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New symmetric and mixed macrocycles containing bicyclophosphorane moieties 3, 4, 5, 6, 9 and 1u 
have been obtained by a Todd reaction between the precursors I ,  2, and diethyleneglycol DEG, 
triethyleneglycol Tri.EG and tetraethyleneglycol Tet.EG. The reaction of the precursor 11 with trieth- 
anolamine Tri.EA afforded the first cryptand bearing pentacoordinated phosphorus atoms 12. 

Key words: Polyethyleneglycols, pentacovalent phosphorus macrocycles. 

INTRODUCTION 

Recently we have described the synthesis of the first macrocycles containing 2 (I), 
3 (11) and 4 (111) bicyclophosphorane moieties. All these compounds are synthe- 
sized from the corresponding 1,5-pentanediols according to the following two steps 
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synthetic scheme involving (i) the preparation of the precursor 
bis(hydridobicyclophosphorane)BHB(X) (reaction A) (ii) the Todd reaction of this 

latter with the binucleophile D(Y) (reaction B). This last reaction has led to a 
mixture of several new Pv compounds from which the macrocycles I, I1 and 111 
have been chromatographically separated.2-6 

In order to extend the potential complexing properties of such macrocycles, we 
have attempted to prepare similar compounds derived from triethyleneglycol HO- 
(CH20)2-CH20H, Tri.EG and tetraetyleneglycol HO-(CH20)3-CH20H, Tet.EG, 
on one hand and a cryptand like compound issued from triethanolamine N(CH,- 
CH,0H)3, Tri.EA, on the other hand. 

RESULTS 

Starting from the precursors 1 and 2 obtained according to reaction (A) we have 
carried out two symmetric (1 + Tri.EG; 2 + Tet.EG) and two non-symmetric (2 
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+ DEG; 2 + Tri.EG) Todd reactions. As it was always observed in the previous 
reactions,2-6 the reaction mixtures contained several new phosphoranes. The chro- 
matographic separations4 allowed the isolation of compounds 3- 10 which have 
been fully characterized by NMR and mass spectroscopy. 

3 S3’P= - 45.2 

7 631P = - 45.4 

The formation of the acyclic compound 7 as well as that of the tricyclic mono- 
phosphoranes 3,5 and 8 derived from the starting diol D(X) and from the incoming 
binucleophile D(Y) (non-symmetric condensations) strongly support the synthetic 
pathway we have previously p r ~ p o s e d . ~  The non eluted compounds could be non- 
cyclic compounds similar to 7 and/or higher macrocycles. 

The condensation of the precursor tris(hydridobicyc1ophosphorane)THB (Tri.EA) 
11 derived from triethanolamine with the same trinucleophile has led to a reaction 
mixture which also contained several new phosphoranes. With the chromatographic 
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9 631P=-44.9 

10 831P = - 45.0 3 831P = - 45.2 5 831P = - 45.2 

experimental conditions used till now, we have been unable to separate any com- 
pound. An appropriate treatment of the reaction mixture afforded the precipitation 
of a white solid which was identified as the bicyclic macrocycle 12 by means of 
NMR and mass spectroscopy. To the best of our knowledge 12 is the first cryptand 
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containing pentacoordinated phosphorus atoms. All attempts to isolate other com- 
pounds were unsuccessful. 

EXPERIMENTAL 

1. Synthesis 

The precursors BHB (Tri.EG), BHB (Tet.EG) and THB (Tri.EA) have been obtained by the routine 
procedure7 i.e. the oxidative addition of the corresponding polyol on the bicyclophosphane BCP.8 The 
removal of the solvent afforded an oily compound whose purity was checked by NMR. They were used 
as neat products. 

The Todd reactions have been carried out following the previously described procedure.2 The chro- 
matographic separations of the reaction mixtures have been performed using silica gel or alumina as 
support and a mixture of solvents as eluent. The 'H and 13C NMR parameters of compounds 1-12 are 
in perfect agreement with the proposed structures. They will not be described. 

1.1 BHB (Tri.EG) 1 

The reaction was carried out with 0.618 g (4.12 mmole) of Tri.EG, 0.779 g (4.12 mmole) of BCP in 
15 mL of CH,CN. Elemental analysis for CZ2H,N2O,P, calc.% C 49.99, H 8.77, N 5.30. found% C 
49.6, H 8.8, N 5.4. 

1.2 BHB (Tet.EG) 2 

The reaction was performed with 0.766 g (3.95 mmole) of Tet.EG and 0.747 g (3.95 mmole) of BCP 
in 15 mL of CH,CN. Elemental analysis for C24H,,IN20YP2 calc.% C 50.34, H 8.80, N 4.89. found% 
C 50.4, H 9.0, N 4.9. 

1.3 THB (Tri.EA) 11 

The reaction was carried out with 0.231 g (1.55 mmole) of Tri.EA, 0.882 g (4.66 mmole) of BCP in 
10 mL of CH3CN 

1.4 Condensation BHB (Tri.EG) + Tri.EG 

Amounts of reagents: BHB (Tri.EG): 1.397 g (2.6 mmole), Tri.EG: 0.397 g (2.6 mmole), CCI,: 0.814 
g (5.3 mmole), Et,N: 1.069 g (10.6 mmole) CH3CN: 20 mL 3 days at room temperature. 3tP NMR of 
the final reaction mixture: S = -44.8 (20%). -45.2 (2%). -45.4 (27%), -45.5 (48%). Chromatog- 
raphy on alumina with toulene as eluent. Only two compounds have been separated: 
-Tricyclic monophosphorane 3. White solid 6 "P = -45. Mass spectroscopy (DCIINH,) miz' : 338 
(M, + I ) '  100%; 355 (M, + 18)' 1.15%. 
-Macrocycle 4.6 "P = -45.2. Pale yellow solid. Mass spectroscopy (FABlmNBA) m/z+:  675 (M, 
+ 1)' 7.2%; 713 (M, + K)' 26.9%' 

