

y(deg.J 111 .97!2) 110.72013) 
V(. ') 11346 9(6) 2286.6(2) 3288.0(4) 

2 4 

t:alcul:u~J deo~it) (gem· ·\) 1.3~0 1.276 1.341) 
rcOl!(.;t!OnS collected J2 95 10%4 23486 

UTll(\UC 9~~8 10517 11341 

Rul\ 0.029 0.(}10 0.021 

Fotltl 4872 92-1 1392 
limning mt.hccs 05 h Sl.l l/Sh S 17 Oshs 18 

OskS 43 -19:5k5 18 - 18 ;<;k;<; 16 

-31 ;5/S)I -16s/s l6 - 18 5:/5 18 

ti!Hnlrcc:tr:~i nt..VparaJn\!ter~ 83231011260 38~710/512 9046/0/ 56 
gnodnc'' of li1 {,...'1:) 3 714 2.731 3.550 
H indkcs (/ > 30(/)) li = 0.059 R = 0.080 R = 0.054 

R. = 0.059 R. ~0.079 R., = 0.059 

X-ray crystallog•·aphic analysis of 32, 33, 34, and 35. S ingle crystals of 32· 2CHCI,, 

33·3CHCI,, and 34·2CHCI , were grown in 1bei r chloroform/methano l solutions and those of 

35·2C, H6 in irs benze ne/ace toni trile solution. The intensil y data were collected on a MAC 

Science DIP-2030 imagi ng plate area detectos: wi th MoK" radiation (A. = 0.71069 A). Rellection 

dara were co rrecled for Lorentz. and po larization factor ·, and for absorption using rhe mulri -scan 

method. Cry~la ll ographic and experimeotal dma were li sled in Table 2- 10. The structure 

were solved by the di rect method and refined by full -matrix least squares on F. The non­

hydrogen atoms were refined ani ·otropicall y except for the di so rdered benzene rings of 33 and 34 

and carbon atoms of the disorde red chloroform. T wo cbloroi'orm molecules of 32·2CHCl1 were 

located at crysLallographically indepenclen1 three sites (0.75:0.75:0.50). Hydrogen atoms were 

included but not rellnecl. 



Chapterl Symlteses tmd Srrucrures ofConjOrmationally Fm:enlsomer.) ofBridp,ed Cttlix{6/llrenes 

Trt bl< 2-10. Cry,tall<>gJ·aphit dnta for 32·2C IICIJ. 33-JCHCI ,,. 34·2Cii 13. and 35·2C
0
116 

!onnula 

tl!mpcr.1!urc ( K J 

cryst<ll sy"tl!tn 

'lj)RCC group 

alAI 
b u\) 
< l I 
a(deg) 

{ildcgl 

li<ICgl 
vu'\ '1 

z 
calculated dcnsll) (£.em.:') 
reflccti()!l'i collect eli 

unique 

Rint 

Fuoo 
limiting LlldLCt"!) 

chu a/re;,t rat rus/pilmmetcl's 

goodne~s. or tit (F2J 

R tnd1cc~ 11 > 3m/l) 

32 ·2 IICI1 

C88H 101 BrCI6N10 6 
120 

l.fiCILillt.' 

1'-1 

13 . .l02lll 

15.375(3) 

2J.202n1 
103 . .170(7) 

101.01 Yl8l 
102.7 (I) 

"3701 II 

1.197 
16728 

10957 

0.027 

1656 

0 s"" 14 
-18SkS 17 

-28 s '" 27 
7426/0/964 

5.85 

R =O.IU8 

Rv. ::() I:?J 

33·3 HCI, 

C89H tr12 BrCJ.1N20 0 

151) 

monodln1c 

1'2,/r 
12.7951 1) 

17.454(1) 

"0.171(11 

98.837(2) 

8XG4.417) 

4 

1.268 

4 371 

15872 

0.031 
3536 

Q,;{ls; 15 

0 Sl S21 

-4 S/$44 
) 14-l-11011040 

7.16 

R= 0.081 

R, =0.09 

34 2CHCI1 
C,._, H 1o1BrCI006 
120 

monoclinic 

/'21 

I .321(1) 

14.721(1) 

20.67 (I) 

91.1(16(2) 

40-IY.Of4J 

1.235 

26509 
7767 

001~ 

1592 

0ShS I6 

0 o>k :S 17 

-25 sIs 25 
9046/0/856 

9 12 

R=0.071 

R, = 0.086 

35·2C6 11 

CIJ6H JIS06 

110 

tncl1n1r 
P-1 

12.392(1) 

17. 180( 11 

20.16111) 

72.785(31 

82.023(2) 

86.782(31 

4059 7H) 

1,119 

24635 

13606 

0.013 

1484 

0 $1! s 15 

-20 s k$ 21 
-23o>/S24 

11437/0/919 

4.76 

R = 0.065 

Rw =0.0 3 

72 
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3.1. lnll·odudion 

A variety of water-soluble lerivatives of calixarene' have been symhesized so far and 

thei r aggregating properties have been stuclied. ~<' 1 Recently , much attention has been paid to 

reg ulating the three-dimensional archi tectu re of aggregates by de igning the corresponding 

monomeric molecule e laborately. Shinkai and a-workers ·ynthes ized water-so luble, 

conformationall y frozen cal ix[4Ja renes wi th cone and 1,3-alternate conformation la and lb , 

respectively. and demonstrated tl1at t.hey have considerably differen t aggregating propeniesr••t 

+ 
NM <J:l 

cone l a 1.3-altcrnmc 1 b 

CMC 

As for calix[6 jarene derivat.ives with much greater l'lex ibility . uch as compounds 2 and 3, 

however. the structure or a monomer molecule in the aggregates is quite obscure owing to the 

conformational equilibrium, and it has been very dirticul t to con trol their aggregation modes by 

the monomer structure .t•Jt 

2 3 
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The author ha ' reported in the former chapter on the struc tures of two conformationall y 

frozen isomers oJ caJix [6]a.renes. where the lower rim of the m-xylylene-bridged calix[6]a.renc 

· uch as compound 411" 1 i · arylmethylated. The ir water-soluble derivati ve are expected to solve 

the problem of the conformational flexibility of calix [6htrene>- in aggregate formation. In this 

chapter, the synthesi; o f conformationall y frozen i'omcrs (cone and 1.2,3-alte rn ate) of water­

so luble ca li x[6 jarene 5 is described as well as the relation between their su·ucwres and 

aggregating propertie .. 

4 R= H 

5 R = CHrQ-NMe0 c1· 

3.2. Synthesis of water-soluble ca 1Lx[6]arene isomers 

ln compound 5, the trimethylammonio groups are appended to the lower-rim aromatic 

rings to increase water- olubility . The bromide functionality was introduced on the bridging 

unit in order to increase the yield of the 1.2,3-al ternate isomer b in the aryl methylation reaction. 

cone Sa I ,2,3-nllernatc Sb 
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The prepanuion of its conformational isomers, Sa (cone) and Sb ( 1.2 .3-altcrnate), was 

effec ted acco rdi ng. to Scheme 3-2. The ary lmethyl unit. N-[4-(brornomethyl}pheny i]-N-

methylformamide (7) was prepared by bromina tion of 61"81 in 39% yie ld (Scheme 3- 1 ). 

Scheme3-1 

NBS. BPO/CCI4 

39')( 

7 

The reacti on of the bridged cu li xf6)arenc 4 with bromide 7 under basic cond.ilions 

resulted in the fom1ation or two teu·abenzy lated conformatio nal isomers, Sa (83%) and 8h (9%), 

with cone and 1,2,3-alle rn ate conformation , respec tively, which were separated by silica-gel 

chromatography . The amide groups of 8a and 8b were then reduced to give the corresponding 

dimethy lomino deri vati ves 9a and 9b. and su lrcqucnt quatern ization with methyl iodide followed 

by subjection to an ion-exchange column afforded Sa and Sb, respectively. Compounds Sa and 

Sb were so luble in water, methanol, and ethano l. 

Scheme 3-2 

4 

,.....;,=':,.. .CH, 

s{ 'L!f ~HO 
7 

,, 

b) [
8" 

[
9a 

c) • 
;:);1 

+ 

X = N(CH,)CHO 

X=N(CH3)2 

X= N(CH,))+CI-

1,2.3-:tltematc 

b) [ 
8b 

o) [ 9b 
Sb 

X = N(CH3)CHO 

X= N(CH3)2 

X= N(CH3)j+ 1· 

Reagei/IS cmd COIIditiOIIs : (a) NaH, THI"-DMF ( 10:1), renux. Sa: 83%, Sb: 9%; (b) BH, , THF. n. (C) CH, I, rt , then 

Dowex® I X8 (CI ). 4>~: 94% for 2 steps. 4b: 68°,1 for 2 steps. 



Chapter 3 A..,r:gre.~min8 Properties of Isomers oftl Water-So/1.11>/e 86dged Olli.x{6/arem! 77 

Synthetic route to Sa and Sb by deacetylation of the acetamide derivati ves lOa and JOb 

followed by methylati on (Scheme 3-2) was not e ffecti ve because tbe reaction of lOa with 

LiEt, BH was fo und to gi ve the debenzy lated product 4 instead o f the deacery lated product lla 

(Scheme 3-3). 

Scheme3-3 

::[ tOa X : N(CI-13)COCH3 

;-- tla X: NHCH3 

'-- Sa X: N(CI-1 3)J •ct-

95% 

3.3. Spectra l features of water-soluble bridged calix[6]arenes 

4 

In the 1H NMR spectra in methanol-d4, both isomers Sa and Sb showed the ,pectral 

features es enti aJJy the same as other aryl methylated bridged calix[6]arenes described in chapter 

2; the we ll -reso lved harp signals were observed both at room temperature and at 60 °C. On the 

other band, in D,O, Sa and Sb showed spectral behaviors quite different from each other. ln the 

spectrum of the cone isomer Sa. the signal · are sianificautl y broadened at 30 °C, although they 

are sharp at 90 °C (Figure 3- 1 A). The line broadening observed at 30 oc i con: idered to result 

(rom micell e formation. as has been reponed for other monocyclic water-soluble cali x(6]arene 

and calix!8 ]arenest•'"·' 1 In contrast, the 1 ,2,3-alternate isomer Sb showed well -resolved pectra 

at both 30 and 90 oc (Figure 3- 1 B). 
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90 °C 

JO ' C 

7 6 

.sol 'Clll 

2 

so v...: nL 

4 

13 
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~(l i iC!lt 

6 5 4 
so vent 

78 

2 0 ppm 

Figure 3-1. ' H MR spectra of the cone i.omer Sa (A) <Uld 1.2.3-aliemate isomer Sb (B) of 

water-soluble bridged calix<u·ene,. (270 MHz, Dp, 5 x JO-' M) 

3.4. Cl'ilical micelle concentrations of water- oluble bridged calix[6]arenes 

The spectral behavior descri bed in the previous section ind icates that the two isomers, Sa 

and Sb. have quite different abiLity for micelle formation. The cri tical micelle concentrations 

(CMC~) of the isomers Sa and Sb were determined by light-scalle ring, elecuic-conductivi ty, and 

NM R methods (Table 3-1 ). 

Table 3- 1. Critica l micelle concentrations (CMCs) of Lhe water-soluble calix[6jarenes in 

aqueou: >Oilllion 

light-scanering method 
conductiv it y 

MR method 

cone (Sa) 
7.6x iO_, M 
J.3xJO-' M 

"Not determined because of severe broadening of the signals. 

1,2,3-alteroate (Sb) 
6.2 X L0-4 M 
>3 X 10__. M 
SxLO-'M 
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The CMC of tile cooe isomer Sa (about l x I o-s M) was considerably lower than that of 

the 1.2,3-a lte rn ate isomer Sb (about6 x 10 ·• M). The large di ll e rence between the CMCs of Sa 

Hnd Sb can be rea~onabl y explained in terms of the surface ~hapc or these isomer In the cone 

isomer Sa, all four charged groups are d irected to one side of the cavi ty to form both hydrophobic 

and hyd rophilic faces iJJ the same mole ·ule. On the other hand, the I ,2,3-alternate isomer Sb 

has two ammonio groups on one face and the other two on the oppo ite face to fonn a ma!Je r 

hyd rophobic ; urface. Apparently, the rather high CMC val ue o r Sb results from the absence o f 

conformational equ ilibrium incl udi ng the cone isomer Sa, which is more prone to form 

aggregate, . Similar result have been repon ed fo r conformHLiona ll y frozen water-soluble 

calix[4]arenes Ia and lb: the cone isomer la forms micellar aggregates at around 10-5 M, 

whereas the I ,3-alternate isomer lb with a cylind rical shape doe not form such aggrega tes for 

concentrati o n~ up to 10-' MI'61 
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Experimental 

General. Melting points were determined on a Yanaco micro melting point apparatus . All 

melting point were uncorrec ted. 11-1 and " C NMR spectra were recorded on a Bruker DRX-500, 

a JEOL JNM-A500. or a JOEL EX-AL270 spectrometer and probe temperatures were not 

corrected. 'H and " C NMR chemical shifts were referenced to the re ·onances of 

tetramethylsilane except for t.hose in D,O, which wa~ referenced to the resonance of sodi um 3-

( u·imethy l ~ ilyl ) -1-propanes ulfonate. THF was purified by disLiiJaLion from sodi um 

diphenylkctyl under argon atm sphere before use. DMF ( ·pec iaJ grade) was purcha ed from 

Wako Pure Chemical lndustrie, Llcl . and used without purification. Preparative TLC was 

carried out wi th Merck Kieselgel 60PF254 Art. 7747. The intensity of light scattering wa 

mca~ured on a HJTACHJ Fluore ·cence Specu·ophotometer 650-50. Elemental analyses were 

performed by the Microanalytical Laboratory of the Department of Chemistry, FacuJty of Science, 

the University of Tokyo. 

Materials. N-Methy i-N-(4-methylphenyl)formamide (6)14111 and bridged calix[6]arene 4t"•t were 

prepared according to the literature. The synU1esis of the acetamide derivative lOa and lOb is 

described in chapter 2. 

N-[4-(13 romomethyl)phenyl]-N-methylformamide (7). A mixture of 61""1 (1.49 g, 10 mmol), 

N-bromosuc inimide (2.49 g. 14 mmol), and benzoyl peroxide (50 mg) in carbon teu·achloride 

(20 mL) was refluxed for 4 h. After filtration and removal of t.he solvent, the residue was 

chromatographed on s ilica gel ( hloroform) to give a yellow oil , which was crystallized from 

chloroform/hexane to give color! s c rystals (890 mg. 39%); mp 51 -55 °C; ' H MR (500 l\I!Hz, 

CDCI ,) 8 3.32 (s, 3H), 4.50 ( , 2H), 7. 15 (d, J = 8.5 Hz, 2H), 7.45 (d , J = 8.5 Hz, 2H), 8.5l (s, 

I H). 

