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Calix[4]arenes have become a popular template for a number 

ofchemicalinvestigations.1Symmetricalcalix[4]areneswithfouridentically substituted phenol rings can be 

prepared in one stepfrom the base-catalyzed condensation of 4 equiv of a phenol andof formaldehyde. The 

yields for this one-step synthesis can bemoderatetohigh,butonlyforphenolswithpara-substitutedtertiaryalkyl 

groups. Unsymmetrical calixarenes can be fashioned fromthese readily available materials by desymmetrization 

reactions.More convergent and more synthetically flexible routes to unsym-

metricalcalixareneshavebeendeveloped,andthetwomostimportant are the 3 + 1 strategy and the 2 + 2 strategy 

indicatedin Scheme 1. These routes are necessarily longer but are often theroute of choice for the construction of 

calixarenes designed forspecificapplications. 

Inthepastfewyears,wehavebeenexploringtheintramolecularreaction of Fischer carbene complexes with alkynes 

as a methodfor the preparation of macrocycles.2 On the basis of the success ofexperiments in simple systems, 

we envisioned a new approach tocalixarenes, which would involve the reaction of a bis-carbenecomplex of the 

type 1 with bis-propargyl benzene of the type 2(Scheme 2). If viable, this reaction would result in the assembly 

oftwoofthephenolringsofthecalixareneandthemacrocycleofthe calixarene in one step. We report here the first 

method for thesynthesis of calixarenes where one or more of the benzene 

ringsareformedconvergentwiththeannulus. 

Thesynthesesofthestaringmaterialsareconvergentinthesensethat the bis-propargyl benzene derivatives 2 are 

constructed andthen in turn utilized in the synthesis of the bis-carbene complex 1.Four different bis-propargyl 

benzenes were prepared from the bis-bromomethyl analogues 4. The latter are prepared in 2-4 steps in20-

62%overallyieldfromcommerciallyavailablestartingmateri-als; their preparation is presented in the Supporting 

Information.Afterinvestigatinga(large)numberofmethodsforthecouplingofalkyneswiththebis-

benzylbromides4,wefoundtwothatgavehighyields.Thepalladium-catalyzedcross-couplingof4withtris-

(trimethylsilylethynyl)indium3gave high yields of 5, but the extremeair and moisture sensitivity of indium 

trichloride together with thenecessity to do this transformation on a larger scale rendered 

thisprotocoloperationallyinconvenient.Themethodofchoicewasthecopper-

catalyzedcoupling4of4withthetrimethylsilylethynyl 
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Scheme1 

 

 
 

 

Scheme2 

 

 
 

Table1.SynthesisofBis-PropargylArenes 
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A 73 73 

c M
e 

OMe B 80 91 

d Ph OMe B 77 90 

 

 

 

Grignardthatgavehighyieldsof5and,afterdesilylation,high   

yieldsofthebis-propargylbenzenes2(Table1). 

The bis-propargyl benzenes 2 could be converted to the bis-carbene complex 1 in two steps, as outlined in Table 

2. Hydrozir-conation of 2 with 2 equiv of zirconacenechlorohydride followedbyaquenchwithNISgavethebis-

trans-vinyliodides6ingoodtoexcellentyields.Thesediiodidescouldbeconvertedintothe 

 

 

bis-carbene complexes 1 by treatment with tert-butyllithium togeneratethebis-

vinyllithiumandthensequentiallywithchromiumcarbonyl and trimethyloxoniumtetrafluoroborate to give the bis-

carbenecomplexesinmoderateyields.Thecomplexeswereisolated 
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asredoilsandnormallyweredirectlytakenontothebenzannulationwiththediynes2.Improvedoverallyieldsofthesecom

plexeswerenot realized by employing the intermediate bis-trans-bromoana-logueof6. 

