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Abdnct: A series of water-solnble calixarenes co 
% 

dialkyhho groups and 
cWb@ 810&&U hrm bS#t plrpcad &)’ ~p-qMhOtWM . tO* c@WClb-R. 

The fomnation of host-guest complcru bttwen these caiix~~enes wd nine amndc 
hydrocarh~~ runging h size from dume co &cacyciene has beer investigated, and a 
cordation between the dimensbns C# the hyirixarhns ad the “loww rim” of the 
caliaxame, contain@ the atray of OH grotqx, has ken made. A st& qf the #ect on 
the acid-catalyud wadon of N-be1uyl-I,4-dilrydronicodnandde by p_(carboxy- 
ethyl)calix/n]arenes (I) = 45,6,7,8) ku shown that the cali.x[6]arene is more flective 
thtMdthWitSbg~tUSWUZlhMologS. 
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(xixmmcs, which belong to the class of [In] cyclopllana that arc of intenst for their putative ability to folm 

compkxu. have been n&c aaxssiblc thnntgb tk buGinduaxl amtka~suioa dpm-tmtylphaml andfarmrldehydet. By 
the pmpa choice of reaction mlditiotls the cyclic tunmcr (I[q), cyclic harma (l[t@. lnd crch OcumQ (I[@ an be 

obtained2 in good yield and the cyclic hcptamm (l[q) in modest yield. The cyclic peapmr (1151) nmains a rare 

connnodity. isolable in yields of only a few percent by fractional crystallization of mixarns containing the other cyclic 

oligomcrs in larger amounts. All of thcp-m-butyl alixamm KC very high mltingampotmk that pcusca limited 

2dability in organic ldvano and b4ltully no solobility in water. It h&l baxl shown that tbe.sc compolllds effectively 

uulspat ~mulions.puticulrlyCs+,~~owrqudous~~udtbutbyintarawitharoinrnrines~ 

fam pmtot~~ch~gal ionic umplcxe#. lie first water sotik alixnme was pcprsd by Ungm aodco-wotkcrs~ by 

rffuinp~~ylgoupsomothe~cnolicoxy~uthe”bmrrim”ofthc~morersantly,Shinhird 

amuk& imve obminal aucr mluMe mlixmma by immducing rulfonic acid groupa in the ppocitions at the “uppa 

rim”. The present work adds to this list d water-soluble calixmmes and pmvida a mics of ampound~ cartying amino 

f&ctials UKl caIlJoxy1 !iuK%o& Rspaxivcly. 00 the “uppa rim”. 

Anrpnbaofgenrrlprasdrnufarlyn~crliuMu~~oatbe”upparim”hve~nparcd 

incltaiing the ckctrq~hilic s&utitutia~ route as rqneacntal by the pmpantiou dp-rulf~nc&. t&pCIaiscn 

reanganent route as rrpresmted by the preplntioa ofpallyW[4@ac7, Ird the mcattly iotmduced hiall&& b&p 
quinoacmethidc IDI@ which involves the acid-catalyzed treatmax of ulix[4]arenc(2[4]) with fcaxmltkhyde ud a 

secondary rminc to yield a Mumich base (3[4]). quataniration to give 4141. md Ferancnt with two quivakats of a 

nucloophils to effect a#aaamxt of the trialkylamino moiety by the nuckophik. For cxamplc, d&thy1 tie leads 
to the octa-aer 514~ which, afta hydrolysis and daaboxylation affads p-kxrboxyethyl)alix(4]anm (6(q) in good 

0venll~eldThtthismethodhuge~rpplicrtioaicshownintbcpcstntwortwhacinIhcMulpi~bscrudthe 

resulrrntp(cpbaxyethyl)crlixrrenaIle~fartheentireseritsfmncyclictetrpIwr to cyclic aamK. TheMannkh 
bases of choice for the larger cyclic oligomen arc those prq~~A from diallylaminc. txxruse these ~TC somtwhrt more 
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soluble than the cmesponding Mannich bases fmn ditnethyluninc and lead, as a nmlt to ame facile fumxionalintion of 

the p-positions of all of the tin s. It is the Hannich bases from diallylamine (3[4] - 3[13]) and the p- 

(carboxyetbyl)calixarew (6[41- 6@]) derived tha&vm that provide the ccmpounds fa the compkxation and catalysis 

6 5 

Numerous studies of the cotq&ation behavior of water soluble cycl&anea have been qortai by Tab&@. 