Tetraamides Sa and Sb. To a suspension of NaH (60% in oil, 160 mg, 4.0 mmoJ) in THF ( l 

mL) was added a so lution of 41""1 (230 mg. 0 .20 mmol) in THF (9 mL) and DMF ( 1 mL). After 

the mixture was stirred at room temperatun: for 1 h, bromide 7 (274 mg, 1.2 mmol) was added 

and the reaclion mixtLu·e was refluxed for 2 d. After the addilion of warer, the mixture was 

poured into aqueous NH 4CI and extracted with chloroform. The extract was dried over 

anhydrou magnesi um sulfate and U1e chloroform was evaporated. Tbe residue wa. subjected to 

preparative TLC (silica gel, ch loroform/ethyl ace tare, I: I) to afford U1e cone isomer Sa (290 mg, 

83%) and the 1.2,3-allernate isomer 8b (32 mg, 9%). Sa: colo rless crystal , mp 240-242 °( ; 11-l 

NMR (500 MJ-I z, CDC!, , 55 °C) 8 1.04 ( , 361-J), 1.45 (s, 18H), 3.20 (d, J = 15.0 Hz. 21-f). 3.25 (s, 
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12H). 3.33 (cl, J = 15.0 Hz. 4Hl, 3.88 (s. 41-l). 4.33 (d, J = 15 .0 Hz, 2H), 4.47 (s, 81-f). 4.49 (d, J = 

15.0 Hz. 4H), 6.77 (t, J = 7.5 Hz, I H). 6.84 (s, 41-l). 6.92 (d. J = 8.2 Hz. 8H), 7. 11 (d. J = 8.2 Hz, 

81-f), 7. 15 (d , J = 7.5 Hz, 2H). 7.2 1 (s. 41-1) . 7.32 (s. 4H), R.36 (S, 4H). Anal. Calcd. for 

C11 uH12,BrN40 10·l·I,O: C, 75.02: 1-1 , 7.27: N. 3. 18; Br, 4.54. Found: C, 74.89; 1-1 , 7.1 1; N, 3.67: 

Br, 4.71. 8b : co l or les~ crystal>, mp >300 °C; 'L-1 NM R (500 MHz. CDCI,) o 0.92 (s, I 1·:1) , 0.94 

(s. ISH). 1.28 (s. 91-1 ), 1.31 (s. 9H), 3.32 (d , J = 16.0 Hz. 21-1 ). 3.38 (s x 2, 12H), 3.41 (d. J = 15.9 

Hz. 2 1-l). 3.57 (del, J = 7.6, 1. 6 Hz, JI-ll. 3.76 (d, J = 12.6 Hz, 2H), H I (cl, J = 12.6 Hz, 2H), 3.95 

(s, 21-l ). 4.06 (cl, J = 16.0 Hz, 2H), 4.08 (s, 21-!), 4.40 (d, J = 15.9 Hz. 2H) . 4.79 (cl, J = ll.O Hz, 

2H), 4.79 (d. J = 10.7 Hz. 21-1). 4.87 (d. J = 11.0 Hz. 21-1 ), 4.93 tel, J = 10.7 Hz, 21-1 ), 6 10 (t, J = 

7.6 Hz, I H), 6.58 (br , 2H). 6.70 (brs, 2H), 6.82 (tid, J = 7.6, 1.6 Hz, I H), 6.93 (d, J = 2.2 Hz, 

2H), 7.04 (d. J = 2.2 Hz. 21-1 ), 7. 12 (s x 2. 41-I). 7.25 (cl, J = 8.2 Hz, 4H), 7.26 (d, J = 8.2 Hz, 4H), 

7.62 (cl. J = 8.2 Hz, 4 H), 7.69 (cl. J = 8.2 l-I z. 41-l ), 8.53 (s x 2. 4H). Anal. Calcd for 

C110Hm BrN,0,0·2 Hp: C, 74.26: H. 7.3 1:N. 3. 15; Br.4.49. Found: C, 74.31: H, 7.16: N, 3.1; 

Br, 4.35. 

Water-solub le ca lix[6Jarene Sa. To a so lution of tetraamide Sa (70 mg, 0.040 mmol) was 

added a solmion of borane in THF ( 1.0 M. 1. 6 mL) and the mix lure was stirred at room 

temperaLUre for 3 h. After Lhe addition of water, the organic layer was extracted wi th 

chloroform. The ext ract was dried over anhydrous magnesium ~ul fate and the chloroform wa 

evaporated w give the crude product of telraamine 9a, which was dis olved in methyl iodide (3 

mL); the mixture wa stirred for 12 h. Removal of the excess methyl iodide afforded the iodide 

analog of Sa. A me thanol solution of the iodide was subjected to an ion-exchange column 

(Dowex® I X8-400. en to give the crude product of chloride Sa, which wa recrystallized from 

methanol/ether to give colorless crystals of Sa (7 1 mg, 94%): 'H NMR (500 MHz, CD~OD, 

30 °C) o 1.04(., 361-IJ, 1.45 (s, 181:1), 3. 16(d, J = 15.1 Hz, 2H), 3.3 1 (d , J = 14.7 Hz. 4H). 3.71 (s. 

36H). 3.93 ( . 41-!). 4.27 (d. J = 15.1 Hz. 21-l). 4.4.1 (d. J = 14.7 1-lz. 4H), 4.55 (d, J = 13.0 Hz, 41-1), 

4.6 1 (d, J = 13.0 l-Iz, 4 1-1 ), 6.88 (d. J = 2.0 Hz, 41-1), 7.26 (d, J = 2.0 Hz, 4H). 7.37 (s, 4H). 7.39-

7.47 (m. 31-I), 7.43 (d, J = 9.0 Hz. 8H), 7.93 (d. J = 9.0 Hz, 8H); i!C NMR (125 MHz, CD,OD, 

30 °C) 0 27.89 (l), 3 1.62 (t), 32.20 (q), 32.24 (CJ), 35. 12 (s), 35.23 (s). 58.03 (q), 73.83 (t), 74.74 

(t), 121.15 (d), 123.99 ('), 126.17 (d), 127.1 4 (d), 127 27 (d), 127.60 (d), 129.85 (d), 130.38 (d), 

132.93 (s), 133.2 1 (s), 135.23 (s), 138.59 (s), 142.09 (s), 146.13 (s), 146.9 1 (s). 147.77 (s).l53.40 

(s), 153.93 (s) . Anal. Calcd for cll.HI<~BrC I , P .·71-I,O: C, 67.94; 1-1 , 7.95: N, 2.78. Found: 

C, 67.72: 1-1, 8. 1 I ; , 3.29. 
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Water-soluble calix[6]arene Sb. Compound Sb was prepared from 8b (35 mg, 0.020 mmo l) in 

a manner similar to thm of Sa in 68% y ield. Sb : co lorl e ·s crystals : 1H NMR (500 Mllz, CD,OD. 

60 °C) 8 1.00 (~. 181-1). 1.02 (s, ISH). 1.28 (s, 9H). 1.3 1 (s. 9H). 3.27 (d . J = 16.0 Hz, 2H), 3. '9 (d. 

J = 15.7 Hz. 2 H), 3.738 (s, 181-1 ), 3.742 (l>, 18H). 3.77 (dd, J = 7.5. 1.7 Hz, I H ), 3.83 (d. J = 12.8 

Hz. 21-l ). 3.89 (d . J = 12.8 Hz. 2 Hl. 4.0 I (s, 21-J ), 4.02 (d, J = 16.0 Hz, 2 H), 4.18 (s, 21-1), 4.45 (d. J 

= 15.7 Hz. 2H). -1-. 89 (d, J = 11 .8 l-Iz. 21-1 ), 4.94 (d. J = 11 .6 Hz, 2H), 5.04 (d, J = 11 .8 Hz. 2H). 

5.10 (d. J = 11.6 Hz. 2 H). 6.02 ( t , J = 7.5 Hz. I Hl, 6.67 (br, 2H). 6.77 (d, J = 2.4 Hz, 2 1-l), 6.82 

(del. J = 7.5, 1.7 Hz. 11-1), 7.03 (d, J = 2. I Hz, 2 1-1 ), 7. 12 (d, J = 2.4 Hz, 21-I) , 7.145 (s, 21-[) , 7.154 

(>. 2 1-1 ), 7.89 (d. J = 8.9 Hz. 41-l ), 7.97 (d. J = 9.0 Hz. 4H). 8.04 (d, J = .9 Hz, 41-l). 8.05 (d, J = 

9.0 Hz. 41-l); 1 'C NM R ( 125 MHz. CD10D, 60 °C) 8 30.09 (t), 30.53 (t), 31.99 (q), 32.04 (q X 2). 

32.20 (l), 34.96 (;) . 35.04 (s) . 35. 14 (s). 35.19 (s). 35.93 (t), 58.2 1 (q), 58.24 (q), 72.62 (l), 73.81 

(l), 7444 (l), 74.72 (t). 121.39 (d), 12 1.47 (d), 12550 (d), 126.51 (d), 126.61 (d), 128.15 (s), 

128.34 (d). 128.82 (d). 129.49 (d), 129.26 (d). 130.88 (d), 131.49 (d), 131.92 lei), 132.95 (d), 

133.21 (s), 133.44 (s), 133.77 (s), 133 .84 (s) , 133.95 (S), 134 .74 (s), 137.9 1 (s) . 142.40 (s), 142.67 

(s). 146. 1 I (,). 146.43 (s). 146.48 (s), 146.87 (s). 148. 18 (s), 14 .32 (s), 151.03 (s), 154.28 (s), 

155.16 (s). 155.65 (>). An~!. Calcd for C114H 1."BrCI,1 40 6-11 H20: C, 65.60; H. 8.06; N , 2.6 

Found: C. 65.64: H, 7.75; N, 2.8 1. 

Attempted deacetylation of tetraamide lOa. To a solution of tetraamide lOa ( 18.4 mg. 10.2 

mmol ) in THF (5 mL) were added a so.lution of LiEtJBH in THF ( LO M, 400 IlL) and stirred at 

room temperature for 2 h. After addition of water, THF wa removed to fonn white precipitates, 

which were co ll ec ted to afford 4 (1 1.0 mg, 95%). 

Determination of critical micelle concentrations (CMCs). The critical micelle concenu·ar.ions 

were determined using the fo llowing three methods: (a) Light-scattering method: the intensity of 

light scattering at 90° at a wavelength of 375 nm at 300 K was pi tted against the concentra.tioo 

of the aqueous solmion of each isomer. ami the break poinl where the . lope increased was 

determined. (b) Conductivity met hod: the electric conductivity of the degassed aq ueous 

solution of each isomer at 300 K was plotted against the concentration, and the break point where 

the sl pe decreased was determined. (c) NMR method: the concentration dependence of the 

che mical shifts o f Lhe 1H NM R spectra of each isomer in op at 300 K was monitored, and the 

break point where the c hemical shift s bec:tme dependent on the concentration was determined. 
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4.1. Introduction 

Ca li xa renes have been widely u'ed as li gands for lnlll,iLion metals t"J Especia ll y, 

much mtention has been paid to the app li cati on of 1he reactions of a metal cen ter fixed on ri gid 

calixarene matrices such as 1 and 2.1""·so1 Switch ing of !he nuoresccnce intensity wa achieved 

by changi ng !he ox idation state of calixquinone complex 3 bearing ruthenium ato ms. t>II 

M = Zr. Ti, •lo. W ... 

3 

On the otber hand, fewer examples have been reponed for metal complexes of larger 

class of ca.li xarcne~ (n ~ 5). which is partly because of difficLiity in cono·oJliJ1 g the geometry of 

the compJexes. Compounds 4 and 5 are the examples of metal complexes bearing a 

ca li x[6jarcne li gand. but it was difficult to know what geometry the complex adopts without X­

ray analy> i .1521 For construction of multi-functionalized molecule based on calixarene 

frameworks. it is imponantto contro l the con.formation of the cali xarenes. 

4 5: MLn = PdCI2. Pt l2, Rc(COh CI etc 
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In Chapter 2, the amhor delineated the syn thesis and structures of the conformationally 

frozen isomer> of the bridged ca.lix[6]arene . It is expected thar synthesis of conformationally 

well-defined complexes wi ll be facilitated by u~ing the ligand based on these rigid frameworks. 

ln thi s chapter, the author de~cribes the developmenl of a ca lix[6]arene ligand 6, whose 

framework i. Jixed in the cone conformation. and it s usage forth<! ~yn thes is of the opper(fl) and 

platinum(l l ) complexes. 

6 

4.2. Synthesis of a ligand 

Calixf6]arene ligand 6 was prepared by pyridy.lmethylation of bridged calix[6]arene 7125' 1 

using ces ium carbonate as a base as described in Chapter 2 (Scheme 4-1). ln these conditions, 

only the cone i.,omer was obtained and other isomers were not isolated. 

Scheme4- J 

6: 76o/r 

Using the ligand 6, synthesis of the complexes which contain transition metal ions in 

square planar geometry wa investigated . It was found that stab le complexe were formed wben 

the metal were Cu(J I) and Pt (fl) whereas Ni(IJ) or Pci(Il) complexes were not isola ted in pure 

form. 
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4.3. Synthesi. of copper( II) complexes 

When a solution of the li gand 6 was added tO a o lmion of copper( ll) perchlorate, the 

co lor of the w lution changed from pale blue to dark blue. which suggests the fo1mation of a 

copper( ll ) comp lex of li gand 6. The absorption pecLra of the solution are shown in Figure 4-1 

(A) and the absorptivity was ploncd toward the molar ratio o f 6/ u in Figure 4-1 (B). 

(A) 

0.2 

0 

400 600 

0 

molar ratio 
6/Cu 

800 

wavelength (nm) 

molar rat io (6/Cu) 

1000 

2 

Figure 4-1. Spectroscopic titration for the complex between ligand 6 !UJd Cu( IJ) in acetone­

chl oroform ( I: l) so lution. Concentration of Cu(ll.) is 4.5 x LO-' M. 
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The broad absoqJlioo around 800 nm decreased and the absorption at 589 nm increased 

as the mo lar ratio of 6/Cu increased until 6/Cu = 1.0. However, the ab ·orptivity became 

constant when the ratio of 6/Cu was over 1.0. These res Lilts indicate the formation of a complex 

which ha. an equimolar amouot or cali xarene ligands and copper atoms. lt was aJ o foLmd that 

the spectra haYc no iso bestic point. indicating that some other complexes were in volved during 

the r nnation or the copper complex. 

Elememal analysis f the complex also ugge ts the fo rmat ion of I: I complex but the 

mass specu·a show the rragment of [6 + 2Cu + CIO,], which c;m be reasonably exp lained by 

assuming a 2:2 complex. These result. indicate tl1e formation of 2:2 complex such as 8 

(Scheme 4-2) although the structure of 1he complex was nol defini.lely determined because the 

crystals suituble for X-ray analys is could not be obtained. 

