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Abstract - The chloromethyl t on of callx[4] 

tl 

arene 
calix[6]arene lb and calix 8 arene 

la and of the methyl ether8 of 
lc, using chloromethyl n-octyl ether and 

SnCl in chloroform at room temperature has been performed in good yreld for the 
firet time. The chloromethylated products 2a-c have been used es lntermedlates 
to introduce on calixarenes phosphonlc acid groups which render these macrocycles 
water soluble and potentially useful in Host Guest Chemistry. 

The functlonallzatlon of callxarenes (1) both at the phenollc oxygen and on the aromatIc 

nucleus have attracted our attention and that of several research groups because of the 

posslblllty of eaeily obtalnlng new host molecules for the complexatlon of ions and neutral 

molecules. 1 

/ R \ 

A particular type of functronalizatlon 1s that vhrch leads to water soluble 

CallXarelles, because It allows to study ln solution the lncluelon behavlour of these 

mecrocycles toward organrc neutral molecules which has been well documented in the solid 

state. 2 

We have first synthesieed a water soluble csllxerene’ by lntroduclng four carboxy 

methyl groups on the phenolic oxygene of p-t-butylcallx[4]arene , then Shlnkai4 and Guteche5 

have reported on the syntheses and complexlng propertles of different types of water 

soluble calixarenes. 

In view of this general Interest we have explored new synthetic procedures for the 

functlonallzation of calixarenes which eventually could allow the easy lntroductlon of 

ronrzsble functlonal groups. We report ln thrs paper the chloromethylatlon of calixarenes 

ttetramer, hexamer, octamer) and the synthesis of water soluble callxarene-p-phosphonares 

vra chloromethylated compounds. - 
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2178 M. ALMI et al 

Chloromethylation of calixarenes 

Cutsche and co workers 5-7 have extensrvely studred the problem of functionalizatron of 

calixarenes on the “upper rrm” which allows to Introduce useful functional groups at this 

position but nobody has attempted so far the chloromethylatron of these macrocycles, a 

reaction which 1s rather common in the chemretry of aromatic compounds and could lead to 

very useful intermediates. 

The starting materials, calix[n]arenes , were easily obtarned by de-butylation of 

p-t-butylcalix[n]arenes by known methoda.6’8 Calrx[4] arene (la, “4, B=HJ was used as such 

, which are very poorly soluble8 

(1 a-c) 

a n=4, R=ll 

b n=6: R=C113 

c n=R. R=CII 
3 

(2 a-c) 

In order to avoid the use of the dangerous chloronethyl-methyl ether a procedure 

introduced by Warshawsky’ for the chloromethylatron of styrene-divrnyl beneene polymers, 

was used. The yields of chloromethylated products 2 1s reported in the Table. 

The reaction conditions are very mrld and thin allows the obtainement of 

chloromethylated calir[4]arene 2a rn good yrelds, without protecting the phenolic OH 

groups. Longer reaction times or hrgher temperatures lower considerably the yreld of 

compound 2a. Thre compound exists mainly in the cone conformation in CDC13 at room 

temperature aa Inferred from the 1H NnB spectrum whrch shows two broad signals centered at 

3.54 and 6 4.17 PPm (ArCH2ArJ and from the sharp OH absorption at 6 10.1 ppm whrch 

indrcates intramolecular H bonding. 1 

Compound 2a is very reactive , expecially under basrc conditione, because it eaeily 

looses HCl to grve the correspondent p-qurnone methrde which eventually undergoes several 

traasformat~ons.7’10 

Analytically pure samples of 2a, obtarned by preparative HPLC on a Cl8 column, could 

not be chromatographed wlthout decomposrtron on silica gel or alumina and did not grve the 

correct mass spectrum under electron Impact or chemical ronization. 

However the high reactivity of this compound has been exploited for the synthesis of 

several new p-substituted calix[4]arenes,‘L through a procedure which can be considered 

complementary to the p-quinone methrde route to functronalieed calrxarenes, recently 

reported by Gutsche and co-workers. 7 

For example by treating compound 2a wrth LtA1H4 rn THF, p-methylcalix 4 arene 3 could Cl 
be isolated rn 80% yield, whereas the yreld of compound 3 was much lower with Gutsche’s 

procedure.7 
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+ 
Table. Yrelde of chloromethylated callxarenes 2 and callrarene-p-phosphonic acids 6 

Starting materials Yield of 2 

x 

Yield of 6 

x 

la l”3=4, R-II) 

lb (n-6, R-CH3) 

lc (n=8, B’CH3) 

64 (6aI 

75 (6bJ 

73 (6~) 

+ The yreld 1s based on the starting compounds la-c. 

The protected chloromethyl derlvatlves of call;:;- Pb and calrx[S]arene 2c are more 

stable and, as most ethers of these two macrocycles, ’ show only srnglets I” therr 1H NMB 

spectra lndxating a higher degree of conformatlonal q oblllty I” solution compared with 2a. 