~~10, Kogatt, Wbidockt2, Diedaicht3, and othas, and the field has been aitiully review%i by Diedericht3. Of 

tbCSCVCdmtt!lodsthuhrvcbCC~Usodto- tbeutentofcunplexatioltthealethatpmved rmatrpproprimcforthe 

M Manni& bases and csboxylic s&is was the SQW-liquid extmction procedure &at has been well de.scriW by 

rxtdcricbf’. k this procAm? a 

oftimuxl~~~~~~~~ 



durene 

I 

I- __.___ 14.a.---- -I 
pyrene perylene coronsno decacydene 

Fig I. Smwxurcs and dimensions (in A) of tbz -tic hy- usa! in the complexation snxk with 

p.(~y~o~~yI~~ (3) andp2-catboxyahyl)calixazenes (6). arasmcd from CPK spsa: 

filling models. The thickness in all cases is co 3 A. except for dutzm for which it is ca 3.4 A 

Guest: Durenc NepMhalent Anthrt- Pbenan- Fl=- Pyrtnt Ptfyknt Corontnt Dta- 
ctnt tbrent cycltllt 

Host 

0 0 0 0 

0 0 0 0 

0 3.3 x 103 9.0 x lol 0 

0 3.7 x 103 9.1 x 103 0 

0 4.5 x Id 1.6 x l@ 1.9 x rd 

0 3.7 x 103 1.3 x ld 3.0 x 103 

3.9 x 103 3.0 x 103 8.3 x ld 8.9 x 103 

3.9 x 103 3.9 x ld 1.1 x 104 8.9 x l@ 

2.8 x ld 1.1 x ld 7.5 x ld 4.1 x ld 

2.8 x ld 6.1 x id 9.4 x ld 4.1 x 103 

0 

0 

2.0 x 103 

4.0 x 107 

4.0 x Id 

3.4 x ld 

3.0 x ld 

3.6 x ld 

1.5 x 104 

1.4 x 104 

0 

0 

<l@ 
Cl@ 

Cl@ 
cl@ 

9.0 x 103 

1.1 x lot 

3.6 x 10’ 

4.4 x 104 

0 0 

0 0 

<Id 0 

<lo2 0 

Cl@ 0 

cl@ 0 

LOX lo, 0 

9.0 x l@ 0 

1.0x ld 0 

8.4 x ld 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table l.A ssociakn catstents, %, forp-(diallylnminoatbyl~ (3) in 0.01 M HCI md 
p-(+&Jl&q&yl)$ixAre~ (6j iep.01 M pC@ with PuIlytic hydmWbo% in aquaX.s 

. ckanmmd by sobd-lqud extnchon 



4692 C. D. GIJTWXE and 1. ALAM 

does the patent w4@ne*5. The failute of duxne to form a complc.x with tbc calix[S~u perhaps can be ascribed to 

the alightly gleatcrdli~ of the gmxt molecule; if the cliptial opening of the ‘lomrrim” of a calix[S]mEnc is given a 
minor axis of 3.6 x the major axis is reduced to cu 5.6 bl. However, the same argument cannot be m& for the 

calix[quenes where. although the cavity CM be contourai to aaxpt dumnc. a complex is not observed. A diffama 

bctwato the alix[5Jarene and calix[qarwe ia notal with tqcct to pbanmthrcne, oaly the calix[6]aeoc faming a 

compkx.Asthc~attheclliurcoeincnroeru,~nudeightPormtic~~~therbilityoo6am~withthe 

kgcr hydmcat&m inaeues. Thus, both tbc cahx[7@x~ and caW8)anx inrcract with pytene and paykne sanewhu 

surpfelgly. howevex, ncitbcr of these larger aliunnu intcnuxs with axooale or dcacyclene. aMKYtlgh CPIC models 

indicaE!lhattkir”bwarim”umulicaltbcdlaorccdm~ lbtaekrgcmokctk 

In summary, the water soluble aminomethylali~~~~cs and carboxyethylcalixarcncs form mo&xatcly strong 

compkxawithrvmictyofPomrtichydn=bau ItiscvidulttbruthcrrLwrmc~lcmcnmfity~thegucst 

molecule and the “lower rim” of the ulixme~. but ckrrly much remains to be lcamcd about tbc t~tme of these 

intaxxioos. 

Chlyat Studlea 
Shinkd and coworker& have reported an elegant study of the influence of psulfotute 

calix[qaenc (7) on the ridaalyted hydratioa dN-bmql-1,4dih~oothu&e (I-* 9). 

a eon rqortcd some yun ago in the biochemical 1itcratunG. With the carboxy- 

~ylaliunaunowrvliLbleitirofintauttocomprrethccyclichuunaoithir~cswith 

its sulfonic acid analog ud lLc0 10 comp~e the VENOUS ~ydk ~ligomcn with rapect 80 their 

cffax on this tuctioa. 