J<igure 4-2. Pan of the PAB-MS spec trum of 1he copper( D) complex of ligand 6. 

Scheme 4-2 

6 8 
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.t.4. Synthesis of platinum complexes 

Generally. platinum(! I) complexes are known to be stable toward oxygen and moi ture 

and in ~ome ca~es they have enough stabilit y to be purified by . ilica ge l chromatography. It wa. 

found that in the reac tion of 6 with different equiva lence of the Pt(ll) sou rce. K2PtCI, . two 

differen t Pt ( ll ) cornplexe · were fo rmed (Sc heme 4-3). 

chcmc4-3 

6·PtCt2 + 
(= 9) 

6 

Both complexes showed hi gh stabi lity and they we re separated by silica gel 

chromatography. Ba ed on the analytical data and mass spectrometry , one wa: determined to be 

a mononuclear complex 6·PtC I2 (= 9) and the other was iden ti fi ed a, a binuclear complex 6-Pt,CI, 

(= 10). Their yields are ummari zed in Table 4-l. 

Table 4-1. Yields of the pla tinum(ll ) com plexes 

egui v. of K, PtCI, 
1.0 
2. 1 
5.7 

9 
51 % 
9% 
0% 

10 
14% 
35% 
52% 

recovered 6 
26% 
20% 
0% 

The mononuclear complex 9 remained unchanged in CDC11 solution for 12 h at 25 "C. 

Treatment of i ~olated 9 with K1PtCI, resu lted in the exclusive fom1ation of 10, which 

demonstrates the stepwise formation of the binuclear complex 10 via mononuclear complex 9 

(Scheme 4-4 ). 

Scheme 4-4 

6·PtCh 
(= 9) -

Kol'tCI!!___ 6-Pt1CI4 
(= 101 
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There are three poss ible strucwres A, B, aud C depicted in Scheme 4-5 for neuu·ai 

mononuclear complex 9, but they are considered 10 have cli fferem pallerns of NMR ignals 

tTable 4-2). The struc ture of 9 was determined to be A based on the signal patterns of 'H and 

"C NMR spectra of 9. wh.i ch shows Lh.ree singlets for rert-butyl groups, fou.r pairs o f doublets for 

ArCH,Ar, and three pairs of doublets for Ar0CH2Ar. 

Scheme 4-5 

P\ 
cr ct 

A B c 

Table 4-2. Panerns of the 11-1 1 MR signals fo r the po s ible . tructure of complex 9. 

Pattern 
A 

B 
c 

R (=t-Bu, H) 
S X] (2:2:2) 
S X 3 (2:2:2) 

s .J (2:2:1 : I ) 

ArCH,Ar 
pair or u X 4 (2:2: I :I) 
ruir of cl x 3 (2:2:2) 
pair of d x 3 (2:2:2) 

Figures in parentheses indicme the integral ratios of the .sign:.! IS. 

ArOCH,Ar 
pair or d X 3 (2:2:21 
pair of d x 3 (2:2:2) 

pair of d X 2 (2:2), S X 2 ( I : I ) 

S imilarl y, binuclear complex 10 h a~ two possib le st ructure~ D and E depicted in Scheme 

4-6. Because D and E have the same symmeu·y, the structu re of 10 cannot be determined by the 

signal pauern of the MR spec tra. However, the fact that the reac tion of mononuclear complex 

9 with K,PtCI, afforded 10 strongly supports the structure D. 

Scheme4-6 

D E 
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4.5. Crystal stmcture or the binuclea r complex 

The mucture or binuclear complex 10 was IJnally determi ned by X-ray crystallographic 

analysis (Figure 4-3). It was found that both of the two plat inu m atoms are coordioated by the 

adjacent two pyridine moieties, which were separated by the central bridging unit of the 

calixarene pan. The geometry around the platinum atoms w<~> found to be cis. wl1ich is imilar 

to the parent pyridine complex. I Pt(py),CI2l, prepared from the re;l tion of K, PtCI., wi th pyridine. 

It was also found that the intramolecular dis tance between the two pla ti num atoms is considerably 

longer ( 10.6 A) than the intermolecu lar distance (4.6 A). This intermolecular interacti on 

between Pt-C I interac ti on resul ts in the fo rmati on o f one-dimensional z igzag chain along the 

Ct)l ·tallographic [1 10] axis . Similar int.eraclion are repo1ted in the literature for !.he simpler 

compound (cis-[Pt(py), CI,l, cis-[Pt(NH ,)2Cl2], and [Pt(eu)CJ 1])-'-''l 

Figu1·e 4-3. X-ray structure of the binuclear complex 10. 

I'I2-PL2*: 4.5 Ptt -Ptl *: 4.64 A 

Figure 4-4. Crysta l su·ucture of comple · 10 ·hew ing !.he intermolecular imeraction. 



Chapter-/- Appficarion of a Bridged Cttlix/6/arene-a.r a Uga1ldforTransitiOil Metals 9 1 

As discussed above, onl y one kind of complex wa. formed for each of mono- and 

binuclear complexes. This selecri,·ity sugge ts that the bridging by the platinum over the cent ral 

bridging unit or the ca li arene is less favorab le probably due to the ~teric reasons. 

4.6. Confonnation of the complex in solution 

The structure: o f the platinum omplexes were also investigated using their '"' Pt NMR 

chemica l sh irts. The cbemicaJ shifts or some plarinum(Il) complexe including 9 and 10 are 

summarized in Figure 4-5. The chemical shi ft · of the reference compounds. ci~·- [PtCl,(py):J. 

trwrs-!'Pt (CI2(py}zJ, and [Pt (py),JCI, which were synthesized according to the literature/541 were 

also measured under the same conditions. 

-2500 

9 10 

Figtu·e 4-5. ''"Pt NMR chemica l shifts of some platinum(ll ) complexes ( in ppm, reference lo 

external K2PtCl0 in D,O) . 

The ''"Pt 1MR signa ls of cal ixarene complexes 9 and 10 were observed around - 1980 

ppm, wh ich are Rlmost the same value as that of cis-[PtCl2(py)1] (-1982 ppm). These re. ult 

support Lh at the geometry of mononuclem· complex 9, whose structUTe was nor determined by X­

ray ana lys is, is cis as well as the binuclear complex 10. 
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The structure; o f the complexe' can also be cleduceci from rhe 'H NMR chemical shi ft>. 

It io of note thut the chemica l shifts of lhe protons on the cetm al bridging unit were drasti ca ll y 

changed during the complex formation (Figure 4-6). 

c -o-ypo"' bvb 

~.1 ,•''' 

~~iLJlW~ 
l~tg<_tnd_6 ____ ~~~~-----~~tl------~~----~Ul~ 

FigUt·e 4-6. Pan of the 'H NMR >peclra of the complexes 9 and 10 as well as the Ugand 6. 

The downfield shirts of the H., and H, are asc ribable to the fixation of pyridylmethyl 

groups ncar the bridging units by Pt aroms. lt is of note that the chemical shift of 1-l,, far from 

the Pt atom. was al so affected by the metal. This upfield hift observed for He suggests that the 

cav ity of the calixarene gets co llapsed a.fter the Pt complex is formed; a~ is indicated by the 

crysta l ·u·ucrure of 4, where one of the lert-butyl groups at the upper rim fills the ca ity of the 

caUxarene. 
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Experimental 

General. Melting points were determined on a Yanaco micro melting poinL apparatus. All 

melting point. were uncorrected. DMF (spe ial grade) and acetone was purchased from Wako 

Pure Chemical Industries Ltd. and u. cd without purification. Dichloromet.hanc was distilled 

from calcium hydride. PreparatiYe TLC was carried out with Merck Kieselgel 60PF254 Art. 

7747. 11-1 MR and "C NMR spectra were recorded on a Bruker DRX-500, a JEOL JNM -A500. 

and a JEOL EX-AL270 spccu·ometers. 11:-1 NMR and ' 'C NMR chem ical shifts were referenced 

to the resonance;. of tetramethylsilanc. Assignmcms of NMR ,ignals' ere baed on 20-COSY. 

HMQC. and I-IMBC spectra. '"'Pt NMR specu·a were recorded on a JEOL JNM-A500 

spectrometer at I 07 MHz in CDC! , olvent and chemical shift · were referenced to the absorption 

of K?PtCl0 in D,O (= 0 ppm) as an external standard. Mass spectra were recorded on a JEOL 

SX-102 mass spec trometer. Y/vis specu-a were recorded on a JASCO Y-530 UY/vi 

spectrophotometer. Elemental analyses were per armed by the Microanalytical Laborarory of 

the Dep<ulmelll of Chemistry, Faculty of Science. the University of Tokyo. 

Synthesis of ligand 6. To a sus pen ion of bridged calix[6Jarene 7125
"1 (537 mg, 0.50 nunol) and 

cesium carbonate (2.45 g. 7.6 rnmol) in DMP (50 mL) was added 3-(chlorometbyl)pyridine 

hydrochloride (-'1- 19 mg. 2.5 mmol ) and the reaction mixture was sti rred at 70 oc for I d. After 

the add ition or aq. NH,CI. the mixture 1 a ex tracted with chloroform. d1·ied over MgS04. After 

remo al or the so lven t, the crude product was recrystallized from chloroform/methanol to affo rd 

6 (544 mg, 76%) as col rless crystals. mp 279-280 oc; 'H NMR (500 MHz, CDC!,) 8 0.95 (s. 

361-I) , 1.44 (s, 181-1). 3.23 (d, J = 14.2 Hz, 2/-l), 3.40 (d, J = 15 .4 Hz, 4H), 4.17 (s, 4H), 4.27 (d. J 

= 14.2 Hz, 2H), 4.42 (d. J = 15.4 Hz. 41:-1), 4.47(d. J = 12.3 Hz. 4H). 4.58 (d, J = 12.3 Hz, 4H). 

5.5 l (s, I H), 6.84 (t, 1 = 7.6 Hz, 11-L) , 6.86 (d, J = 2. I Hz, 41-l), 6.93-6.94 (m. 4H), 6.96 (d, J = 2.1 

Hz. 41-1) . 6.97 (d. J = 7.6 Hz. 2H), 7.17 (d . J = 7.8 Hz. 4H), 7.33 (s. 41-l). 8.22 ( , 4H), 8.37 (d, J = 

4.8 Hz, 41-l ); '·'C NMR ( 125 MH z, CDC! ,) 8 28.62 (t), 30.26 (t), 3 1.19 (q), 3 1.62 (q). 34.07 (~). 

34.27 (s), 7l.32 (t), 72.19 (t). 120.76 (d). 122.49 (d). 123.16 (dl. 124.54 (d), 125.26 (d). 127.00 

(d), 128.08 (d), 132.32 (s), 132.82 (s), 132.90 (s), 132.98 (s), 134.96 (d), 13804 (s), 145.88 (s) , 

146.1 8 (s), 148.28 (d), 148.54 (d). l 5 1.36 (s), 152.38 (s). Anal. Calcd for C98H110N,0 6· 1-120: C, 

80.73: 1-1, 7.74; N, 3.84. Found: C, 80.96; 1-1 , 7.59; N, 3.95. 

Synthesis of copper(Il) complex 8. To a solution of 6 (29 mg. 0.02 mmol) in cWoroform ( l 

mL) and acetone (2 mL) was added a so lution of Cu(Cl0,)2·6H,O (9.4 mg, 0.025 mmol) at room 

temperature. After the addit.ion of toluene, the mixture was evaporated to give blue precipitate . 
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which were co llected and dried Lo afford 8 (27 mg, 74%) as blue powder, mp >300 °C. Anal. 

Calcd for C9, H110CI1CuN,01.1·2H20: C, 66.33; H. 6.70; N, 3.16; Cl, 4.00. Found: C. 66.33; H. 

6.49: N, 3.07; C1. 4.2 1. 

Spectroscopic titration of copper(ll) complex 8. A solution of Cu(CI04h (4.5 x I o-> Ml in 

chloro l'orm/acctone (I: I) was titrated wit h a solution of li gand 6 (5 x I o-' M) containing 

Cu(CIO")' (4 .5 x 10·· • M) in chloroform/acetone ( I: I) by UV/vis spectroscopy. 

Synthesis of mononuclear platinum(ll) complex 9. To a o luti on of 6 (58 mg, 0.04 mmol) in 

dichloromethane ( I mL) and acetone (8 mL) wa. added a solution of potaosium 

tetrachloroplatinate ( 1.7 mg, 0.04 mmol) in water (3 mL) and acetone (2 mL) at room temperature. 

After standing for 2 d at room temperature. the mixtw·e was extracted with chloroform, dried over 

a2SO,, and evaporated to drynes . Tbe residue was subjected to preparative TLC sil ica gel, 

ch lorofom1/acctonc, 3: l ) afforded mononuclear complex 9 (35 mg, 5 1%) and binuclear complex 

10 ( II mg. 14%) a well as starting material6 (15 mg, 26%). 9 : colorle.s crystals, rnp 160 oc 
(dec); 11-1 NMR !500 MHz, CDC I,) o 0.74 (s, 18H). 112 (s. 181-l ). 1.46 (s, l8H), 2.99 (d, J = 14.8 

Hz, l H), 3. 18 (d . .I= 13.4 Hz, Il-l ), 3.37 (d, J = 15.3 Hz, 2H), 3.53 (d, J = 14.8 Hz, I H), 3.56 (d, J 

= 15.9 Hz, 21-1), 4.06 (d, J = 12.7 Hz, 2 1-1). 4. 19 (d. J = 12.7 Hz. 2H), 4 .32 (cl, .I= 13.4 Hz, I H). 

4.33 (d, .! = 12.2 Hz, 21-lJ. 4.46 (d, J = 15.3l-lz, 2H), 4.5 1 (cl, J = 15.9 Hz, 2H), 4.53 (s, 4H), 4.83 

(d . J = 12.2 Hz, 2 1-1 ), 5.25 (s. !H). 6.51 (d. J = 1.2 Hz. 21-1). 6.88 (cl, J = 1 8 Hz, 21-1), 6.92 (d . .I= 

12 Hz, 2!-l), 6.96-6.99 (m, 21-l), 7.13-7. 14 (rn , 4!-l), 7. 19-7.2 1 (m. 5H), 7.24 (d, .T = 18Hz, 2H). 

7.37 (s. 41-1). .24 (s, 2H). 8.30 (s, 2H), 8.40 (d . .I= 3.7 Hz, 21-1 ). 8.93 (m, 2H); 13C NMR ( 125 

MI-Iz. CDCU 8 27.88 (t). 29.47 (t), 29.54 (t), 30.86 (t), 30.97 (q), 3 1.32 (g). 3 1.65 (g). 33.93 (. ). 

