
Communications J .  Org. Chem., Vol. 43, No. 25, 1978 4905 

(22) (a) E. Vedejs and J. P. Hagen, J. Am. Cbem. SOC., 97, 6878 (1975); (b) R. 
Schmid and H. Schmid, Helv. Cbem. Acta, 60, 1361 (1977): (c) E. Vedejs, 
M. J. Mullins. J. M. Renga, and S. P. Singer, Tetrabeoron Lett., 519 (1978): 
(d) E. Vedejs. M. J. Arco, and J. M. Renga. Tetrahedron Lett., 523 
(1978). 

(23) Obtained from the Aldrich Chemical Company. 
(24) By the method of R. 6. Woodward, I. J. Pachter, and M. L. Scheinbaum, J. 

Org. Chem.. 36, 1137 (1971). 
(25) Attempts to add organolithiums to the corresponding cyclooctanone de- 

rivative yielded only recovered starting material, presumably enolization 
being the sole course of the reaction. Similar results have been reported 
for the cyclononanone and cyclododecanone cases: see B. M. Trost and 
K.  Hiroi, J. Am. Cbem. SOC., 98, 4313 (1976). footnote 8. 

(26) Y. Ozari and J. Jagur-Grozdinski, J. Cbem. Soc., Cbem. Commun., 295 
(1974); prepared by the addition of pyrrolidine (6 equiv) to phorphorus ox- 
ychloride: commercially available from Tridom Chemical inc., Hauppauge, 
N.Y. 

(27) Obtention of this product strongly suggests a mechanism involving initial 
tu-ketodithiane cleavage. Such ring-opening reactions have been reported: 
(a) J. A. Marshall and H. Roebke, Tetrahedron Lett., 1555 (1970); (b) E. 
Cossement, R. Biname, and L. Ghosez, ibid., 977 (1974); (c) B. M. Trost 
and M. Preckel, J. Am. Cbem. SOC., 95, 7862 (1973); (d) B. M. Trost, M. 
Preckel, and L. M. Leichter, ibid., 97, 2224 (1975); (e) J. A. Marshall and 
D. E. Seitz, J. Org. Cbem., 39, 1814 (1974). 

(28) Raney nickel was prepared as described by R. Mozingo, "Organic Syn- 
theses", Collect. Vol. Ill, E. c .  Horning, Ed., Wiiey, New York, N.Y., 1955, 
pp 181-183. 

(29) Identity was based on comparison to spectral data previously reported: 
B. D. Mookherjee, R. W. Trenkle, and R .  Patel. J. Org. Chem., 36, 3266 

(30) (a) A. J. Mura, Jr., G. Majetich. P. A. Grieco, and T. Cohen, Tetrahedron Lett.. 
4437 (1975); (b) T. Matsumoto. H. Schirahama, A. Ichihara, H. Shin, and 
S. Kagawa, Bull.~Cbem. SOC. Jpn., 45, 1144(1972). 

(31) Huang-Minlon, J. Am. Cbem. SOC., 68, 2487 (1946). 

(1971). 

Stephen  R. Wilson,* R a j  N. Misra  
Contribution No. 3095 from the 

Department of Chemistry, Indiana University 
Bloomington, Indiana 47401 

Received June 30. 1978 

Calixarenes. 1. Analysis of the Product  Mixtures 
Produced  by the Base-Catalyzed Condensation of 
Formaldehyde with Para-Substi tuted Phenols 

Summary: The products obtained from the base-catalyzed 
condensation of formaldehyde with several para-substituted 
phenols have been shown to be mixtures of two or more com- 
ponents which appear to be cyclic oligomers with five or more 
aromatic units in the cyclic array. 

Sir: The recent publication1 of a method for the preparation 
of compounds thought to have structure 1A-E and the sub- 
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sequent appearance of these compounds on the commercial 
market2 prompts us to publish a preliminary account of our 
experiments with these materials to which we have given the 
name calixarenes. :j 

In 1944 Zinke and Ziegler4 obtained high melting solids 
from the reaction of para-substituted phenols and formal- 
dehyde, and they assigned a cyclic tetrameric structure (Le., 
1) to these compounds. This assignment has gained accep- 
tance as the result of X-ray crystallographic data by Cornforth 
et  al.5 (who obtained crystal lattice constants that are not 
incommensurate with a cyclic tetramer) and the stepwise 
synthesis of Hayes and Hunter,6 repeated and extended by 
Kammerer and co-workers.7 Data recently obtained in our 
laboratory, however, are difficult to reconcile with some of 
these earlier observations, and the structures of these com- 
pounds appear to be less well established than had been 
supposed. 

The synthesis of calixarenes by the "direct" method by 
Zinke and Ziegler4 involves treating para-substituted phenols 
in aqueous base with formaldehyde for 45 h a t  50-55 "C, 
acidifying the reaction mixture with dilute acid, separating 
an oil which solidified on heating a t  110-120 "C, and heating 
this solid in linseed oil a t  200-220 "C. Cornforth and co- 
workew5 used a similar procedure but substituted Dowtherm 
for linseed oil. A shorter method was worked out several years 
ago by J. H. Munch8 in which the phenol and paraformal- 
dehyde are dissolved in xylene and treated with a small 
amount of concentrated aqueous potassium hydroxide, and 
the mixture is refluxed for several hours to yield the product 
as an easily separable precipitate. The recently published 
method' represents only a slight modification of the Munch 
method, substituting tetralin for xylene and potassium tert- 
butoxide for potassium h y d r ~ x i d e . ~  However, a comparison 
of the products from these two methods has revealed some 
differences in yield, melting points, and IR spectra, and sol- 
vent extraction-partition procedures and TLC separations 
of trimethylsilyl derivatives have shown that the products 
from paraformaldehyde and p-cresol, p-tert- butylphenol, 
p-phenylphenol, or p-carbomethoxyphenol are mixtures of 
two or more compounds produced in somewhat different ra- 
tios by the two methods. 