7 

8 9 
‘IheproaocolutlblishedbyShirJuiforradying~pmrsswuusedinthepuentclse, 

6 

C02H and the course of the &on was followed by o&saving the chart@ in abimrptivity at 350 nm 

as 8 is consmncd. Plots of the specific rcwtion me amtant as a function of calixucnc 

I concenaation ue shown in Fig 2, and valo~~ for k1. kc, and I<I. obtained in the fuhioa 

dacribedt6m:showninT~le2.Topwidcrrrfaampointtherunemcrsmanentswere 

OH 

10 
cltllyst kl, IO-4 s-l kc, lo-4 S’ 1 KI, M-1 

%I 11 13 3800 
WI 17 31.9 880 

6I;l 4.4 6.9 5alo 
6Isl 4.6 6.6 3700 

10 0.2 
7 (accrcf 6) 46.2 131 564 

Table 2. Kinetic paramen forthecalvtionof8to9. 

made with p-lty~ylpqiatic acid (10). Inspaxion of Table 2 rhowr that p(azboxy&yl)ttfr[6)m~ is a bttrrr 

camlynthancithetksrmllaalaqummbarofthcsaiabutthatitis am&aablyinfcktoitslulfonicacidunlg 

7.Infrct.bre”crliurrnee&ct”isevmgeuerthvltbuedrP~~if~Pkatfie~~phtnduthe~ 
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Ealksmer,weencBt 

dgroupsnndwbcm be that of a pbcnoiic 

&ortingurdllaionicritcrmryba~obvious.U~,theculfoaicridgouptin7uarmrrfixbdinsplcethn~the 

cuboxyl~in(~chuttbe~offtelibleumr.Fla~ nKWrana~pmvtdnraIonlblr~nmt 

the catalysis is nn exfk-allx pmcess. and plots of the reaction rate vs 
1.” WI 

calixamne concentmtion. showing plxtaus chamctaistic of “saturation ?(I- 
kinetics” (see Fig 2 ) arc ammmtmmtc with this view. It is surprising~ 

ever, that the -5lrrtee. h am&s n avlty seemingly 

enough to accept 8. fnilx to be a bat 

alix[8]ucna, of artnq arc far mom c 

and may or may not exist in uvity-conmini4 conf ormukms. Even the 

calix[fi)amnes, though, nre rather flexible molecules, and funha insight 

into their mode of action in this reaction system must awnit the 

construction of mom rigid and conformationally-defined analogs. I 1 I 1 1 , I 
11~.,,1,, 

IauumI1110, 
Experimeatal~~ Fig 2. of 8 as ? 

DC-&rt 

Thcnmovalof~ from ~f~r-~~~ (1) was carried out with AlCl3 and 
toluene solution as pmviou 4dR3mi%[4]~~ t0 crtfiXm%WU (2[dj)7 p-Wbutylahx~[ 
calix[6]arene (21 )tg, 
(2lsl) w= PtP al& 

and p-ren-bntykalix[8)ucne to alix[t~arcne (2@9. Using this same pmadurc, ak@]acne 
m 69% yield and alix[ll]amne (2l7l) in 49% yield 

p-(NJV-DigNylmninomerhyl)cal~e~~ (3) 

p-(N,N-Diallyl8minomctbyl)crlix[Sl8rene (3151). Following the ptocedurc described by Gutsche nnd 

~(NH-D~IIylrminom~yl~l~x[6~e~ (3[6]) was pmpnrat from cxlix[6inn~te in the mxnncr describ& 
&OVC to field 57% of product as a colorless powder after recrystallization from @G/n-hexme: mp a 1OWC (cl&; tH 
NMR (CDCl3) 87.09 (I, 2, ArH), 5.88 (m, 2, CH=C), 5.17 (m, 4, CKH2). 4.3-3.5 (br t. 2. AtCH&% 3.44 (s. 2. 
ArCJkN), 3.04 (d. 4, NO: Anal. cxlcd. for C&h&GjQs C 78.10; H, 7.96. Found: C. 77.8% H, 7.69. 

the manner&scribed 
OfP’C(dcc): tHNMR 

3.06 (d, 4, NC&Q: Anal. c&d. for C~Htt~~: C, 78.10, H, 7.96, Found: C, 77.70 H, 7.80 
3.50 (5 2, AQ&N), 

p-(N~-D~~llyl~inon~~l~lix~~~r~ (3[g]) was pqmd fmtn c&x[8jarcae h the rrmt~~ &&bed 
above to 
NMR 