34.24 (S). 34.32 ( ). 71.72 (l). 7 145 (t), 72. 12 (l), 12145 (d), 122.70 (d). 123. 14 (d). 123.93 (d), 

125 .03 (d). 125.47 (d x2), 125.84 (d), 127.38 (d), 127.62 (d). 128.86 (d), 130.90 (s). 132.22 (.), 

132.6 1 (sl, 132.76 ( ). 132.79 (.'), 132.93 ('). 133.22 (s), 135:23 (d), 136.51 (s), 137.46 (d), 

138.48 (s). 145.95 (s), 146.26 (s), 146.36 (s), 148.6 1 (d x 2). 150.61 (d), 151.31 (s), l5L.36 (s), 

152.24 (s). 152.54 (d); ''!S Pl NMR ( 107 MHz, CDCl,l 8 - 1977. Anal. Calcd. for 

C,gH11" l2N40 6Pl ·41-1 ,0: C, 66.20; l-1 , 6.69; N, 3. 1 S; Cl. 3.99. Found: C, 66.42; H, 6.32; , 3. 1 ; 

C1 ,4.32. 

Synthesis of binuclear platinum(Il) complex 10. To a so lution of 6 (30 mg, 0.02 mmol) in 

dichloromethane (0 .5 mL) and acetone (4 mL) was acldecl a so lution of potassium 

tetrachloroplatinate (50 mg, 0.12 mmo1) in water (1.5 mL) and acetone ( I mL) at room 

temperature. After standing for 2 d at room temperamre. the mixture was extra ted wi th 
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ch loroform. dried over Na2SO., and evaporated to dryness. The residue was subjec ted to 

preptu·ati vc TL ( ili ca ge l, chloroform/acetone. 3: I) to afford binuclear complex 10 (22 mg. 

52%) as co lorl ess crystah , mp >300 °C: 1H NMR (500 MH z. CDCI1) 8 0.94 (s. 36H). 1.45 (s, 

J8H). 3. 17 (d. J = 14.7 Hz, 2H), 3.5 1 (cl.J= 15.4 Hz.4H), 3.88 (d, J= 14.7 Hz, 2H), 4. 1 1 (s,4H), 

4 .39 (d. J = I 2.5 Hz. 41-1). 4.50 (d. J = 15.4 Hz, 4H ). 4.77 (d. J = I 2.5 Hz, 4H). 5.15 (s . I H). 6.93 

(s. 81-1), 7.19-22 (m, -tH ). 7 .26 (m. 4 1-1 ), 7.37 (s. 41-1 ), 7.56 (d, J = 6. I Hz, 21-l), 8.44 (s, 4H) , 8. 50 

(bn. 11-l ). 9.00 (cl, J = 4.6 1-l, 41-1): " C. M.R ( 125 MH z, CDC!, ) 8 28.08 (t). 30.22 (t). 3 l.l.4 (q). 

3 1.64 (q ), 3-t . I I l ·J, 3-+.30 ( ), 7 1.1 9 (t), 7 1. 84 (t), 121.87 (d), 123.29 (d), 12483 (d), 125.22 (d), 

I 25.90 (d), 128. I 7 (d) . 129.44 (d). 13 I .64 (s). I 32.39 (s), I 32.44 (s), I 36.27 (s), I 36.99 (d), 

I 38.59 (s), 146.20 ('), I 46.30 (S) , 150.02 (d), 151.28 (s), 152.42 (s). 152.93 (d) ; ' 93Pt NMR ( I 07 

MHz. CDC! ,) 8 - 1974. Anal. Calcd. for C98fl 11 0CJ4N40 6Pt2·H20: C, 59.15; 1-l, 5.67; N, 2.82; C1 , 

7.13. Found: C, 58.97: H , 5.68; N, 2.8 1; Cl, 6.84. 

X-ray crystallographic analysis of binuclear complex. Single crystals of 10·5.3CH2CI2 were 

grown in dicll lorornethane. C10, 11-1 100 6Cl ,,, ;O,,Pt !. M = 2422 . 1 I. triclini c, P- 1, a= 15.097 (3) 

A, b = 18.073(4) A, c = 24. I 26(5) A. a= 88.06( 1 )0
, {3 = 76.464(9)0

• r= 7 1. I I(IY. v = 6049(2) 

A', Z = 2, D,""" = I .330 gem·'- The intens ity data were coll ected at 297 K on a MAC Science 

DIP-2030 imagi ng plate area detector with Mo~ radiation (},= 0.7 1069 A) . 20094 reflection 

were collected. The platinum and chlorine atom~ were re fined anisotropically and moms in 

aromatic rings and so lve nt mo lecules were relined using ri gid group model . Other oon­

hyd rog~n moms were calculated and were not refined. Hyd rogen atoms were not included. 

The fina l cyc le of full-matrix lea. t-squarcs refine ment on F was based on 2992 obse rved 

ren ections [/ > 4.00o(!) ]. R = 0.114. R" = 0.136 for 225 parameters. 
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5.1. Introduction 

The inner space of macrocyclic molecules provides a unique microenvironment to the 

included gue~t species. 1''
61 Recemly, the electrochemical behavior or reactions of redox-active 

>pecie~ such as qu i nones included in the cav ity of calixarenes, carce rands, and cyclophanes have 

been reponed .f''-"·'"1 Typical examples of ; uch complexe& are &llOwn below. 

R R R R 

so,-

© © Q 
0 

l'IC. 

2 3 X= ,CH 

In these complexes based on the non-covalent interaction, however, on ly the averaged 

properties of the complexed and dissociated gue t specie are observable. Furthermore, the 

geometry of the gue. t molecu le in the cavity of the macrocycle is often ambiguou . li a redox­

active species is covalenrly anchored in the cavity with weU-defined geometry, it is expected that 

tbe effect of the urrounding macrocycle on the properties of the species can be elucidated much 

more definitely . Although a large tlumber of macrocyclic quioones such as calixquinone 4-6 

have been reported so far,l'' 1 there has been no example of a compound bearing a quinone moiety 

covalently fixed in the cavity . 

• -
I 

0 

0 0 0 

0 0 
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The author has discussed in Chapters 2 to 4 on the ·ynthesi and application of 

cal ix l6]arcncs bridged by a functionali zecl m-xylylene unit, who,c cav ity i expected to serve also 

as a rea.::tion rield for a redox-active moiety covalelllly anchored in it. In this chapter , the 

synthc, is, ~a ruc:turc, and redox propenie,; of the quinone-bridgeu calixi6Jarene 7 with a rigid cone 

conformation arc dclinemed . 

5.2. Synthes is of quinone-bridged calix[6]arenes 

Synthesis of 7 wa effecteu by the route shown in Scheme 5- L where p-bromoanisole 

derivative 11 wa~ used as a synthetic intermediate of the !A-benzoquinone moiety. Bridged 

compound 10 wa:, prepared by the reaction of p-rer/-butylcalix[6]arene (S)t""l and tribromide 91'"1 

in 73% yield as depicted in Chapter 2. Benzylation of tbe four hyd roxyl groups of 10 in the 

presence of ce,ium arbonare afforded exc lusively cone i omer 11 of the tetrasub littaed product 

in 93 % yield. The bromide functionality of 11 was converted to a hydrox yl group via lithiarion 

followed by the reaction with trimethyl borate and u·earment with an alkaline solution of 

hydrogen peroxide. Oxidation oJ' p-methoxyphcnol derivative 12 by Lron(lll) chloride afforded 

the target compound (7) as pale yellow crystals. Compound 7 was also found to adopt a cone 

conJ'orrnation. indicating that no conformational change occurred during the chemical 

moclilication or the bridging unit. 
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Scheme 5-l 

l)l-Bu i.J 
2) BrOMcl, 
Ji H,O,. OII· 
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The reference compound~ wi thout a calixarene framework were also prepared. The 

synthesis of 2.6-bis( phenoxymethyl)- 1.4-benzoquinone (13) was shown in Scheme 5-2. 2,6-

Dimethyl- 1 A-benzoquinone (14) was prepared according to the li leratu re.rs•l 

Scheme 5-2 

~ B. y Br 

Br 

9 

FeCI, 

92% 

~ Ph~ y OPh 

90% 
Br 

15 

Ph~OPh 
0 

13 

I) 1-BuLi 
2) B(OMc)J 
3) Hz02, NaOH ~ Ph~ y OPh 

65% 
OH 

16 
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5.3. SpeclraJ proper·ties of' quinone-bridged calix[6]arene 

Ln the infrared spectrum of 7, the C=O absorption was observed at 1653 em·', which is 

almost rl1e same as those or the reference compounds 13 (I 657 cm"1
) and 14 ( 1653 em-') without 

the calixarenc framework. On the other hand. in rhc 'H NMR >.p~ctrum, a strong upfield shift of 

HI and l-Il wa> ob,erved l'or 7 in comparison wi th phenoxymethyl derivative 13 (Table 5-1), 

indicating that the qu rnonc moiety of 7 i> magnetically shielded by tlre surrounding aromatic 

rings of the calixarene framework. This effect was also found in the 11C MR spectmm of 7. 

which shows the up field hift of C I unci C3. In the electronic absorption spectra, it was difficult 

to determine the maximum absorption wavelength and the absoqJLion coefficien t of the quinone 

moiety of 7 due to the strong absorption of ten benz ne rings of the bridged calix[6]arene 

framework . 

Table 5-1. 'H (Uld " C NMR Chemical shifts (OJ" ofquinones 7, 13, and 14. 

Com pd. HI Hl Cl C2 C3 C4 C5 

7 6.36 2.47 182.99 143.58 127.44 187.28 67 .38 

13 6.96 4.96 186.29 144.03 132.09 186.86 63. 11 

14 6.56 2.06 I 7.59 145.76 133.26 188. 16 15 .93 
0 

" Measured in CDCI1. 

5.4. Elec trochemical properties of quinone-bl'idged calix[6jarenes 

The cyc lic voltammograms of quinone · 7 , 13. ;md '14 are ·hown in Figure 5- L. Two 

waves were observed fo r the quinone-bridged calix[6]a1·eoe 7. Lhe second one being considerably 

broadened. These two waves are considered to corre ·pond to the f01mation of a monoanion 

radical and a di~m i on of the quinone moiety, respecti vely, si milm·ly ro other benzoquinone 

derivative including 13 and 14. 
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I 4~A 

7 

14 

-2.0 - 1.0 

PotcnuuiN V> Ag/Ag~ 

Figure 5-L yc li c voltammograms of 7, 13, and 14 (5 x 10-4 M) in dichlorome.thane 

containing 0.1 M tetrabutylammonium perchlorate on a glassy carbon electrode. Reference 

electrode, AgjAg' . scan rate, 100 mV·. _,_ 

The reduction/oxidaLion potentials of the-e qui nones are summarized in Table 5-2. The 

reduction p tenLial of 7 is shifted to a more negative region than that of the methyl derivaLive 14, 

indicating that the quinone-bridged calix [6]arene 7 is more difficult to be reduced. Similar 

negative shift is reported for the oxidaLion potential of ferrocene .i nco rporated in a water-soluble 

calix f6J arene I. 

Table S-2. Oxidation/reduction potentials (£"2/V) of 7, 13, ancll4. 

0/- l 
- 1/- 2 

7 
- 1.25 

- 1.6 (br) 

13 

-0.7 1 
- 137 

14 
-0.91 
-l.44 

• Measured in 5 x 1 0_, M dichlorornethanc solution containing 0.1 M tetrabutylammonium 

perchlorate on a glassy carbon e lectrode. Reference electrode, Ag/Ag', scan rate, JOO mV·s-' . 
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E lectrons arc known to be one of the panicles for which the lllnneling is very imp01tam 

and, therefore. the ste ric factors of the macrocyclic framework consisting of s ix benzene ring are 

unlikely to interfere wi th the acces of e lectrons to the central quinone moiety. ln fact. stericall y 

hindered 2,5- and 2,6-d i-/ert-butyl- 1.4-benzoquinone arc known to have reduction potentiab not 

so different from those of the correspondi ng methyl derivatives. 1'"t lt i;; obvious. however, that 

in compound 7 the cali xarene framework affect> the redox properties of the quinone moiety . 

There arc two factors which can explain the negati ve ~ hift of the reduc tion potentials. 

One i, the effect or the counter .:ation in the electrochemical measurements. Usually, ionic 

·pecie: generated in the redox processes of cyclic vo ltammet ry are stabili zed by forming tightly 

bound i n pair. The t:a lixarene ma rocycle o f 7. however. interfere with the access of the 

counter cations to the anionic quino ne moiety, wh ich i con ·idered to destabilize the reduced 

form of the qui none to re~ult in the negatively shifted potentials . 

The other facto r is the through- pace imeraction between the quinone moiety and the 

macrocycli framework rather than the effect deri ved from the steric bulkiness of the macrocycle. 

On considering the fa t that the potentia l of the phenoxymethyl 'ub tituled quinone 13 is more 

posit ive than th nt of the methyl deri vative 14. the two CH,OAr ~ubstil.llent at the 2,6-posi ti ons of 

the quinone moiety of 7 seem not to be respons ible for the observed negative shift. instead, the 

through-~pacc interaction between the quinone moiety and the calixarene framework or the 

lower-rim benzyl group is considered to be more important ru dep icted in the following section. 

5.5. The effect of lower·- .-im substituents on the reduction potentials 

If the negative sllift of the reduction potentia!J; of quiHone-bridged calix[6]arene 7 is 

ascribed to the electron ic eff'ect of the aromatic rings of benzyl groups at the lower rim. the shift 

is expec ted be reduced to . ome ex tent if the alkyl groups witl1out ao aromatic ring are introduced 

at the lower tim. As tbe alkyl groups to be introduced . ethyl groups were cho ·en because it is 

easy to recognize which kind of i omer exi sts in so lu tion by NMR pectmscopy; the 

conformational isomerization of the tetraethoxy deri vati ves i restri cted on the NMR Lime scale 

as described in section 2. 1 0. The ethyl derivative 17 was prepared according to Scheme 5-3. 

almost the same procedure as tJ1ose of the benzy l derivative 7. 
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Scheme S-3 
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T he ethyl derivatives 17- 19 are expec ted to be mixture:. of the confonnati onal isomers. 

;c di scus>ecl in chapter 2 . The NMR study , however, showed that the ethylated compounds 17-

19 in Scheme 5-3 ex ist exclusively as the cone isomer in CDCI3 ·oiution, which means that the 

cone i omer i thermodynamicall y stable than other isomer ·. The spectro copic properties of 

the qu inone-bridged cali x[6]arene '17 were found to be not so di fferent from those of the benzy l 

deri vat ive 7 . 

It was also found thai the electrochemica l prope1t ies of ethyl deri vati ve 17 are almost the 

:,.ame as the benzyl derivati ve 7 : the first reducti on potenti al wa> determined to be £ 112 = - l.27 V 

(vs . Ag/Ag) under the same cond ition , and the broad second wave was observed around - I .6 V. 

