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Cyclophosphorylation of tetrapropylcalyxresorcin[4]arene by phosphorous amides gave 
P(II1)-phosphocavitands, modification of which resulted in a series of P(V)-phosphocav- 
itands with different substituents at phosphorus atoms. The first alkylation of amidophos- 
phocavitands has been performed. 

Keywords: calyxresorcin[4]arenes; phosphorous amides; cyclophosphorylation; cavitands; 
oxidation; alkylation 

INTRODUCTION 

Phosphocavitands are two-rim molecules constructed by forming addi- 
tional phosphorus-containing cycles around a calyxresorcinarene base. 
Two main problems were to be solved in their synthesis. The first problem 
was the selection of suitable phosphorylating agents. Chlorides of phos- 
phorus acids'-3 and phosphorous a m i d e ~ ~ ~ ~ w e r e  used for creating phos- 
phocavitands. In both cases the effective stereoselective phosphorylation 
was noticed, but the conformations of products were different. 

The second task concerned the regulation of conformational relation- 
ships in the process of calixarene phosphorylation. It was noted that the 
hydrocarbon radicals at the methylene bridges play a significant part in the 
fixation of the crown conformation required for cyclophosphorylation. It 
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was also found that a phenyl radical is less favourable than alkyl ones. The 
butyl homologue should be noted among calixarenes with alkyl radicals. 
This compound is available, convenient to use, and readily 
phosphory lated5. 

In this connection, it was expedient to examine the suitability of calyxre- 
sorcin[4]arenes with other alkyl radicals for phosphocavitand synthesis. 
The present work was launched in this direction. Our goal was to study the 
cyclophosphorylation of calyxresorcin[4]arenes with propyl radicals at the 
interphenyl bridges, to reveal the peculiarities of this reaction, and to syn- 
thesise a new group of phosphocavitands. In addition, we intended to 
examine new transformation types of phosphocavitands under study. 

RESULTS AND DISCUSSION 

The interaction of tetrapropyloctol 1 with phosphite triamides and phos- 
phite diamidoester (Scheme 1 )  was conducted in dioxane at 20°C under 
the strict ratio octol : amide = 1 : 4. The reaction proceeded stereoselec- 
tivly. Predominant stereoisomers 2a-c were obtained in high yields (67- 
90%). Their identities and symmetries were supported by 'H and 31P 
NMR spectroscopy (Table I). A narrow signal was present in the 31P NMR 
spectra, and 'H NMR spectra displayed a signal set for each type of pro- 
tons, as was observed only for cavitands of (& symmetry6 (in this case, 
the similar arrangement of substituents with respect to the cavity for all 
four phosphorus atoms). 

In order to obtain the exact molecular structures, single-crystal X-ray 
diffraction analysis was undertaken. The X-ray structure of 2b with the 
atomic numbering schemes is presented in Fig. 1; the atomic coordinates 
and the bond lengths and bond angles are given inTables I1 and 111, respec- 
tively. 

The X-ray diffraction analysis revealed that phosphocavitand 2b cocrys- 
tallizes with one molecule of solvent dioxane. 

The geometric parameters of 2b are similar to those of a previously stud- 
ied amidophosphocavitand with butyl radicals in the calixarene matrix5. 

The molecule of 2b adopts a bowl form with hydrophobic n-propyl sub- 
stituents on the bottom (the C(5), C(i2), C(19), and C(26) atoms) and 
hydrophilic P(02)NEt2 substituents above the top (the C(2), C(9), C( 16), 
and C(23) atoms). 
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TABLE I11 Bond lengths (A) and angles (degrees) in the structure 

Bond lengths 

P(l)-N(1) 1.649(2) C(1)-C(6) 1.393(4) C(23)-C(24) 1.380(4) 
1.67 l(2) 

1.665(2) 

1.646(2) 

1.667(2) 

1.669(2) 

1.639(2) 

1.669(2) 

1.688(2) 
1.649(3) 

1.656(2) 

1.680(2) 

1.403(3) 

1.394(3) 

1.406(3) 

I .398(3) 

1.391(3) 
1.389(3) 

1.401 (3) 
1.396(3) 

1.441(4) 

1.475(4) 

1.457(4) 

I .470(4) 

1.456(4) 

1.472(4) 
1.468(5) 
1.460(5) 
I .39 l(4) 

c(2)-c(3 ) 

C(3)-C(4) 

C(4)-C(5) 

C(4)-C(7) 

C(5)-C(6) 
C(6)-C(28) 

C(7)-C( 13) 

C(7)-C(48) 

C(8)-C(9) 
C(8)-C( 13) 

C(9)-C( 10) 

C(IO)-C( 11) 

C(ll)-C( 12) 

C( 11)-C( 14) 

C( I2)-C( 13) 

C( 14)-C(20) 
C( 14)-C(51) 

C( 15)-C(20) 
C(15)-C( 16) 

C( 16)-C( 17) 

C(17)-C( 18) 

C( 18)-C( 19) 

C(18)-C(21) 

C( 19)-C(20) 

C(2 I)-C(27) 
C(21)-C(54) 
C( 22)-C( 23) 
C( 22)-C( 27) 

1.381 (4) 

1.398(4) 

1.393(4) 

1.523(4) 

1.390(4) 

1.528(4) 

1.520(4) 
1.533(4) 

1.373(4) 

1.395(4) 

1.393(4) 

1.394(4) 

1.382(4) 

1.530(4) 

1.394(4) 

1.524(4) 
1.535(4) 

1.389(4) 
1.391(4) 

1.381(4) 

1.382(4) 

1.396(4) 

I .526(4) 

1.393(4) 

I .524(4) 
1.535(4) 
1.39 l(4) 
1.39 l(4) 

C( 24)-C(25) 

