
Ttezhedron Letters, Vol. 355. No. 11, pp 1685-1688.1994 
El6cviu scii Ltd 

RhtdinoautBximin 
oo40-4039/94 56.cKko.00 

OCMO-4O39(94)E0115-E 

Synthesis and ~on~~rational Analysis of Phmphorus Bridged Cavitands 

‘l”mo Lippmaaqa Enrko Dakanak,fb and Gerbard Mmurtl 

a Fachbweidt Chemic, Univrtitiit Leipzig, T&r, 35, D-04 103, Gcrmnny 

b Diprtimcnto di Cttiiicn Organica d lndustrialr, Univenita di Parmrr, 

Vinic: &lie Sckn~., 1-43 tO0, Italy 

Abstract: A novel fatnily of diasteceomeric cavitandr, obtained by incorporation of four phosphate groups 

on a rcsorcinol derived calix[rl]arene has been studied. 

Cavitands are synthetic organic compounds with enforotd concave surfaces of molecular dimensions.2 

‘Ilteir ability to act as receptor for neutral and charged species has already been proved in the solid state, in 

solutioq3*4 and in the gas phasea Cavitands bearing rigidly preorganizcd P-0 groups attracted our 

~tteiltjon as probes to study the influence of mu~iple hydrogen bonding patterns on ruolccular recognition 

phenomena. This paper reports synthesis, configurational analysis and preliminary complexation prqe&es 

of phosphorus(V) bridged c&tan& &rived frotn reaorcinol cyclic tctramers. 

Reaction of all-cis-tetramethylcalix[4]arenoc~ol I with p-mcthylphenyldichloro phosphate in dry acetone, 

using triethylamine as base, gave a mixture of six diastcre&omers 29-f 6 in 80% isolated yield as shown 

by HPLC analysis (Table I). 
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2a: iiii 2d: ioio 
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2c: Ii00 21: 0000 



In the reaction four dioxaphosphacin rings with four stanogenic centers at the phosphorus(V)at wen 

formed by bridging the eight phenolic functions present in formula 1. 

Table 1. TLC and HPL.C analysis of diastem&omers 2a-f 

Isomer 
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iii0 

ii00 

ioio 

iooo 

oooo 

R&i0 

WI 

xl 

17 

18 

18 

38 

8 

HPl.C Merck Si-60 

cHcl3/n_hexane a/4 

tR ltrdn3 

4.18 

8.31 

8.31 

5.84 

13.99 

29.48 

TIC silica 

cH2cl+cetone 40/l 

Rf 

0.41 

0.52 

0.65 

0.32 

0.23 

The reaction leads to all the six possible diastem&omem havhtg dif%ant orientations of the P=O groups 

either outwards (0) or inwards (i) with mqrect to the cavity. In a nlated system with phosphorus (RI) 

derivatives Pud&phatt et al. qxnted the selective formation of a sh$e isomer with the lone pairs dhected 

hkwatxk and the phenyl groups outwa&~.~ In our ease the aryloxy groups can easily acC4Jmodate 

themselves in the hlward plaitions because they can orient themdvcs upwards with respect to the cavity. 

The identification of the diffemnt isomers was done after pmparative chromatographic isolation of five of 

them by 3 IP-NMR and lH-NMR spedroscagy (Table 2).8 

The NMR signal pattems reflect the qmmetry of the different isomers and the orientation of the 

substituents OR at the stemogenic centem. As -ted by Cram et al. hydrogens dhected inwards 

with respect to the cavity show a strong high-field shift9 C!onGgumtion of all iscmmrs was deduced ftom 

the number of signals and the lH-NMR shift for Hb and w which present sign&ant differences when the 

substituents OR are dimeted inwards or outwards with respect to the cavity. The assignment is also in 

accordance with the chtomatographic behaviour of the different diastereoisomem since the ctooo isomer 

has on silica the highest retention time due to the presence of four P-0 groups able to give rise to a strong 

interaction with the hydroxy groups of the stationary phase. 

31P-NMR titration of cavitands 2b,c,d in CDCl3 solution with cyclohexylammonium chloride lo by 

means of computer-assisted non-linear least-squares fitting procedure l1 leads to the K, value of 

1370 dm3mol’1 for the 1:l complex between 2b and the guest. Upon addition of the guest the 31P 

msonances belonging to the thme P=O poindng inward (-18.56 and -18.72 ppm. Table 2) were shifted 

downfield more extensively than that of the P-0 pointing outward (-25.75 ppm), thus confirming the 
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cunfigurational attribution given above. In the other two caws either camplexati~ was absent (2d) or very 

small(2c).Thethree pnsphcd PO groups pointing toward the cavity in cornpo~ 2b have the right 

geometry for a three-point hydrogen bonding interaction with alkylammonium&ms.12 Changing this 

geometry drastically reduces or even eliminates the binding ability of the host 

Table 2. !S&cted 3 lP 3 and lH NMR& data for compounds 2b-f 

isomer (symmetry) 3lP lHb,c cm) lHb,c (out) 

2b iiio (Cs) 

2e ii00 (cs) 

2d ioio (C2v) 

2e iooo (Cs) 

21 oooo C4v) 

-18.56 (2P) 

-18.72 (1P) 

-25.75 (1P) 

6.57 (s, 2H) 

6.88 (s, w) 

- 17.57 (2P) 

-25.77 (2P) 

6.50 (st 2H) 

6.56 (a 1H) 

6.% (s, 1H) 

-17.79 (2P) 

-25.87 (2P) 

6.57 (s, 4H) 

-16.39 (1P) 

-25.45 (2P) 

-26.02 (1P) 

6.61 (s, 2H) 

6.66 (s, 2H) 

-25.62 (4P) 6.62 (s, 4H) 

6.86 (d, 2H) 

6.97 (d, 2H) 

6.66 (4 4H) 

6.70 (d, 4H) 

6.75 (d, 4H) 

6.81 (d. 4H) 

5.95 (d, 2H) 

6.17 (d, 2H) 

6.81 (d, 4H) 

6.89 (d, 4H) 

6.41 (d, 8H) 

6.66 (d, 8H) 

7.13 (d, 4H) 

7.16 (d, 4H) 

7.17 (d, 2H) 

7.23 (d, 2H) 

7.15 (d, 4H) 

7.18 (d, 4H) 

7.11 (s, 8HJ 

7.19 (d, 2I-I) 

7.21 (d, 2H) 

9 200 MHz in CDCl3 at 25’C, external standard H3PO4 (85%). 

Bt400MHzinCDC13at 25°C. 

This novel family of diastereoiso merit w&an& is well suited for the evaluation of multiple point 

hydrogen bonding interactions in molecular recognition phenomena. The influence of different R 

sutstituents on the relative ratio of diffenznt diastereoisomers and on their complexation pruperties is under 

study. 
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