This fac t mean; that the negative silift of tbe reducli on pmemial of 7 i attributable not to the 

lower-rim benzyl group. but to other parr of the cali x[6]arene framework. 

5.6. Structural features of a quinone-br.idged calixl6]arene 

As d iscussed above, the through- pace interaction between the quinone moiety and the 

calix;u·ene framework is considered lO be the major factor for the negative shi fts of the reducti on 

potentials of 7 and 17. For clarifi cation or the three-dimensional arrangements of the quinone 
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moiety and the calix<u·ene, rbe crystal su-ucLUre of 7 was determined by X-ray anaJy::.i~ (Figure 5-

2). 

FigUJ·e S-2. X-ray structure of 7. Solvent molecules and hydrogen atoms are omitted for 

clarity. 

It wa · revealed that the quinone moiety is located inside the cone-shaped calixarene 

framework and surrounded by lhe benzy loxy group" at the lower rim. The bond lengths and the 

angles around the atom of the quinone moiety are shown in Figure S-3. 

TU'I(l) 
1..t.t01V 14~7(4 c, ·111'1(-4) c 
0~ lt7iC•I) c7 ~~·1 1 

I.J>I(<~ [U~<I 

~~~: 
11.227(4) 

08 

IA34{3) 

04 

Figure S-3. Selected bond lengths (A) and angle:- ( deg). 

08 

The two carbonyl groups of the quinone moiety are not so close LO the six. aromaLic rings 
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of the caJi, arenc macrocycle nnd the benzyl group:, at the lower rim. On Lhc other hand, there 

are sign ificant non-bonded comaus observed between the olefinic carbon atom of the quinone 

moiety and th~ oxygen atoms of the calixarene lower-rim (C2-04: 3. 172(3) A, C6-07: 3 .218(3) 

A) (Figure 5-4). This interacti on is eom, iderecl to raise the L'UMO level of the quinone. which 

result'> in the more negat ive reduction potential o f 7. 

Figure S-4. Non-bonded contac t between the quinone moiety and ether oxygen atom . 

5.7. Chemical reduction ol' the quinone-bridged calix[6]arene 

Chemical reduction/oxidation of the quinone-bridged calix[6]arene 7 was al o 

investigated. Reduction of 7 wi th borane/THF afforded hydroquinone derivative 20 in 43 % 

yie ld , which can be oxidized lo 7 again by iron(llJ ) chloride (Scheme S-4). The rever ible 

chemical reduction/oxidation of quinone-bridged calix[6]arcne 7 is possible in spite of 

incomplete rever ibility of it, cyclic voltanunogram. 

Scheme 5-4 

43% 
BH,JTHF 

FcCI3 

69% 

20 

The ; Lrucrure of bydroquinone derivative 20 was establi . heel by X-ray crystallographic 

ana.ly, is , showing its dimcric tructure wi th cyc lic hydrogen bonding network including three 
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molecules or mdhanol (Figure 5-5). 

202·(Mc01-lh 

Figure S-5. Crysta l structure or hydroquinone 20 ' hawing it climeric structure 202-(MeOH)-'. 

It was also revealed that the con !."otmalion of Lbe central bridging unit has changed 

li ghtly, which pushed down the bridge to orne ex tent (Figure 5-6). lt is of note that there is the 

intramolecular hydrogen bonding in the molecule of 20 (04-07: 2.62 1(4) A). The se lec ted 

bond lengths and m1gles are show n in Figure 5-7. 

20 

Figu re S-6. Molecular structure of hydroquinone derivative 20 compared wi th that of U1c 

quinone derivati c 7. 



Chapter ~- Symhe.;,is, Slr!KIItres, o"d Redox Properrie,,· tJj'Q11inone-Bridg~ll Calixf6Jcu·enes 107 

~ 
04 

···-· ~~~ .. J 
rca 

08 

This stru !ural change was also ob erved in olu tion , which is con finned by the 'H ~MR 

signals. As to compound 7 , the ~ ignal of the methylene protons connec ted to the quinone 

moiety was observed at 2.47 ppm. whereas that of 20 is observed at 4 .14 ppm. It was also 

revealed that there is no significant non-bonded interaction betwee n the hydroqu inone moiety and 

the lower-rim oxygen atoms found in the c rystal structure of 20. This su·uctural change can be 

ascribed to the electron density of the central bridging uni t ah we ll as the pre. e nce of 

imramo lecu lar hydrogen bonding. 

5.8. Reaction of the quinone-bridged calix[6)arene with a mines 

The reactivity of the quinone-bridged calix [6]arene is expected to be different from the 

parent qui nones because the reduction potentials of the quinone-bridged calix [6]arene are shifted 

negatively. Ln thi s section , the reac ti vity of the qu.inone-bridged calix[6]arene 7 is described. 

Tbe reaction of the quinone-bridged calixj6]arene 7 with excess amount of 

hydroxylamine was investi gated (Scheme 5-5). After the reaction. the crude mixwre contained 

mono-oxime derivative 22 as a m•~or product, which was confirmed by the 11-l NMR spectrum. 

After se paration by silica gel chromatography. ni lrosophenol deri vative 21 a · well as 

hyclr oqu inone 20 were ob tained. These results indicate that the reaction toward the intracavity 

carbonyl group of 7 was hampered by the cali x[6jarene mncrocyclc to give the mono-adduct 22, 

which readi ly isomerized on silica gel to afford ojtro ophe11o l 21 . 
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Scheme S-5 

+ 

21 68% 20 16o/r 

22 

imilarly. the reacti on with excess amount of phenylhydrazine gave azophenol 

deri vat ive 23. which seems to be rom1ed by add ition o f hydrazine to one of the carbonyl group to 

fo rm mono-adduct 24 fo llowed by isomerization (Scheme 5-6). In thi s reaciton , the major 

product wa~ the hydroquinone 20. 

Scheme 5-6 

+ 

7 23 12% 20 45% 

24 
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On the other hand, the reaction of 7 with N,N-dime thylphenylened iamine gave onl y the 

red uced product 20, no adduct being found in the reaction mixtme (Scheme 5-7).t"'l 

Scheme 5-7 

7 20 72 % 

The compound 20 was considered to be formed by reducti on involving an elec tron 

transfer from the amine. however, the process is not con idered to be favored in view of the 

negatively shifted reduction potenti:ils, which imply the reduced ability as a.n electron acceptor. 

Instead, this can be explained in terms of the ste ric hidrance as well as high elec tron donating 

ab ility of tl1e amine. The addition of the amine to the carbonyl group oJ the quinone moiety is 

expected to be so hindered and s lowered by the cal ix[6]arene framework that the electron transfer 

from the amine proceeds faster than the add ition de pite the unfavorably negati ve potentials. 

This is one of the reactions which reflect the structural feature> of quinone-bridged calix[6]arene 

7. 
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Experimental 

General. Melting poinl~ were detennined on n Yanaco micro melting point apparatus. All 

melting points were uncorrected. THF was 1 urified by distillaLion from sodium dipheny1ketyl 

under argon atmosphere before u e. BcrJLene was distilled from lithium aluminum hydride. 

DMF and u etonitri le (special grade) were purchased from Wak Pure Chemical [ndustrie: Ltd. 

and u;,cJ without purification. Tetrabutylarnmonium perchlorate was supplied from Tomiyama 

Chemica l!. as lithium battery grade. Dichloromethanc for electrochemical measurements was 

purchased from Kanto Chemicals as an HPLC grade and u ed without pur·ification. Column 

chromatography and preparaLive TLC were carried out with Wakogel C-200 and Merck Kieselgel 

60PF254 An. 7747. respectively. 'H NMR and 11C NMR pectra were recorded on a Bruker 

DRX-500. a JEOL JNM-A500. and a JEO L EX-AL270 pectrorneters. 'H NMR and 13C NMR 

chemical ,;hills were referenced to the resonances of tetramethylsilane. Assignment of NMR 

signal were ba>ed on 2D-COSY, HMQC. and HMBC pectra. m. spectra were recorded on a 

JASCO FT/lR-300E spectrometer. Elemental analyses were performed by tbe Microanalytical 

Laboratory of the Department of Chemistry. Faculty of Science, the Univer ity of Tokyo. 

Materials. The bridged calix[6]arene 9, 10, and 11 were prepared by the procedures described 

in Chapter 2. 2,6-Dimethyl- 1 ,4-benzoquinone (14) was prepared according to the literature.1'"1 

Synthesis of 4-methoxy-3,5-[38,39 ,4 1,42-tetrabenzyloxy-5,11, 17,23,29 ,35-hexa-/ert-bu tyl­

calix[6lar·ene-37,40-diyl)bis(oxymethylene)]phenol (12). To a so lution of bromide 11 (228 

mg. 0.15 mmol) in THF (25 mL) was added t-butyllithium ( 1.68 M in pentane, 280 ~L) and the 

mixture wa: ·tirred for 20 min. at -78 oc_ After ihe addi tion of trimethyl borate ( 1.00 !lL, 0.9 

mmol). the mixture wa. Lined for 1 hat -78 oc and then at room temperature for 14 h. To tbe 

solution wa added a solution of NaOH (600 mg) and 30% hydrogen peroxide (3 mL) in water 

('JO mL) and the mixture was Lined for 5 h at room temperature. After the addition of water 

and aq. 1-1 40. the mixture was extracted by chloroform, dried over MgSO,, and evaporated to 

drynes . The residue was subjected ro preparative TLC (sili ca gel, chloroform/hexane, 2:1) to 

give phenol 12 (65%). 12: colorless cry rals, mp 222-225 °C; 11-l NMR (500 MJ-Iz, CDC!,) o 
0.82 (s, 31-l), 1.0 1 (~. 361-1 ), 1.43 (s, 181-l), 3.25 (d, J = 14.4 Hz, 21-1). 3.34 (d, J = 15.2 Hz. 4H), 

3.38 (., 11-1), 4.15 ( . 41-f), 4.53 (d. J = 15 .2 l'fz, 41-1). 4.60 '(d, J = 11 .8 Hz, 41-1), 4.60 (d, J = 14.4 

Hz, 21-1 ), 4.64 (d, J = 11.8 L-Iz, 4 1-1 ), 6.55 (s, 21-l), 6 70 (d, J = 1.9 Hz, 41:1), 7.09-7.20 (m, 201-f), 

7.23 (d. J = 1.9 Hz, 4H), 7.28 ( .. 4H); " C NMR ( 125 MHz, CDC!)) o 26.55 (t), 31.00 (t) , 31.54 

(Cj), 31.7 1 (q). 34.07 (S), 34.22 (S), 60.37 (q), 68.94 (t), 74.95 (t), 1 13.86 (d). 123.99 (d), 125.33 
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(d). 127. 11 (d). 127 .37 (d). 128.09 (d). 128. 14 (d), 132.34 (.), 132.76 ( ·), 133 . 13 (s), 133.75 (s) . 

138.0 1 (s) . 144.94 (s) . 145. 10 (s). 149.96ts), 150.03 (s), 152.39 (s), 153.01 (s) . Anal . Calcd fo r 

C,.,H 11,,0 , : C. 83 .47: H. 7.93. Found: C, 83.21; H. 7.93. 

Synthesis of 2,6-[38,39,41 ,42-tetrabenzy1oxy-5, 11 ,17 ,23,29,35-hexa-tert-butylcaJLx[6]arene-

37,411-diyl)bis(oxymethylene)]-J,4-benzoquinone (7). To a e lution of 12 ( 100 mg, 0.68 

mmol) in benzene (5 mL) was added dropwise a . elution of iorn (fll ) chloride (250 mg. 1.5 mmol) 

in ace tic acid (0.5 mL) and acetoni tril e ( 10 mL). After 10 min, yellow precipitutes were 

co llec ted and dri ed to afford? (73.6 mg, 74%) as pale yellow crystal s, mp 187-198 oc (dec): 1H 