 
 surprisingthatitissensitivetotheconcentra

tion.Theyielddrops 

to16%at0.025M.Itwassurprisingthatthe

yieldcouldnotbeimprovedwhenamixtur

eof1cand2cwasaddedviasyringepump 

R2 R4 6 %yield6 R1 R3 1 %yield1 tohot1,2-
dichloroethane.Giventheeffectsofsolventthatw

ehave 
Me
Me 

Ph 
n-C6H13 

6a

6b 
73 
77 

Me
Me 

Ph 
n-C6H13 

1a

1b 
47 
44 

seenonothermacrocyclizationsofcarbene
complexes,2itwas 
surprisingtofindlittlesolventeffectonthis

reaction.Theyields 
Me OMe 6c 86 Me OMe 1c 36 of3cinTHF,acetonitrile,benzene,and1,4-

dioxanewereallin 
Ph OMe 6d 78 Ph OMe 1d 32 therangeof26-

30%.Highertemperatureisoptimal:therea

ctionat83Cgivesa33%yieldof3cwithare

actiontimeof90min, 

Table2.SynthesisofBis-CarbeneComplex1 

 

 
 

Table3.TripleBenzannulationofComplex1andDiyne2a 

 

 
 

entry complex1 R1 R3 arene2 R2 R4 3 %yield3 

1 1a Me Ph 2a Me Ph 3a 35b 

2 1b Me n-

C6H13 

2b Me n-

C6H13 

3b 22 

3 1c Me OMe 2c Me OMe 3c 36 

4 1d Ph OMe 2d Ph OMe 3d 41 

5 1c Me OMe 2a Me Ph 3e 31c 

6 1d Ph OMe 2a Me Ph 3f 35d 

7 1c Me OMe 2b Me n-

C6H13 

3g 22e 

8 1b Me n-

C6H13 

2d Ph OMe 3h 35e 

9 1c Me OMe 2d Ph OMe 3i 40 
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aAll reactions were carried out in 1,2-dichloroethane at 100 C at 2.5mMin1with1.0equivofalkyne2for20-

40min.bIsolatedasaseparable1.7:1mixtureoftwoconformers.cIsolatedasanonseparable3.8:1mixtureoftwoconform

ers. 

dIsolatedasanonseparable3.3:1mixtureoftwoconformers.eIsolatedasanonseparable7.9:1mixtureoftwoconformers. 

 

Weweredelightedtofindthatthereactionofthecarbenecomplex 1c with diyne2c gave the unsymmetrical 

calixarene3cin 36% yield. While all but two of the yields in Table 3 are in the30-40% range, this is well above 

the yields normally seen for thecyclization event for either the 2 + 2 or 3 + 1 strategies.5 Since itis well known 

that the synthesis of phenols via the benzannulationreaction of Fischer carbene complexes and alkynes can be 

verysensitive to the reaction conditions,6an optimization regimen wasexplored for the reaction of bis-complex 

1c with diyne2c (entry3).Sincethismacrocyclizationlikelyinvolvestheintramolecular 

cyclizationoftheintermediatecarbenecomplex7,itisnot 

 

 

butthisfallsto25%yieldat50Cwithareactiontimeof2days.The benzannulation reaction of Fischer carbene 

complexes withalkynesprovidesforahighlyregiocontrolledsynthesisofunsym-

metricalcalix[4]arenesinaprocessthatconstructstwoofthebenzeneringsofthecalixarenesimultaneouslywiththemacr

ocy-clizationeventthatcreatesthe16-memberedringofthecalixarene. 

Furthermore,theoverallyieldsfromcommerciallyavailablematerialsoftheunsymmetricalcalixarenessogeneratedare

comparablewiththeoverallyieldsofexistingmethodsviaeitherthe2+2orthe3+1strategiesthathavebeenpreviously 

developed.5 

Supporting Information Available: Experimental procedures andspectral data for all new compounds, 1H 

NMR spectra for calixarenes3a-3i;X-raystructuraldatafor3a-I,3a-II,and3c(PDF);X-raycrystallographic data 

(CIF). This material is available free of chargeviatheInternetathttp://pubs.acs.org. 
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