The product from p-tert- butylphenol and formaldehyde 
prepared by the "direct" method proved to be amenable to 
purification by simple recrystallization and, therefore, was 
selected for the initial experiments aimed at gaining further 
insight into the calixarene structures. The crude product, mp 
361-372 "C, was twice recrystallized from chloroform to give 
colorless, fine needles: mp 400-401 "C; IR (KBr) 3230 cm-l; 
IR (CHC1:J 3200 cm-l; 'H NMR (MedSi, pyridine-ds) d 7.33 
(br, 2, ArH), 4.18 (br, 2, CH2), 1.28 (s, 9, C(CH:3):3); ':{C NMR 
(Me4Si, CDCld 6 21 (89?h, C(CH:&j), 24 (17.5Y0, C(CH:3):3), 26.5 
(30%, ArCH2Ar), 131.5 (92%, Ar), 141 ( lOO%,  Ar), 156 (25%, 
Ar), 162 (30%, Ar); osmometric molecular weight 1330 (CHCItj 
a t  37 "C), 1400 (pyridine a t  37 "C), 1225 (pyridine a t  65 "C) 
(calcd for octamer, 1296). The trimethylsilyl derivative was 
obtained as colorless needles from hexane-acetone: mp 
356-358 "C; IR (KBr) 1251 and 841 cm-l (CSi); 'H NMR 
(Me4Si, CC14) 6 6.86 (m, 2, ArH), 3.83 (br s, 2, CHz), 1.20 (s, 9, 
C(CH:Jrj), -0.02 (s, 3, Si(CH:&j); 1:3C NMR (Me4Si, CDCl:)) 
6 0.8 (63%, Si(CH:3):3), 30.3 (loo%, C(CH:l):j), -31 (very weak, 
C(CH:3):i), 32.8 (15%, CH?), 124.4 (28%, Ar), 128.8 (43%, Ar), 
141.7 (19%, Ar), 148.2 (lo%, Ar); mass spectrum (EI, 90 eV) 
m/e 1872 (100%, octamer), 936 (13%, tetramer). 

From the mother liquors of the crystallization of the higher 
melting calixarene from tert -butylphenol a lower melting 
fraction was obtained. A sample of this material was converted 
to the trimethylsilyl derivative, purified by TLC, and hy- 
drolyzed to yield a compound with mp 367-369 "C: IR (KBr) 
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3400 (shoulder), 3150 cm-I; l H  NMR (Me4Si, CD2C12) b 10.2 

C(CH,),); 13C NMR (Me4Si, CDC1:J b 31.4 (loo%, C(CH3)3), 
33.1 (25%, C(CH&J, 34.0 (17%, ArCH2Ar), 126.1 (6496, Ar), 
126.9 (4oY0, Ar), 1442 (Is%, Ar), 147.2 (15Y0, Ar); mass spec- 
trum (FD) mle 972 (lnexamer). The trimethylsilyl derivative 
was obtained as colo.rless crystals from methylene chloride- 
methanol: mp 235-240 "C; IR (KBr) 1251 and 841 cm-l (CSi); 
lH NMR (Me&, CD2C12) 6 7.2-6.7 (m, 10, ArH), 4.7-3.3 (m, 

C(CH,)3), 0.36 (s, 36, 80% of Si(CH&), -0.80 (s, 9, 20% of 
Si(CH&; osmometric molecular weight (CHC1:j a t  37 "C) 1187 
(calcd for pentamer, 1170). 

The data for both the higher and lower melting compounds 
are entirely compatible with cyclic oligomeric structures. 
Linear oligomers from p-tert-butylphenol and formaldehyde 
have been prepared,l' and all have considerably lower melting 
points (generally below 250 "C) and considerably more com- 
plex l3C NMR spectra than the compounds described above. 
The appearance of only four resonances for the aromatic 
carbon atoms in the 'T NMR spectrum of these compounds 
provides strong support for a symmetrical structure, for which 
cyclic oligomers are the most obvious candidates. That neither 
of these compounds is the cyclic tetramer, however, is indi- 
cated by the melting points of 400 and 367 "C, both of which 
are much higher than the 329 "C reported for the cyclic tet- 
ramer prepared by Kammerer and Happel12 using the step- 
wise synthesis of Hayes and Hunter.6 

In similar fashion 1;he crude product from the condensation 
of p-cresol and paraformaldehyde was shown to contain 60% 
of a compound with mp 383-386 "C and 30% of a compound 
that decomposes a t  -430 "C, which are indicated by mass 
spectral and osmometric molecular weight determinations to 
be the cyclic heptamer and cyclic octamer, respectively. That 
neither is the cyclic tetramer is indicated, as in the previous 
case, by their melting points, which are much higher than the 
320 "C reported for the cyclic tetramer prepared by a stepwise 

(s, 1, ArOH), 7.10 (si, 2, ArH), 3.88 (s, 2, CH2), 1.25 (s, 9, 

10, CHz), 1.40 (s, 9, 20% of C(CH3)3), 1.25 (s, 36, 80% of 

synthesis.6.7.1:' 
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