NMR (500 MHz, CDC!,) o 1.00 [s, 36H), 1.46 (s. ISH). 2.47 (>, 41-l) , 3.23 (d, .I= 16.5 Hz, 2H). 

3.3 1 (d, J = 14.7 Hz, 41-1), 4.48 (d, J = 14.7 Hz, 41-1), 4.50 (d, J = 16. 5 Hz, 21-l). 4.63 (d, J =I 1.4 

Hz. -11-1 ), 4.68 (d, J = 11.4 Hz, 41-J). 6.36 (s, 2H). 6.86 (s, 4H). 7.02 (s, 41-l ), 7. 17-7 .25 (m. 201-1 ). 

7.38 (s, 41-l); 13C MR ( 125 Ml-l z, CDC! ,) o 26.78 (L), 29.80 (t), 3 1.41 (q), 3 1.75 (q), 34. 19 ( ), 

34.39 (s). 67.38 (t). 75.35 (t), 125 .1 9 (d), 125.43 (d) , 127 .44 (dJ, 127.72 (d), 127.76 (d), 127.79 

(d), 128.38 (d), 130.99 (, ), 133.90 (: ). 134.45 ( ). 137.3 1 (s) . 143.58 ( ), 145.41 (s) , 146. 16 (s) , 

152.7 1 ( ), 153.54 (s) . 182.99 (s). 187 .28 (s): IR (KBr) 1653 em- ' (C=Ol. Anal . Ca!cd for 

C102H1120 .-0.5 H,0: C. 83.06; H. 7.7 1. Found : C. 82.92: H, 7.71. 

Synthes is of 5-bromo-2-methoxy-1.3-bis(phenoxymethyl)benzene (15). A su pen ion of 

tribromide 9 (358 mg, 1.0 mmol), phenol (243 mg. 2.6 mmol), and potassium carbonate (69l mg, 

5 mmol) Lll DMF (80 mL) was stirred for 24 hat room temperature. Arter the addition of water 

and aq .. H,CI , tbe mixwre was ex tracted with chloroform, dried over MgS04, and evaporated to 

dryness. The residue wa · purified by chromatography (s ilica gel, chloroform/hexane, 1:2) to 

give JS (359 mg. 90%) as colorl e · oil , which was pure enough for the next reaction. 15: 1H 

NMR (500 MHz, CDC!,) o 3.84 (s, 3H). 5.08 (s, 4H l, 7.00-7.03 (m, 6H), 7.36 (t, J = 7.9 Hz, 4H), 

7.72 (s, 2 1-l ): uc MR (125 Ml-lz, CDC! ,) o 62. 68 (q), 64.28 (t), 114.70 (d), 11 7.41 (s). 12 1.2 1 

(d), !29.52 (d), 132.36 (d). !32.55 (s). 155.20 (s), 158.54 (s) . 

Synthesis of 4-methoxy-3,5-bis(phenoxymethy!)phenol (16). To a elution of bromide IS 

(360 mg, 0.90 mmol) in THF (20 mLl was added r-bmyllithium (1.58 M, 1.7 mL) and the 

mixtw·c was tin·ed for 20 min at -78 °C. After the addition of trimethyl borate (600 IlL. 5.4 

mmol). the mixture was stirred for I h at - 78 °C and then at room temperature for 14 h. To the 

e lution was added a solution of NaOH (3 .6 g) and 30% hydrogen peroxide (9 mL) Ln water (30 

mL) and the mix ture was stirred for 8 h at room temperature. After the addition of water and aq. 

NH,CI, the mixture was extracted by chloroform. dried over MgSO,, and evaporated lo dryness. 
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The residue was chromatographed on si li ca gel (chloroform) to aHord phenol 16 ( 198 mg, 65 %) 

as colorless cry. Lal~. mp 107-110 °C; 'H MR (500 Mli z, CDC!,) 83.77 (s. 3H), 5.05 (s, 4H), 

5.50 (brs, 11-1). 6.90 (s, 21-1 ). 6.94-6.98 (m. 6H), 7.26-7.30 (m. 4 1-l ); 11C NMR (125 MHz. CDC! ,) 

8 62.8 1 (q). 64.78 (t). 114.79 (d) . 116.08 (d), 12 L.09 (d), 129.52 (d), l31.44 ( ). l49.5 (s). 

152. 18 (s) . 158.5 1 (s). Anal. Calcd fo r C21H2o04·0.25H,O: C. 73.99; H, 6.06. Found: C, 73.94: 

H. 6. 13. 

Synthesis of 2,6-bis(phenoxymethyl)-1 ,4-benzoquinone (13). To a so lution of 16 (17 mg, 

0.05 mmol) in benzene (5 mL) was added dropwise a ollllion r iorn(ll.l ) chloride (250 mg, 1.5 

mmol) and acetic acid (0.5 rnL) in acetOnitrile ( I 0 mL). After J 0 min. the solvent was removed 

and chro matographic separa tion Oll silica gel (benzene) afforded yellow olids, which were 

recrystal li zed from acetone/hexane to give 13 ( 14.6 mg. 92%) as yellow crystals. mp 140- 142 °C; 

' H 'MR (500 MH z. CDC1 3) 8 4.95 (s, 41-1), 6.96 (s . 211 ), 6.97 (d, J = 7.4 l-Iz, 4H), 7.0 I (t, J = 7.4 

liz, 2H), 7.32 (t.J= 7.4 Hz, 41-f): 11C NMR (125 MHz. CDC!, ) 863.11 (t ), 114.7 1 (d), 121.8 1 (d). 

129.7 1 (d). 132.09 (ell. 144.03 (s), 157.74 (s) , 186.29 (·), 186.86 (s); IR (KBr) 1657 em- '; UV 

(CI-ICl ,) A,."' 309.5 nm (£ 5.6 x 102
) . Anal. Calcd. fat· C,0H160,: C, 74.99; H, 5.03 . Found: C, 

74.72: H. 5.11. 

Synthesis of 37,40-[5-bromo-2-methoxy-1,3-phenylenebis(methylenoxy)]-5,11,17,23,29,35-

hexa-terl-hutyl-38,39,41,42-tetraethoxycalix[6]arene (18). To a . uspensioo of bridged 

caJix [61arcnc 8 (476 mg. 0.40 mmol) and ces ium carbonate ( 1.-7 g, 4.8 mmol ) in DMF (40 mL) 

was added iodoethane (200 I!L. 2.4 mruol ) and the reaction mixture was tirred at 70 oc for I d. 

Arter the addition of aq. NH4CI, tbe mixture was extracted with chloroform. dried over MgSO,. 

and the solvent was evaporated to dryness. The crude product was purified by recrystallization 

(chloroform/methanol) to give 18 (372 mg, 72%) a~ colorless crystals, mp >300 oc ; ' H NMR 

(500 MH z. CDC!,) 8 0.90 ( , _H). 0.98 ( • 36H), 1 24 (t, J = 6.9 Hz, 121-f), 1.45 (s. ISH), 3.21 (d. 

J = 14.3 Hz, 21-1 ). 3.39 (d. J = 15.0 l-Iz, 41-1), 3.64-3.74 (m, 8H). 4.15 (s, 41-f), 4.42 (d. J = 14.3 Hz. 

21-1), 4.49 (d. J = 15.0 Hz, 4H), 6.70 (d, J = 1.7 Hz, 41-1.), 7.08 (d, J = 1.7 Hz, 4H), 7.33 (s. 4J-I), 

7.38 (s, 2 1-:1); "C 1MR (125 MHz. CDC!,) 8 15.51 (q). 27.19 (l). 30.73 (t), 3 1.47 (q), 3 171 (q). 

34.00 (s). 34.24 ('), 60.31 (q), 68.45 (t), 68.66 (lJ , 114.28 (. ), 123.8 1 (d), 125. 17 (d), 128.1 1 (d). 

128.65 (d), 132.27 (S), 133. 19 (s), 133.67 (s), 134.76 (s), 1.44.60 (s), 145. 12 (s), 152.39 (s), 

152.76 (s). 155.83 (s). AnaL Calcd for Csll,117 Br0,·0.5H,O: C, 76.35; H, 8.34; Br, 6. 12. 

Found: C, 76.20; H, 8. 19; Br, 6.16. 

Synthesis of 4-methoxy-3,5-[5, ll, 17,23,29,35-hexa-tert-but.yl-38,39,41,42-tet•·aethoxycalix-



Ch(lpter 5 S\11!/u~siJ. Stmcrure.\', ami Redox PrvptHries ofQuimme·Bridged Cu!Lt/6jarenes 113 

(6Jarene-37,40-diyl)bis(oxymethylenc) jphenol (19). Compound 19 was prepared in 76% 

yield from bromide 10 (323 mg. 0.25 llUllOI) in a manner simi lar to that o[ 12. 19: colorle~s 

crystals. mp 248-252 "C; 'H NMR (500 MHz, CDCI,) 8 0.80 (;, 3H), 0.98 ( , 36H), 1.24 (t. J = 
7.0 Hz, 12 1-1 ), I 45 (s, 18H ), 3.23 (d, J = 1-+.0 1-1z, 21-1 ), 3.40 (d, J = 15.3 Hz. 4 1-1), 3.60 (dq, J = 9.4. 

7.0 Hz. 4H). 3.7 1 (dq. J = 9.4. 7.0 Hz, 41-l). 4.19 (s, 41-1). 4.43 (d, J = 14.0 Hz, 21-l ), 4.51 (d, .I= 

15." Hz, 41-1). 4. 8 (br, 1!-l), 6.68 (d . .I = 1.8 Hz, 4 H), 6.75 (s, 2H). 7. 12 (d, .I = 1.8 Hz. 41-l). 7.32 

(s, 4 1-1 ): ''c NMR ( 125 MHz. CDC! ,) 8 15.53 (q), 27.05 (t), 30.79 (t), 31.48 (q), 3 1.7 1 (q), 33.97 

(s), 34. 19 (s) . 60.04 (q), 6 .62 (t). 68.74 (t), 112.8 1 (d), 123 .77 (d). 125.21 (d). 12 .21 (d), 132.34 

(s), 132.92 (;,). \33.18 (s), 133.64 (sl. 144.53 ( ). 144.8 1 (s), 149.87 (s), 150.20 ( ), 152.34 (s), 

152.75 (s). Anal. Calcd for C~1H 11,.0.· H20: C, 79.64; H, 8.86. Found: C, 79.3 1: H, 8.62. 

Synthesis of 2,6-l 5,11,17 ,23,29 ,35-hexa-/erl- buty1-38,39,41,42-tetraethoxycalix[ 6]arene-37, 

40-diyl)bis(oxymethy1ene)]-1 ,4-benzoquinone ( 1 7). Compound 17 was prepru·ed in 85% yield 

from 19 (20 mg, 0.017 mmol) in a manner similar to that of 7. 17: pa le yellow crystals, tnp 

224 "C (dec): 'H NMR (500 Ml-lz. CDC!,) 8 0.98 (s. 36!-l). 1.32 (t, J = 6.9 Hz, 12!-1 ), 1.47 (s, 

ISH). 2.34 (s. 4!-1). 3.32 {d, J = 16.6 Hz, 2H). 3.39 (d. J = 14.8 Hz, 4 1-l), 3.79 (dq, J = 9.8, 6.9 Hz, 

41-1), 3.82 (dq, J = 9.8, 6.9 Hz, 4H). 4.34 (d, J =166 Hz. 2H). 4.47 (d. J = 14.8 Hz. 4!-1), 6.62 (s. 

2H), 6.87 (s. 4 1-l ). 6.96 (s, 41-1), 7.42 (s, 4H): "C iiR (125 MHz, CDC!,) 8 15.68 (q), 26.92 (t), 

29.6 1 (t), 31.37 (q), 31.76 (q). 34. 14 (s), 34.42 (s). 67.45 (l), 69.27 (t), 125.12 (d), 125.45 (d), 

126.80 (tl), 127.76 (d). \30.93 (sl. 133.92 (sl. 134.72 (s) , 144.78 ( ), 145.15 (s), 146.26 (.), 

153. 12 (s), 1 53.48(~). I. 3.16 ( ), 189.06 (. ). Anal . Calcd for C,H 10.,08-H10: C. 79.70; T-1 , 8.65. 

Found: C. 79.70: H, 8.42. 

Reduction of quinone 7. To a solution of freshly prepared quinone 7 (25.8 mg, 0.0 18 mmol) in 

THF (4 mL) wa added a so lution of boranefTHF ( I .0 M. 60 ~L) and the mLxture was stirred at 

room tempcraLure !'or 2 tl. After the addjtion of water, the mixtu re wa extracted with 

chloroform, cll"iecl over MgSO., and evaporated lo dryness. The re idue ' as pmified by 

preparative TLC (: ilica gel, chloroform/bexru1e, I: I) to afford hydroquinone 20 ( I 1.2 mg, 43%) 

as well a Laning material 7 (5.6 mg, 21 %). 20: colorle crystals, mp 242-246 °C; 'H NMR 

(500 MHL, CDCJ,) 8 0.99 (s, 361-1), 1.42 (s, I 81-1 ). 3.26 (d. J = 14.3 Hz, 2!-l), 3.37 (d. J = 15.3 Hz, 

4!-l), 3.48 (br, I H), 4. 14 (s, 41-l), 4.45 (d. J = 15.3 Hz. 4H), 4.54 (d, J = 14.3 Hz, 2H), 4.57 (d, J = 
11 .9 l-iz, 4 1-l ), 4.63 (d, J = I I .9Hz, 4H), 5.25 (s. I H). 6.34 (s, 2H), 6.75 (cl, J = 1.8 Hz, 4H), 7.05-

7.08 (m, 12 1-1 ), 7. 11 -7. 16 (m, 121-1), 7.29 ( ·, 4H); ''C NMR (500 MJ-Iz, CDC!,) 827.75 (t). 30.72 

(l), 3 1.4 I (q) , 31.64 (qJ, 34. 10 l ), 34.28 (. ). 70.7 1 (t). 74.77 (t). 1 J 1.87 (d), 123.94 (S), I 24. I 4(d). 
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125.28 (d), 127.04 (d) , 127.26 tel), 127. 5 (d). 12 .04 (d). 132. 10 (s). 133.08 ( 133.63 (•), 

137.94 (,;) . 145.26 (s). 146.06 (s). 146.27 (s), 146. 3 (;.), 152.03 ( ), 152.52 (s) Anal. Calcd for 

C, 02 H,,J0 8·1-I,Q: C. 82.44; H, 7.87. Found: C. 82.69: H, 7.79. 

Reaction of 7 with hydroxylamine. To a . olution of freshly prepared quinone 7 ( 15 mg. 0.0 1 

mmol) in pyricline-d, (0.6 mL) was added hydroxylamine hydrochloride (7.2 mg, 0.10 mmol ) and 

the mixture was heated at 60 ° ( for -1 h. Afte r the addition of aqueou'i methanol. the 

prec ipitate· were co llected to give a c rude product of oxime 25 . The precipitates were sepmated 

by preparative TLC (silica gel. chlorofo rrn/hexanc 2: I) to give nitrosopheno1 21 (9.3 mg, 68%) 

and hydroquinone 20 (3.9 mg, 26%). 21: pale green crystals. tnp 237-24 1 °C; I H NMR (500 

MHz. CDCI ,) 80.95 (s, 361-1), 1.46 (s, 181-1 ), 3.24 (d, J = 14.5 Hz. 2!-1 ), 3.39 (d, J = 15.4 Hz, 4 H), 

4.13 (br. 4H), 4.49 (d. J = 15.4 Hz, 4 1-l). 4.53 (d, J = 11 .5 Hz, 4 1-l). 4.54 (d . .I= 14.5 Hz. 2 H). 

4.58 (d.. J = 11.5 Hz. 4J-I). 6.44 (s. I H), 6.78 (d, J = 2. 1 Hz, 4 1-l ), 6.95-6.97 (m, l2H), 7.02 (d, 1 = 
2.1 Hz. 41-1). 7.02-7.06 (m. 8H). 7.34 (s. 41-1 ). Anal. Calcd for C 11, H 11, 0 8·H,O: C. 81.73; H, 

7.73: N, 0.93. Found: C. 81.56; 1-1 , 7.57: N, 1.1 5. 

Reaction of 7 with phenylhydrazine. To a solution of fres hl y prepared quinone 7 ( I 5 mg, 

0.0 I mmol) in benzene-d, (0.6 mL) was added phenylhydrazine ( I 0 ~L ) and acetic ac id ( I 0 ~) 

and the mixture was heated at 60 °C for 2 h. The mixture wa'> evaporated and Lhe residue was 

subjected to preparative TLC (si lica ge l, chloroform/hexane, 2: I) to give azophenol 22 (2.1 mg. 