‘cid 57% of product as a colorless 
( t? DC13) 6 9.50 (br s. 1. OH). 7.08 

Jo 
(???g%; (m, s, CC&C!) 5 17 (m, 4 C=C&) 4 34 (br d 2 

takatkmfromCHQ&HyOH:mpalWC(dcc) *H 

ArCHzAr), 3.45 (s. 2. ArCH2N). 3.02 (d, 4, NCHS); And. cxlcd. for Cd~&N~Og: 7b.10; H, i.k, FOUI&'C: 

78.26; W, 8.04. 

p-(2.Carboxyethyl)clix[SJ~re~~ (6 $1). Following the proadun described by Gutsche uuf N&l” 0.5 g 
(0.46 mmol) of p.~~N~i~lyl~i~~~yl~ J rx(5larcne (3[5l) was dissolved in 30 mL of DMSO, tramd with 0.53 g 
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(3.7 mmol) of CH& and stirmd at mom tcmp for 2 h,to give a cku ~0111tkm. This was IRUXI with a shy of dicthyl 
sodiomalonatc. oreuarcd from 0.32 p (14 mmol) of Na in 20 mL of absolute EtGH and 2.7 K (16.2 tntnol) of diethvl 
mabnate.andst&datroomtcmpf&i5m.Thcmixturc 
cookdtoroomtcmparaae. 

w~mennfluxedat~1000Cfor16hinMrrgoclrtmosphe;c. 
aud pomrd Otto 200 t& Of dil Ha. EXtr&Xt with CHag fokrwcd by CVrpodm of the 

solvent gave tk dicstcr S[5] as a yellow oil that was used in the subsequent step without purification. It ww dis.uh~ in 

30 IIL of DMSO. 6 mL of cone HCI was &cd dropwise with stirring. and the teaction mixture was rtfluxed for 6 h at 

~l~Cin~~amaosp~.Thcractioamtxturawucodadpolmdinta150mLdH~,urddidonll5mLofHQ 
was added and the psecipitatc that formbd was collected by filtratiat to yield 0.32 g of crude product. RecrystaBix,ation 
from C.H OH affortkd a colorless solid: mp > 4OOn C: tH MMR @MSCk$$ 5 12.08 (br s. 1. CO$i). 8.765 (br S, 1. 
OH). 6.d (5 2. ArH), 3.765 (s. 2. ArCH*), 2.65 (t, 2. CHzC@), 2.45 (t. 2. ArCHzC): Anal. calcd. for C&t#15: 
C. 67.41; H, 5.66. Found: C. 67.45; H. 5.69. 

p-(2-C8rboxycthyl)utixI6]rrcac (6161) was prepared from 3[6] and obtained in 38% overall yield as a 
~~s~mrta)rl:rap~~C:‘HNMR(DMSO-Q)~12.08~~1.CO_L~.8.41~s,1.0H).6.84(s,2.~. 
3.73 (s. 2. AtCHzAr). 2.62 (1. 2. CH2C02), 2.42 (t, 2. ArCH2C); Anal. c&d. for C6oH&‘Glg: C. 67.41; H. 5.66. 
Found: C. 67.89; H, 5.76. 

p-(2-C8rboxyethyl)crlix[7]8rene (617) was prepared Born 317) and obtained in 55% overall yield after 
I’UXyStdhiOn ff~m CH30H: mp > 40@ C; lH NMR @MS&&$ b 12.10 (br s. 1. mH), 905 (br s. 1. OH), 6.85 (s, 
2, ArH). 3.77 (s, 2, ArCHw), 2.645 (t, 2, CH2CO2). 2.425 (t, 2, ArCH2C); Anal. alcd. for C7oH7&t: C. 67.41; H. 
5.66. Found: C, 66.96; H. 5.72. 

p-(2-C8rhoxyethyl)calix[8]areae (6[g]) was pmpared ftom 3[8] and obtained in 66% overall yield after 
rccrystalliution from CH3OH as a colorless material: mp >sooo C: 1H NMR @MsoQ) b 12.21 (br I, 1. CQ$T). 8.99 
(br s. 1. OH). 6.79 (s, 2, ArH). 3.775 (s, 2. ArCHzAr), 2.61 (t, 2. CH2CO2). 2.39 (t. 2. ArCH$Z); AnaL calcd. for 
‘&H~Ou C 67.41; H. 5.66. Found: C. 67.37, H. 6.20 
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