Callxarene-p-phosphonates 

The reactlo” ot chloromethylated callxareoes 2 wrth trrethyl phosphate 1x1 the 

classical condltrons ot the Arbueov reactlou I3 followed by treatment ot the crude dlesters 

4 with strong acids or vlth bromotrlmethylsllane cBTMSJ14 gives the phosphonic dlacids 6 m 

good yields Isee Table). 
0 

/ ” ctt -P-oE1 
I 21 

ROH 

/-- 

\ ) 

BTMS or 

+ 

“P 

(5) 

(6) 

a. n=4; R=H 

b n=6; R=CH3 

c: n=E; R=CH 
3 
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Basic hydrolysis affords easily the monoacid monoesters 5. By titration vith the 

proper base the phosphonic acids 5 and 6 are transtormed in therr alkall metal salts whrch 

are soluble xn water up to about 10 -1 H concentration. The lli NNR spectra of the sodium 

salts of compounds 6 rn D20 shows broad sloglets for the brrdglng methylene groups 

(ARCHWAY) in the region of 6 3.9-4.2 ppm which indicate mobile structures for these 

compounds at room temperature. 

The results reported III this paper open new perspectives in calixarene 

functionalisation. In particular via the key chloromethyl intermediates 2 several - 

interesting new host macrocycles with extended hydrophobic cavities can be synthesized. II 

Moreover a new type of water soluble macrocycles of different sloes, bearrng 

phosphonx aced groups on the "upper rim" oi callxarenes and potentially useful In Host 

Guest Chemistry, have been syntheslaed. 

EXPBHIIIBNTAL 

Nass spectra were recorded on a Finnigan MAT 84095 spectrometer usrng DC1 technique 
(rsobrtaoeJ either positive (DCI+J or negatrve (DCI-J. 

H NMB spectra were recorded at 200 Hz (CXPZOO BrukerJ or at 100 Hz (AC100 BrukerJ in 
CDC13 vrth TNS as internal standard. Chemical shifts (6 J are expressed in ppm. IR spectra 
were recorded on a Perkrn Elmer Mod. 29N Instrument. HPLC analyses were pertormed on a 

lates Model 440 using a p-Bondapak Cl8 column and the conditions reported in 
Analytical TLC was carried out on precoated Nerck silica gel plates. Column 

chromatography was performed using silica gel 60 (Merck, 230-400 mesh ASTM). 
Elemental analyses were performed at the Istituto di Chimica Farmaceutrca ot the 

University of Parma. The chlorine content in compounds (2) waf7 established by argentometrrc 
titration atter combustion of the samples in an oxygen flask. 

The phosphorous content of ~8 mpounds (6) was established using known methods. 17,111 The 

nomenclature proposed by Gutsche for calrxarenes have been used. 
Chemicals. ACS grade reagents were used without turther,+purificatron. 

Chloromethyl-n-octyl ether was prepared according to literature methods. Methyl ethers yf 
calix[6]arene (IbJ and calix[S] arene (1~) were prepared according to Gutsche’s procedure. 

5,11,17,23-Tetrachloromethyl-25,26,27,28-tetrahydroxycalix[4]arene (2aI. To a solution 
of 1.0 P (2.4 mmolJ of calixr41arene (la) and 14.4 P (81 mmolJ of chloromethvl-n-octvl 
ether 1; 100 ml of CHCl 
in about 15 min. The %’ 

coo1’2 at -lO’C, 4.7 ml 140.3 mmolJ of SnC14 were added dropwise 
oolrng bath was removed and the reaction mixture stored at room 

temperature for additional 50 min, when all the starting compound (la) has reacted (TLC, 
hexane:ethyl acetate = 4:3). Water was then added slowly and the two phases separated. 

The organic layer was washed twice with distilled water, dried over 
evaporated to give a residue which was treated with n-hexane and filtered to give 
(00X) ot a compound which shows a good degree of purity on HPLC 1 95IJ. An analytically 
pure sample could be obtained by preparative HPLC in the same conditions. The compound 
decomposes before melting. 

IR IKBrJ 3200 (OH), 1300 and 710 cm-l ICH ~1); 
A$12+~;,~7W;,,4H, ArCH Ar), 4.40 IIH, s, AI-C ii 

'H NMR lCDC13) 6 3.54 (bs, 4H, 
Cl), 7.OY (8, SH, ArHJ, 10.12 (4H, S, 

. 

Ar-meta), 
31.6 tt ArCH ArJ 45.8 It, ArtH2C1,, 128.3 (6, Ar-*J, 129.5 id, 

131.4 ?s, Ar-para;, 14g2.9 ;s, ArOJ . Anal Calcd for C,2H2,,04C14: C, b2.12; H, 
4.56; Cl, 22.94. Found C, b2.60; H, 5.00; Cl, 22.J>. 