12%) unci hytlroqttinone 20 (7.0 mg. 45%. 22: yellow olid ' : ' H NMR (500 MHz, CDCl,) 8 

1.00 (s, 36H). 1.44 (s, ISH), 3.26 (d, J = 14.7 Hz. 21-l), 3.35 (d, .I= 15 .4 Hz. 41-l), 4.21 (brs, 4H). 

4.49 (d, J = 15.4 Hz, 4H), 4.54 (d, J = 14.7 Hz. 21-1) . 4.57 (d. J = 12.2 Hz, 4H). 4.64 (d. J = 12.2 

Hz, 4H). 6.03 (s. LH), 6.77 (d, J = 1.8 Hz, 4H), 6.95-7.04 (m, 201-1), 7. 16 (d, J = l.8 Hz, 4J-I) , 7.31 

(s, 4H), 7.46 (t, J = 7.7 Hz, I H). 7.56 (r, J = 7.7 Hz. 2H). 7.62 (b rs. 2H), 7.9 1 (d, J = 7.7 Hz, 2J-I) 

Reaction of 7 with N,N-dimethylphenylenediamine. To a so lution of freshl y prepared 

quinone 7 (20 mg, 0.0 14 mmol) in THP (2 niL) was added a o1ution of N.N­

dimethylphenylcnediamine ( I x 10-' Min THF, 50 IlL, 5 mmol) and the mixture was ren.uxed for 

2 d. After removal of the so lvent, tbe residue was subjected to preparative TLC { ilica gel, 

chlorol'onn/hexane, 3: 1) to give hyd roquinone 20 ( l5.0 mg, 72%). 

Elech·ochemical measurements. A glassy carbon rod (outside diameter 3 mm, Tokai Carbon 

GC-20) was embedded in Pyrex gla:; ·, and a cro s-section was used as a work.i ng electrode. 

Cyc lic vo ltammetry was carried out in a tandard one-compartment cell under an argon 

atmosphere equipped with a platinum-wire counter elec trode and an Ag/Ag• reference electrode 
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( 10 mM AgCIO. in 0.1 M 11 -Bu.,NCIO.-MeC . Eo' (ferrocene/ferrocenjum in 0.1 M n­

Bu, NCIO,/CH,CI2) = 0.214 V vs. Ag/Ag') wi th a BA CV-50W vo ltammeLric ana lyzer. All 

nms were pet-rormecl in 0.5 m.M ~o lutions in dry dich loromelhane in the pre. ence of 0 .1 M n­

Bu. NCIO., under argon. 

X-ray crystallog•·aphic analysis of quinone 7. Sin gle crystab of 7 ·0.5C6 1-16 were grown in 

bcnze ne/aceLOnitri le. C105 H1"0 " M = 1505.06, monocl inic. 2/c. a = 47 .782(2) A, b = 

11.969( 1) , c = 30.850() ) A, fJ = 99.895( 1)0
, V = 173 1( 1) A', Z = 8, D""" = 1.150 gem·', 

rel"lcction co llected, 47445, unique, 1681 3 (R.,, = 0.050). The imen~ity data we re collcctccl at 

120 K on a J\IIAC Science Dl P-2030 imaging plate area detccLOr wi th MoK., radiation (.1 = 

0.7 1069 A). The reflection data were corrected for Lorentz and polmization factors, and for 

absorpt ion using tbe mu lt i-scan method. The non- hydrogen atom · were refined anisotropically. 

Hytlrogcn atoms were included but not relined. The final cycle of fu ll -matrix least- quares 

refinemen t on F was based on 11856 observed reflection, [I > 3.000\/)]. R = 0.068, Rw = 0.073 

for I 018 parameters. 

X-ray crystallographic analysis of hyd roquinone 20. Single cry ·tals of 20· 1.5MeOH-CHCI , 

were grown in chlorofonn!methanol. C 11,,H,,. CI,O.,, M = 1635.46, monoclin ic. C2/c, a = 

51. 11 5(3) . b = 20.274(1) A. c = 18132( 1) A, f3= 95.7 2(3 °, II= 18696(2) A', z = 8, D.,,,d = 

1.162 gem·'. reflection collected. 53963. unique, 16556 (R"'' = 0.047). The intensity data were 

co ll ected at 150 K on a MAC Science DIP-2030 imaging plate area detector with MoK" radiation 

(A= 0.7 1069 AJ. The refl ecti on data were correc ted fo r Lorentz and polruiza ti on factor: , and 

for absorption using the multi-scan met hod. The structures were solved by the direct method 

and refined by full-matri x least ~qua re. on F2 using SHELXL 97.1""'1 The non-hydrogen atOIJI> 

were refined anisotropicaLi y. Hydrogen aLOms were idealized by using the riding model. R 1 = 
0.097 (/ > 2.000\1)), 1vR2 = 0. 2455 (nil data). 



11 6 

References 
[ I] (a) P~dersen . C. J. J. Am. Chem. Soc. 1967, /i9, 2495. (b) Pedersen, C. J. J. Am. Chem. Soc. 

1967,89,701 7. 

[2] Gokel, G. Cr0\1'11 E1hers & Cryp1a11ds .in '·Monograph. in SupramoleClllru· Chemistry": 

Stoddart. J. F .. Ed.: Royal Socie ty of hemi~ try: Cambridge; 199 1. 

[ ] (a) Gutsche. . D. Calixarenes in ··Monographs in SupramoJecular Chemisuy": Stoddart , J. 

F .. Etl .: Royal Society of Chemistry: Cau1bridge: 1989. (b) Ca lixarenes: A Verscllife Class 

of Macrocycfic Comp01111ds: Vicens, J., Bohmer. Y., Eds.: Klu wcr Acade mic Publishers. 

Do1·drecht. 199 1. (c) Gutsc he, C. D. Calixarenes Revisited in ''Monographs in 

Supramolecular Chemisuy'' : Stoddart, J. P., Ed .; Royal Society of Chemistry: Cambridge; 

1998. 

[4] Dietlt!rich. F. Cyc!oplwnes in "MOnographs in Supramolecular Chemistry" : Stoddart, J. F. , 

Ed .: Royal Society of Chemistry: Cambridge: J 99 1. 

[5] (a) Cram, D. J.; Cram, J. M. Comainer Molec11 fes and Their Guests tn "Monographs in 

Supramolecular Chemistry": Stoddart, J. F., Ed.; Royal Society of Chemisuy : Cambridge: 

1994. 

[6] Lehn , J.-M. Supramolecular Chemislry; VCH, Weinbeim, 1995. 

[7] (a) Baeyer. A. Ber. 1872, 5, 25. (b) Baeyer. A. Ber. 1872, 5, 280. (c) Baeyer, A. Ber. 

1872. 5. 1094. 

[8] (a) Zillke. A.; Ziegler, E. Ber. 1941, B74, 1729 : (b) Zinke. A.: Ziegler, E . Ber. 1944, 77, 264. 

(c) Zinke , A.; Z igeLmer, G.: Hassinger, K. ; Hoffmann, G. Mona/Sh 1948, 79, 438. (d) 

Zinke, A.: Kretz, R.; Leggewie, E.; Hosstnger. K. Momllsh 1952, 83, 12 13. 

[9] (a) Iqba l. M.; Gutsche. C. D. Org. Synlh. 1989, 68, 234. (b) Gutsche, C. D. ; Dhawan. B. ; 

Leoni ·, M.; SLew<u·t, D . Org. Symh. 1989, 68, 238. (c) Munch, J. H. ; Gutsche, C. D. Org. 

Synlh. 1989. 68, 243. p-ren-Butylcalix[5]arene and p-lert-butylcalix[7]arene are also 

prepared from one- ·tcp reacLion mixture, but in low yield ·: (J) Stewmt, D. R.; Gu tsche, C. 

D. Urg. Prep. Proced. Int. 1993, 25, 137. (e) Iwamoto, K.; Araki , K.; Shtnkai. S. Bull. 

Chen1. Soc. Jpn . 1994, 67, 1499. (!) Yocanson, F .; Lammli ne, R.; LMteri, P. ; Longeray, 

R.; Gauvrit , .1 . Y. New J. Chem. 1995, 19, 825 . 

[1 0] Gutsche, C. D. ; Lin , L.-G. Te1rahedron 1986. 42, 1633. 

[ II] (a) Ni nagawa, A.: Cho, K.: Matsuda, H. Makromol. Chem. 1985. 186, l379. (b) Gomar, 

G.: Seiffunh. K. : Schulz, M.; Zimmermann, J.; Fltimig, G. Makromol. Chem. 1990, 191, 8 1. 



11 7 

[c) Gry nszpan, F.; Biali, S. E. J. Chem. Soc., Chem. Conll1lllll. 1996, 195. 

I.L] Corofort h, J. W.; D'Arcy Hart. P.; N icho ll . G. A.; Rces, R. J. W.; Stock, J. A. Br. J. 

Phamwco/. 1955, 10, 73. 

[ 131 Gutsche. C. D.; Dhawan, B.; Levine, J. A.: o. K. J-1 .: Bauer. L. J. Te1ro/wdron 1983, 39, 

409. 

[ 141 Kanam aLhareddy, S.: Gutschc. C. D. J. Am. Che111. Soc. 1993, I I 5. 6572. 

I 15) (a) Groenen, L. C.: van Loon. J.- D.; Verboom. W.; Harkema. S .: Casnati. A.: Ungaro. R.: 

Pochini . A.; Ugozzoli, F. : Reinhoudt, D. N. J. Am. Chem. Soc. 1991 , 113, 2385. (b) 

Iwamoto. K.; Araki. K.; Shinkai , S. J. Org. Che111. 1991,56.4955 . (c) Araki, K.; Iwamoto, 

K.; Shinkai, S.; M atsuda, T. Chen1. Left. 1989, 1747. (d) Guelzim, A.: Kilri fi, S .; Baen , 

F.: Loeber. C.: A>fari, Z.; Matt , D.; V icens, J. Acta Ci)•sto/logr. 1993, C49, 72. 

11 6] For example of R = COAr. see: Iqbal , M .. ; Mangiafico, T.; G ur.sche, C. D. Tetrahedron 

1987.43,49 17. R= alkyl: see ref 13 

[I Tl (a) Stewart, D. R.; Krawiec. M. : Kashyap. R . P.; Watson, W. H .; Gutsche, C. D. J. An1. 

Chem. Soc:. 1995, 11 7, 586. (b) Souley, B.: Asfari. Z.; Vicens. J. Pol. J. Chenz. 1993, 67. 

763. 

[1 8) (a) Otsuka . H.: Araki. K.; Shinkai , S. Che111. Express 1993, II, 479. (b) Otsuka. H.; Araki. 

K.: Sakak i, T.; Nakashima. K.; Shinkai, S. Tetrahedron Lett. 1993, 34, 7275. (c) an 

Duy nhoven , J. P. M .; Janssen. R. G.; Verboom, W.; Franke n. S.M.; CasnaLi, A.; Poch ini, 

A.; Ungaro, R.; de Me ndoza , J.; Nieto, P. M.; Prado , P .: Reinhoudt, D. N. J. Am. Chem. 

Sue. 1994. 1/6, 58 14. Conforma tional mobility of part ial ly aryl methylated compounds 

has also been reponed: (d) Kanamatbareddy. S.; Gutsche, C. D. J. Org. Chem. 1992, 57, 

3 160. (e) Jan sen, R. G.; Verboom. W.; Reinboudt, D. N. : Casnari. A.: F re1i k , M .; 

Pochi ni . A.; Ugozzo li, F.: Ungaro. R.: i to, P. M.; Carramolino, M. ; Cuevas, F.; Prados, 

P. : de Me ndoza, J. Synthesis 1993, 380. (f) eri, P .; Pappalardo, S. J. Org. Che11 1. 1993, 

58. 1048 . (g) Kanam atbareddy, S.; Gutsc he, C. D. J. Org. Cfl en1. 1994, 59, 387 1. 

[1 9) (a) Unga ro. R.; Pochio i, A.; Andreeui, G. D. J. lnc/Hsion Phenom. Mol. l?ecogn it. Cheuz. 

1984, 2, 199. (b) Arduini, A.; Pochi ni , A. : Reverberi . S.: Ungaro, R. Tetrahedron 1986. 

42, 2089. (c) Loeber, C.; Mall, D .: de Cian, A.; Fischer. J. J. Organometallic Chem. 1994, 

475. 297. (d) A l11ieri, C.; Dradi . E.; Pochini, A.; Ungmo. R. J. Chem. Soc., Chem. 

ConmiWI. 1983, 1075. 

[20] (u) Reinhoudt, D. N.; Dijstra . P. J .; in 't Veld, P. J. A.; Bugge, K. -E.; Harke ma, S.; Ungaro. 



118 

R.; Ugozzo li , F. ; Ghidini, E. !. Am. Chem. Soc. 1987, 109. 4761. (b) Bakker, W. I. 1. ; 

Haas. M.: Khoo-Beanie, C.; Osta~zew ki, R. ; Franken, S. M.; den Hertog Jr.. H. J.; 

Verboom. W.; de Zeeuw, D.; Hmkema. S.: ReinhoudL. D. N. J. Chem. Soc. Chem. !994, 

116. 123. 

[211 (a) Kubo. Y.: Hm11aguchi, S.-i.: Tokita. S. Chem. Express ·1993, 8, 459. (b) Kubo, Y.: 

Maruyama, S.: Ohhma, N.; Nakamura, M.: Tokita, S.!. C/lem. Soc., Chem. Commun. 1995. 

1727 

[22] (a) Arnecke. R.: Bohmer, V.: Ferguson, G.; Pappalardo. S . Tetrahedron Le11. 1996, 37, 

1497. (b) Kraft, D.: Arnecke, R.: Bohmer. V.: Yogt. W. Tetruhedron 1993, 49,6019. 

[231 Casnati. A.: Jacopozz i, P.; Pochini , A.; Ugozzoli, F.: acciapaglia, R. ; Mandolini. L.: 

Ungaro, R. Tetrahedron 1995. 51. 59 L. 

(241 (a) Geraci, C.: Piattelli , M.: Neri, P. Tetrahedron Lei/. 1995, 36, 5429. (b) Geraci. C.; 

Che " ari, G.; Piattel li. M. ; Neri, P.!. Chem. Soc .. Chem. Commun. 1997. 921. (c) Geraci, 

C.: Pianclll. M.: Neri, P. Terrahedron Lett. 1996. 37, 3899. (d) Geraci. C.; Piattelli, M.: 

Neri. P. Terrahedron Lell. 1996, 37. 7627. 

[251 (a) Otsuka. H.: Araki. K.: Sl1inkai, S. J. Org. Chem. 1994,59. 1542. (b) Otsuka, H.: Araki. 

K.: ShinJ..ai. S. Terrahedron 1995. 51. 757. 

[26] (a) Kraft. D.: Bohmer, V.: Yogi, W.; Ferguson. G.; Gallagher, J. F. J. Chenz. Soc., Perkin 

Tran s. I 1994, 1221. 

[27) (a) Ross. H.: LUning. U. Angew. Chem., f ill. Ed. Engl. 1995, 34, 2555 . (b) Ross, H.: 

LUning, U. Liebigs Ann. Che11z. 1996. 1367. (c\ Ross, H. ; LUning, U. Tetrahedron. Le/1. 

1996. 52 . 10879. (d) Ro s. l-1 .; LUning, U. Tetrahedron Lell. 1997,38,4539. (e) LUning. 

U.; Ro. ~. H. ; Thondorf, I. J. Chem. Soc., Perkin Trans. 2 1998, 13 13. 