1.5 Condensation BHB (Tet. EG) + Tet. EG 

Amounts of reagents: BHB (Tet.EG): 1.514 g (2.6 mmole), Tet.EG: 0.514 g (2.6 mmole), CCI,: 0.814 
g (5.3 mmole), Et,N: 1.069 g ((10.6 mmole), CH,CN: 20 mL 4 days at room temperature. Chroma- 
tography on alumina with toluene as eluent. NMR of the final reaction mixture: S = -45.0 (lS%), 
-45.2 (7%). -45.4 and -45.5 (78%). Three fractions have been eluted: 
-Tricyclic monophosphorane 5 .  White solid 6 "P = -45.2. Mass spectroscopy (DCIINH,) m/z+: 
382 (M, + 1)' 100%; 399 (M, + 18)' 30%. 
-Macrocycle 6. White solid 6 "P = -45.0 Mass spectroscopy (DCI/NH,) m/z+: 382 (MU? + 1)' 
100%; 763 (M, + 1)' 5.3% 
-Acyclic compound 7. Visquous liquid 6 ,'P = -45.4. Mass spectroscopy (FAB/mNBA) m/z+: 382 
(M, + 1)' 100%; 763 (M, + I)' 1.3%; 979 (M, + Na)' 2.1%y 

1.6 Condensation BHB (Tet.EG) + DEG 

Amounts of reagents: BHB (Tet.EG): 1.27 g (2.2 mmole), DEG: 0.235 g (2.2 mmole), CCI,: 0.683 g 
(4.4 mmole), Et,N: 0.897 g (8.9 mmole), CH,CN: 20 mL 3 days at room temperature. "P NMR of 
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the final reaction mixture 6 = -42.8 (2%), -44.8 (6%), -45.2 (39%), -45.3 (40%) Chromatography 
on silica gel with a variable mixture of ethyl acetate and cyclohexane as eluent. Eluted fractions 
-Tricyclic monophosphorane 8. 6 31P = - 42.9 characterized by means of its NMR parameters which 
are identical to those of the same compound previously prepared., 
-Tricyclic monophosphorane 5 .  6 ,lP = -45.2 also identified by comparison with the same com- 
pound described above. 
-Macrocycle 9. White solid 6 31P = -44.9. Mass spectroscopy (DCIINH,) m/z+: 675 (M, + 1)' 
100%, 692 (& + 18)' 36%. 

1.7 Condensation BHB (Tet.EG) + Tri.EG 

Amounts of reagents: BHB (Tet.EG): 2.41 g (4.2 mmole), Tri.EG: 0.63 g (4.2 mmole), CCI,: 1.292 g 
(8.4 mmole), Et,N: 1.7 g (16.8 mmole), CH,CN: 30 mL 5 days at room temperature. 31P NMR of the 
final reaction mixture: 6 = -45.0 (13%), -45.2 (lo%), -45.4 (26%), -45.5 (51%). Chromatography 
on alumina. Eluent toluene. Eluted fractions: 
A mixture of the tricyclic monophosphoranes 3 and 5 evidenced by the 'H NMR spectra 
--Macrocycle 10. White solid 6 31P = -45.2. Mass spectroscopy (DCI/NH3) m/z+: 719 (M,,, + 1)' 
100%; 736 (Mlo + 18)+ 8.1% 
1.8 Condensation THB (Tri. EA) + Tri. EA 

Amounts of reagents: THB (Tri.EA): 1.114 g (1.55 mmole), Tri.EA: 0.231 g (1.55 mmole), CCI,: 
0.719 g (4.67 mmole), Et,N: 0.943 g (9.34 mmole), CH,CN: 20 mL 7 days at room temperature. 3LP 
NMRofthefinalreactionmixture: 6 = -43.1 (5.4%), -43.4(11.2%), -44.1 (10.4%), -44.4(20.6%), 
-44.5 (23.5%), -45.0 (13.%), -45.1 (15.9%). Compound 12 precipitated by addition of CH,CN to 
the oily reaction mixture obtained after filtration of the triethylammonium chlorhydrate and removal 
of the solvent. It was recrystallized in acetonitrile. White solid. 6 31P = -44.9. Mass spectroscopy 
(DCIDIH,) m/z+: 860 (Mtz + 1)' Elemental analysis for C,,H,N,O,,P,. calc.% C 50.29, H 8.38, N 
8.15. found% C 49.5, H 8.4, N 8.0 'H NMR (200.13 MHz, C,D,, 3630K1°, 6, I>: 1.26 (s, 36H, CH,); 
2.97 (td, 12H, N X H 2 ,  ,JHH, = 5, 4 J ~ p  = 2.6); 4.24 (td, 12H, OCHZ, ,JHp = 5.1). 13C NMR (50.32 
MHz, GD,, 6, I>: 29.1 (d, CH,, ,Jcp = 4); 55.8 (d, CHZN-P, 1/2('JC-N-p + 3Jc_c_-0_p) = 20.5; 
59.8 *(d, N-CH,,  'JCp = 10.6); 69.2 (s, C(CH3),); 69.8 (d, OCH,, ,JCp = 10.3) 
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