5,ll,17.23-Tetramethyl-25,26,27,2S-Tetrahydroxycalix~4~arene (3). 1.23 g 12 mmolJ of 
(2a) were dissolved in dry THF (100 ml) under a nitrogen atlio<phere, treated with 0.19 g (5 
mmol) ot LiAlH4 stirred at room temperature for 2 h. 
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After the sddltlon of ethyl acetate to destroy the excess ot LiAlH4, sad treatment 
with dllulte HCl, the reactlon mixture was extracted with Cl+ Cl , the eolvent evaporated 

&= and the solid residue submitted to column chromatography ( lllca gfll10CH2C12) to give 
compound (3) which showed the same spectral data reported zn literature. 

5,11,17,23-Tetrskrs~DihVdroxyphosphonoylJ~ethyl-Z5,Z6,Z7,ZS-Tetrshydroxycslix~4~srene 
(6aJ. In (1.6 mmolJ of (2s) wss refluxed for 6 h with 20 ml of PIOgtJ,. The?Fiethvl 
phosphzt; in excess was then distllled and the aolld reeldue dried under vs&um for (1 h. &J 
ml of 20% HCl were added and the resctlon mixture refluxed for 20 h, then moat of the 
solvent was evaporated and the preclpltate flltered , whashed wrth methsnol sad subsequently 
with CHCl, and drzed under vscuum to give 1.11 g ~LIUXJ ot a whrte solid: m.p. 36lJ’C. Anal 

““‘“,~~,“,p~J,n~~669f C, 4S.02; H, 4.55; P, 15.47. Found C, 4S.W; 8, 4.62; P, 15.00. 
suspended in water and potentlometrlcslly tltrsted with 0.05 N NsOH 

solutron until the first equrvalence point was observed and the pH reached the value of 7.5 
which resulted 1n the ssllflcstion of the first OH group of the phosphonlc acid (6aJ snd in 
the complete dlssolutron of the suspended solld. 

The solvent wsf then removed completely and the solrd residue dried under vacuum for 
24 h. m.p. 360°c, 
6.80 Ibs, 8H, ArHJ. 

H NMR (D20J 6 2.64 Id, SH, -CH2P, JHp = 11) Hz), 3.60 Ibs, 88, ArCH2ArJ, 

5,11,17,23,29,35-Hexschlorothyl-37,3t),39,4U,4l,4Z-Hex~ethoxycslix~6~srene (2bJ. Vrs 
the Drocedure descrrbed for I2aJ. 1.9 p; (2.64 molJ of hexsmethoxycallxr6fs?ene was treated 
with‘ 32 g (1110 mmolJ ot chlordmethyi-n-octyl ether and 8 ml-167.2-&olJ of SnC14 and 
reacted for 1 h. After crystallization from CHCl -MeOH 2.3 g 19UXJ offure compouq (2bJ 

was obtalned se vhite powder: m.p. 273-275OC, IR ($BrJ 1290 and 710 cm- (Cli Cl); H NMB 
(CDCl. 6 14.69 (lSH, 3. 6.76 (12H, , 
s, Ar HJ J; 

8, DCH, J, 3.93 and 3.96 (24H, two s, ArCHpAr and ArCH2C1 
C NNR (CDCl J 6 3d.l It ArCH ArJ 4>.9 It, ArCH.ClJ, 61.0 (q, UCH. I, 129.36 Id, 

Ar-mnJ , 133.4 (8, ArzorthoJ, 13413 IA&&J, 156.2 lArOJf DCI-MS(-) m/e l&J (M-, SbXJ, 
1010 1M+2, 100X), 1012 (H+4, 70%). Anal. Calcd. for C54H5406~16: c, 64.11; H, 5.3&l; cl, 
21.02. Found C, 64.35; H, 5.04; Cl, 20.55. 

5,11,17,23,29,35-HerskIs (Dihydrox~hos&onoyl methylJ-37,3S,39140,41,42- 
Hexsmethoxycalix[6]srene (6bJ. 1.0 g (1 mmolJ of3bJ ws8 refluxed for 5 h with 20 ml of 
P(OEtJ After the complete removal of the trlethyl phosphate in excess under vacuum, the 
solid r3e’sldue was treated under a nitrogen athmosphere with 5 ml of bromotrlmethylsrlane 
IBTMSJ and stlrred at room temperature for 5 h. Most of the BTHS was there removed under 
vacuum and vster was added slowly to the resctlon mrxture. The precipitate whrch forms 1s ’ 
filtered, whashed with water, methanol and CHC13 and finally dried under vacuum, to give 
1.06 g/83X) of a whrte solid: m.p. > 36O’C. Anal. Cslcd. for C54H66024P6: C, 50.47; H, 
5.18; P, 14.46. Pound: C, 50.20; H, 5.10; P, 14.10. 