[28] (a) Tokitoh. N.: Saiki, T.: Okazaki, R. J. Chem. Soc., Chem. Commun. 1995, 1899. (b) 

Saiki. T. ; Goto . K.; Tokiloh , N.; Goto. M. ; Okazaki , R. Tetrahedro11 Lell. 1996, 37, 4039. 

(c) Saiki, T.: Go to, K. ; Toki toh, N.; Okazaki, R. J. Org. Clwm. 1996. 61, 2924. (d) Saiki , 

T.; Goto, K.; Okazaki. R. Chem. Leu. 1996. 993. (e) Saiki, T.; Goto, K.: Okazaki , R. 

Angew. Chem .. , 1111. Ed. £ 11gl. 1997,36,2223 . (f) Saiki , T. Thesis for the Degree of Doctor 

of Science, The University of Tokyo, 1997. 

[29] (a) Araki, K.: Akao. K.: Otsuka, 1-1 .; Nakashima, K.; Jnokuchi, F.: Shinkai. S. Chem. Lett. 

1994, 1251. (b) Otsuka, H.; Araki. K. ; Matsumoto, 1-1.; Harada, T.; Shinkai, S.!. Org. 

Chem .. 1995, 60. 4862. 



119 

[30] (a) Cunsolo. F.; Piattelli. M.: Ncri, P. J. Chem. Soc., Chem. Com.mu11. 1994, 1917. (b) 

Cunsolo. F.; Consoli , G. M. L.; Piattelli , M. ; Neri , P. Tetrahedron Lett. 1996, 37,715. (c) 

lkeda, A.; Akao, K.; Harada, T.: Shi11kai. S. Tetrahedron Lett. 1996, 37, 1621. 

1311 Wieser, C.: Dieleman, C. B. ; Matt, D. Cood. Chen1. Rev. 1997, 165.93. 

[321 (a) Alvarez, .1 .; Wang, Y.: G6mez-Kaifer. M.: Kaifer. A. E. Ch.em. Cotmtlltll. 1998, 1455. 

(b) Wang. Y.: Alvarez. J. ; Kaifer. A. E. Chem. Commun. 1998. 1457. 

[33] (a) Goto, K.; A kine, S.; Hayashi , T.: Okazaki , R. Chem. Lei!. 1998, 29 1. (b) Akine, S.: 

Goto. K.: Okazaki. R. Chem. Lei!. 1999, 6 I. 

[341 (a) Newcomb, M.: Moore, . S .: Cram, D . J. J. Am. Chem. Soc. , 1977, 99, 6405. (b) 

Vogtle. F. Chem. Ber. 1969, /02 , 1784. 

[35 '1 (a) hen·od. S. A.; da Co. ta. R. L.; Barnes. R. A.; Boekelheide, Y. J. Am. Chern. Soc. 1974, 

96. 1565. (b) MUller, W. : Kipfer. P.: Lowe. D. A.; Urwyler, S. Helv. C!tim. Acta 1995. 78. 

2026. 

[361 Cao. D. ; Kolshorn , H.; Meier, 1-1 . Tetrahedra" Lei/. 1996,37.4487. 

[37] itiak. D. T .; Loper. J. T .; Ananthan. S.: Almerico, A.M.; Verhoef, V. L. ; Filppi, J. A. J. 

Med. C!tem. 1989, 32, 1636. 

[38] Tashiro. M.; Mataka. S. ; TakezakL Y.: Takashita, M.; Arimura, T.; Tsuge, A.; Yamato. T . ./. 

Ort(. Chem. 1989, 54,451. 

[391 Mohamadi , F.; Ri chards. . G. J .: Guida. W. C.: Li kamp. R.; Lipton, M. ; Caufield , C.; 

Chang, G.: Hendrickson, T. ; Still, W. C. J. Compul. Che111. 1990. 11 ,440. 

[40] A number of molecular cap ules based on hydrogen-bonded dimers of caJixarene 

derivatives have been repo11ed. For reviews, see: (a) Rebek. Jr.. J. Acta Chem. Scand. 

1996,50 , 707. (b) Rebek. Jr .. J. Chem. Soc. Rev. 1996, 255 . (c) Rebek , Jr. , J. Pure Appl. 

Chent. 1996. 68, 1261. (d) Andreu, C.; Beerli , R.; Branda. N.: Conn, M.; de Mendoza, J. ; 

Galan . A.: Hue, 1.: Kala. Y.: Tymo chenko, M.; Valdez, C.; Wintner, E.: Wyler, R. ; Rebek. 

Jr .. J. Pure Appl. Cltelll. 1993. 65, 23 13. 

[411 Ohno, A.: Tsur'>umi , A.; Yamazaki , N.; Okamura, M.; Mik;na, Y.; Fujii, M. Bull. Chem. Soc . 

.lpn. 1996. 69, 1679. 

[421 Moran, W. 1.; Schreiber. E. C.; Engel, E.; Behn, D.; Yamins , J. L. J. Am .. Chenz. Soc. 1952. 

74. 127. 

1431 Wiriak. D. T.; Kamal. P. L.: Allison, D. L. ; Liebowitz. S M. ; Glaser, R. : Holliday, J. E.; 

Moeschberger. M. L.; Schaller. J. P. J. Mecl. Chem. 1983. 26, 1679. 



120 

[44] G. M. Sheldrick, SHELXL 97. Program for c rystal structure reftnemen t. Universi ty of 

Gouingen 1.997. 

[45] A nmuber or water-soluble calixarencs have been reported, see: (a) Arduini. A.; Pochini , A: 

Revcrberi . S.: Ungaro, R. J. Chem. Soc., Chem. Commun. '1984, 981. (b) Gutsche. C. D.: 

Pag ria. P. F. J. Org. Chem. 1985, 50, 5795. ( ) Gutsche, C. D.: A lam. l. Tetrahedron 

1988, 44, 46 9. (d) Shinkai, S.; Mori. S.; Tsubak.i, T.: Svne. T.; Manabe, 0. Tetrahedron 

Lei/. 1984. 25. 53 15. (e) Shinkai. S.: Araki, K. ; Tsubaki. T.; Arimura, T.; Manabe, 0. J. 

Chem. Soc., Perkin Trans. 11987,2297. ( I) Gut sche, C. D.: am, K. C. J. Ant. Chent. Soc. 

1988, JJO. 6 153. 

[46] Arimori, S.; Nagasaki. T .: Shinkai. S. J. Chem. Soc., Perkin _Trans. I 1993, 887. 

[47] (a) binkai , S.; Mori. S.; Koreishi, H.; T ubak.i , T.; Manabe, 0. J. Am. Chem. Soc. 1996. 

108, -409. (b) Shinkai , S.; Kawabata, H .. Arimura. T.; Ma\suda, T.; Satoh. H.; Manabe. 0. 

J. Chem. Soc .. Perkin Trans. 1 1989 1073. (c) Shi11kai. S.; Arimura, T.; Araki, K.; 

Kawabata, H.; Sato, H.; Tsubaki , T.; Manabe, 0.: Sunamoto, J. J. Che11z. Soc., Perkin Trans. 

1 1989. 2039. 

[48] Met h-Colm 0. ; Taylor, D. L. Tetrahedron 1995, 51. 12869. 

[49] For examples. see: (a) Giannini, L.; Solari. E. ; Zanotti-Gerosa, A.; Floriani. C.; Chie · i-Yilla, 

A.: Ri zzoli. C. Angew. Chem., htt. Ed. Engl. 1996. 35, 85. (b) Giannini. L.; Caselli. A.: 

Solmi, E.; Floriani , C.; Chies i-Y illa, A.; Rizzoli. C.; Re, N.: Sgamellotti, A. J. Am. C!tem. 

Soc. 1997. /1 9,9 198. (c) Giannini, L.: Caselli , A.; Solari, E.; Floriani , C.; Chiesi-Yil la, A.: 

Rizzoli , C.; Re, .. : Sgamel lolti, A .}. Am. Chem. Soc. 1997. /19, 9709. (d) Ca ·selli , A.; 

Giannini , L. ; Solari , E.; Floriani , C. Organomewllics 1997. 16, 5457. 

[50] (a) Wieser. C.; Mall. D.: Toupet, L.; Bourgeoi . H.; Kiotzinger. J.-P. J. Chem. Soc., Dalton 

Trans. 1996,404 1. (b) Loeber, C.; Wieser. C.; M11tl, D.; de Cian, A.; Fischer, J .; Toupet, 

L. Bull. Sac. Chim. Fr. 1995, 132. 166. 

LSI] Harriman, A.; Hiss ler, M.: l ost, P.; WipfL G.; Ziessel, R. J. Am. Chent. Soc. 1999. 121, 14. 

[52] (a) Boll, S. G.; Coleman. A. W.; Atwood, J. L. J. Chem. Soc., Chem. Comnum. 1986, 610. 

(b) Andreui, G. D.; Ca lestani. G.; Ugozzo li. F.; Arduini, A. ; Ghidioi , E.: Pochini . A.; 

Ungaro. R. J. Incl. Phenom. 1987. 5, 123. 

[53 \ (a) Colamarino, P. ; Orioli , P. L.}. Chem. Soc., Dalto11 Trans. 1975, J 656. (b) Mil bum, G. 

H. W.: Truter, M. R. J. Chem. Soc. (A), 1966, 1609. (c) Martin , Jr. , D. S .; Jacobson, R. A.: 

Hunter, L, D.; Benson. J. E. lnorg. Chern. 1970, 9, 1276. 



121 

[54] Kauffman. G. B. Jn org. Synrh. 1963. 7, 249. 

[55] (a) Robbins, T. A.; Cnun, D. J. J. Am. Chem. Soc. 1993, 115, 12 199. (b) Robbins, T. A.: 

Knobler. C. B.: Bellew, D. R.; Cram. D. J. J. Am. Chem. Soc. 1994, 116, Ill. 

[561 (a) Brooksby, P. A.: Hunter. C. A: McQuillan, A. J.: Purvb. D. 1-1 .; Rowan , A. E.; Shannon, 

R. J.: Walsh. R. Angew. Chem., lnr. Ed. Engl. 1994.33.2489. (b) Hunter, C. A.; Shannon. 

R. J. Chem. Commun. 19%. 1361. 

[57] For examples . ~ee: (a) Morita, Y. ; Agawa, T. ; Kai. Y.; Kanebisa. N.; Kasai , N.; Nomura, E.; 

Taniguchi , 1-1 . Chem. Lelr. 1989. 1349. (b) Suga, K. ; Fujih<tra. M.; Morita. Y.: Agawa. T. J. 

Chem. Soc., Faruday Tran .~. 1991 , 87. 1575. (c) Mor.ita. Y.: Agawa, T .; omura, E.; 

Taniguch i. 1-1. J. Org. Chent. 1992. 57. 3658. (d) Casnati. A.: Comelli, E.; Fabbi. M.: 

Bocchi, V .; Mori , G; Ugozzoli, F.; Lanfredi , A.M. M.; Pochini. A.; Ungaro, R. Reel. Tm v. 

Chim. Pays-Bas 1993, 112, 384. 

[58] Sumerford, W .; Dalton, D. N.J. Am. Chem. Soc. 1944, 66. 1330. 

[59] Chamber , J. Q. The Chemistry of rhe Quincmoid CamfJ0/11/CI: Patai , S. ed.: John Wiley & 

Sons: London, I 97-\ , Chapter 14. 

[601 Finley, K. T. The Chemisuy ofrhe Quinonoid Compound; Patai. S. ed.: John Wiley & Sons: 

London. 1974, Chapter 17. 



122 

Acknowledgement 

The study pre;,ented in Lhb thesb IMs been carried out under the direction of Professors 

Takayuki Kawa ·hi rna and Renji Okazaki and under continuous help and as. i tance by rnany 

persons. The author expresses hi s s ince rest gratilucle to <tll of them, e pecially to : 

Prof. Takay uki Kawashim<l , The University of Tokyo, for hi s continuous guidance and 

V<lluable di>.cuss ions 1hroughout of 1he cour'e or 1hi work. 

Prof. Rcnji Okazaki , Japan Women's Univer ·i1y, t'or his usefu l discussions and kiod 

encouragement. 

Dr. Kci Goto, The Univer>ity of Tokyo, for hi constant guidance, useful suggestions 

which have inspired new ideas , and molecular mechanics calculations. 

Prof. Norihiro Tokitoh , Kyu. hu University, for his kind encouragement and helping Lhe 

author to learn X-ray cryswllographic ana lyse:. 

Dr. NaokaZLI Kana, The Uni versity of Tokyo, for hi Lheful suggestions and helping in 

many a pects. 

~'h. Toshiko Seki and M>. Kimiyo Saeki . The University of Tokyo, for performing the 

elemcnwl analyses. 

Prof. Hiro>hi Nishihara, Mr. Ma aki Murata, and Ms. Mami Yamada for measuring the 

eye I ic voltammograms and comments on electrochemistry. 

ProL Eiichi Nakamura and Prof. Masaya Sawarnura. The Uni versity of Tokyo, for use of 

the d ifTru tometer. 

Prof. Akiko Kobayashi , The University of Tokyo, for helping the author to learn X-ray 

crystallographic analyses. 

Dr. Philip Biihlmann , The University of Tokyo, for use of the apparatus t'or measuring 

the electric conductivity. 

Dr. Toshiyuki Saiki , Kyushu University. for valuable sugge tions and helpful advice on 

calixarene chemistry . 

Dr. Mao Minoura, Kitasato University , for useful sugge lions and helpful ass.istance in 

c rystallograph y. 

Dr. Kuniyuki . Ki~bikawa , Kyowa Hakko Kogyo Co .. Lid., and Dr. Mitsuhiro lto, 

Takeda Chemical lndusu-ies, for helpful assistance borh in research and life . 

Mr. Kenji Naganuma, Mr. Keiji Wakita. and Mr. Junji Kobayashi. The university of 

Tokyo, !"or thei r kind friendship and helpful discussions. 



123 

The author would like LO express his hearty gratiLUde LO hi s parents and is ter, Mr. lkuo 

Akine, Ms. Ya:, uko kine, and Ms. Naomi I> akiri for their fin ancial support and continuous 

encourage ment . 

Finall y. the author i ~ grate ful for many di scus ions and kind a istance to all members of 

Kawashima Luborator and Oka7-<J ki Laboratory. 

December 1999 

Shi gehi ·a Akine 



124 

List of .Publications 

( I) ''Di fferent Aggregating Properlie~ o r Two Confonnationally Frozen Isomers of a Water­

So luble Bridged CaJix\6 \are ne·· Akine. S .. Goto, K.: Kawashima. T.: Okazaki. R. Bull. 

Clwm. Soc. Jpn. 1999. 72. 278 1. 

(2) "Crystal Sln.tc t1.tres and Solvate Formation or Two Conformational ly Frozen Isomers of 

a Bridged Calix [6]arene·· Akine, S.: Goto. K.; Kawashima, T . J. Inclusion Phenom. 

Macrocycl. Che111. 2000. 36, 117. 

(3) ··synt hc>is. Structure. and Redox Properties o r a Qu inone-Bridged Calix [6]arene·· Akine, 

S.: GolO. K.: Kawashima, T . Terrahedron Lerr. in pres~. 





K
odak C

olor C
ontrol P

atches 
B

lue 
C

van 
G

reen 
Y

ellow
 

R
ed 

K
odak G

ray Sca'fe 

A
 

1 
2 

3 
4 

5 