The dry solld wss suspended in water and potentlometrically titrated with 0.05 N NsOH 
aolutron until the first equivalence point was observed and the pH reached the value of 
7.5. 

The solvent was hen removed completely end the solid resldue dried under vacuum for 
24 h. q .p. 35ooc; ! 

H NYR (~~0) 6 2.134 (12~, d, CHOP, ~~~ = 19.6 HZ), 3.15 (188, 8, 

ArOCH3J; 3.95 (12H, a, ArCH2ArJ, 6.98 (12H, 8, ArHJ. 

~,11.17,23,29,35,41,47-0ctschloromethyl-49,5U,5l,52,5~,54,55,56- Octsmethoxycslix[S] 
srene (2cJ. Vls the procedure described for (2sJ, 1.15 g (1.2 molJ of octsmethoxycalix[S] 
srene was treated with 17.0 g (95 nnnolJ of chloromethyl octyl ether and 4.5 ml (30 mmolJ of 
snc1 4 and stlrred for 1 h. Becrystalllzatlon of the crude profuct from scftonrtrile gave 
1.55 g (92%) ot (2cJ: hl.p. 230°C dec., IR (RBrJ 1295 and 710 cm- ICH ClJ; 
3.55 (24H, B, 0CH3J, 4.0 (16H, s, ArCH2ArJ; 4.3 (16H, ArCH2C1J, 6.9 t 

H NNR $C)Cl. J 
C& 

(CDC13J 6 30.3 (t, ArCH2ArJ, 46.3 (t, ArCH2C1J, 
s, 168, ArHJ; 

(Ar-orthoJ, 134.5 IAr--J, 15S.9 (ArOJ: 
61.1 [q, OCH.J, 129.6 td, Ar-meta), 133.3 

DCI-MS(-) m/e 1341r(H, 26%J, 1346(n+2, 70X), 
134811+4, 100X), 135O(M+6, 84%). Anal. Calcd. 
21.02. Found: C, 64.40; H, 5.15; Cl, 20.80. 

for C72~720g~lg: C, 64.11; 8, 5.38; Cl, 

5,11,17,23,29.35,41,47-Octskls (ethoxyhydroxyphosphonoylJmethyl- 
49,50,51,52,5~,54.55.56-0cts~ethoxycslix~S~sren~~5cJ. 
in 20 ml ok PIOgtJ, wss refluxed for 5 h. 

l.Og (0.7 mmolJ of compound (2cJ, 
The solld residue which was obtsmed after 

evaporation ot the tilethy phosphite under vacuum ~88 suspended ln 15 ml of NaUH 10% and 
refluxed for 5 h. The solution wss made acldlc with HCl and extracted with methylene 
chloride. 
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The combined organic extracts were washed with water and reduced to a w01~ma Of about 
10 ml. This CH2Cl2 solution was then poured with stirring , zn 100 ml of n-hexane which 
causes the preclpltation of a eolid caupoupd. Recrystalliratlon from CHCl 
g (72%) of a white powder: m.p. > 350%; 

-hexane gave 0.97 
H NMR (CDCl J 6 1.2 (248, t, 0 H2Q!,J, % 2.9 (168, 

= 20 Hz); 3.5 124H, 8, OCH J, 3.6-4.2 (32H , 
(8H, bs, OH). Anal Calcd. fbr C88H120032P8: 

m, ArCH2Ar + OCH CH J, 6.8 <16H, 
C, 54.55; H, L.28; P, 12.79. 

H, 6.35; P, 12.10. 
Titration of the monoacId (5aJ with 0.05 N NaOH solution up to pH 7.5 and aVap0 atLOn 

of the solvent gave the sodium salt of (5) which is water soluble. l4.p. ' J50°C, 
f 
H NnB 

(D OJ81.0 (24H, t, OCH,CH J, 2.8 IlbH, d, CH P, JHp = 20 HZ), 3.30 (24H, 8, 0CH3Jp 3.65 

Ilk bq, E,cH~J, 3.9 (1 H, a S, ArCH2ArJ, 6.4 116H, 8, ArHJ. 

5.11,17-,2;,29,35.41,47-Octakis IdlhydrophosphonoylJmethyl- 49,5U,51.52,53.541 
55,56-OctamethoxycalixCSlarene t6cJ. V1.a the procedure described for (bbJ compound (6~) 
was obtained from (2cJ XII 80% yreld. rnF> 350%. The monosodium salt prepared as described 

_ for ipbl is water soluble. 
H NMR ID OJ 62.9 IlbH, d, ArCH2P, JHp = 10 Hz), 3.5 124H, 8, OCH3Ji 4.0 (16H, 89 

ArCHprJ, 7.0 ?lbH, B, ArHJ. 
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