C(25)-C(26j 

C(25)-C(28) 
C(26)-C( 27) 

C(28)-C(45) 

C(29)-C(30) 
C(31)-C(32) 

C(33)-C(34) 

C(35j-C(36) 
C(37)-C(38) 

C(39)-C(40) 

C(41 )-C(42) 

C(43)-C(44) 

C(45)-C(46) 

C(46)-C(47) 

C(48)-C(49) 

C(49)-C(50) 
C(51)-C(52) 

C(52)-C(53) 
C(54)-C(55) 

O( IS)-C(4S) 

O( IS)-C( IS) 

0(2S)-C( 3s  j 

0(2S)-C(2S) 
C( IS)-C(ZS) 
C(3S)-C(4S) 

C(55)-C(56) 

1.39 l(4) 

1.392(4) 

1.520(3) 
1.391(4) 

1.534(4) 
1.470(6j 

I .502(5) 

1.503(6) 
1.497(5) 

1.509(5) 

1.502(5) 

1.506(7) 

1.478(7) 

1.530(4) 

I .502(5 j 

1.528(4) 
1.513(5) 

1.529(4) 

1.501(5) 
1.522(4) 

1.5 I l(5) 

1.412(6) 

1.427(6) 

1.41 l(5) 

1.430(6) 
1.483(7j 

1.469(6) 

Bond Angles 

C(17)-0(7)-P(4) 119 6(2) C(l l)-C(l2)-C(l3) 123.6(3) N(l)-C(2)-C(30) 116.5(4) 

N(l)-P(I)-0(2) 98 l(1) C(3)-C(4)-C(7) 120.2(2) C(18)-C(21bC(54) 112.6(2) 

N(l j-P(l)-O(l) 97 7(1) C(6)-C(5)-C(4) 123.2(3) C(23)-C(22)-C(27) 121.5(2) 
0(2)-P(I )-O( 1 J 99 8( 1 ) C(5)-C(6)-C( 1 )  1 1  7.2(2) C(23)-C(22)-0(8) 117.7(2) 

N(2)-P(2)-0(3) 98.6( 1) C(5)-C(6)-C(28) 122.9(2) C(27)-C(22)-0(8) 120 7(2) 
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Bond lengths 

N(2)-P(2)-0(4) 96.5(1) C( l)-C(6)-C(28) 119.9(2) C(24)-C(23)-C(22) 119.3(2) 

0(3)-P(2)-0(4) 99.1(1) C(13)-C(7)-C(4) 108.8(2) C(23)-C(24)-C(25) 121.7(2) 
N(3)-P(3)-0(5) 99.1(1) C(13)-C(7)-C(48) 113.1(2) C(23)-C(24)-0(1) 117.9(2) 

N(3)-P(3)-0(6) 98.8( 1) C(4)-C(7)-C(48) 114.1(2) C(25)-C(24)-0( 1) 120.4(2) 

0(5)-P(3)-0(6) 97.9(1) C(9)-C(8)-C(13) 121.8(2) C(24)-C(25)-C(26) 117.1(2) 

N(4)-P(4)-0(7) 98.6( 1) C(9)-C(8)-0(4) 118.3(2) C(24)-C(25)-C(28) 121.0(2) 

N(4)-P(4)-0(8) 98.5(1) C( 13)-C(8)-0(4) 119.9(2) C(26)-C(25)-C(28) 121.8(2) 

0(7)-P(4)-0(8) 99.0(1) C(8)-C(9)-C(lO) 119.5(3) C(27)-C(26)-C(25) 123.4(3) 

C(24)-0(1)-P(I) 119.9(2) 0(5)-C(lO)-C(9) 118.3(2) C(22)-C(27)-C(26) 117.0(2) 

C(1)-0(2)-P(l) 119.7(2) 0(5)-C(lO)-C(ll) 120.6(2) C(22)-C(27)-C(21) 121.4(2) 
C(3)-0(3)-P(2) 121.0(2) C(9)-C( lO)-C( 1 1 ) 12 1.0(2) C(26)-C(27)-C(2 1) 12 1.6(2) 

C(8)-0(4)-P(2) 120.2(2) C(l2)-C(ll)-C(lO) 117.3(2) C(25)-C(28)-C(6) 110.2(2) 

C(10)-0(5)-P(3) 115.9(2) C(l2)-C(ll)-C(l4) 121.9(2) C(25)-C(28)-C(45) 112.7(2) 

C(15)-0(6)-P(3) 117.5(2) C(lO)-C(ll)-C(l4) 120.7(2) C(6)-C(28)-C(45) 113.8(2) 

C(22)-0(8)-P(4) 118.4(2) C(12)-C(13)-C(8) 116.8(2) N(l)-C(31)-C(32) 114.3(3) 

C(29)-N(l)-C(31) 113.2(3) C(12)-C(13)-C(7) 121.8(2) N(2)-C(33)-C(34) 113.4(3) 

C(29)-N(l)-P(I) 124.5(2) C(8)-C(13)-C(7) 121.5(2) N(2)-C(35)-C(36) 113.7(3) 

C(3 I)-N( 1)-P( 1) 122.3(2) C(2O)-C(14)-C( 11) 109.3(2) N(3)-C(37)-C(38) 1 1333)  

C(33)-N(2)-C(35) 117.3(2) C(2O)-C(14)-C(51) 113.7(2) N(3)-C(39)-C(40) 113.8(3) 
C(33)-N(2)-P(2) 123.1(2) C(ll)-C(14)-C(51) 111.9(2) N(4)-C(41)-C(42) 113.6(4) 

C(35)-N(2)-P(2) 11932) C(20)-C(15)-0(6) 120.7(2) N(4)-C(43)-C(44) 114.4(5) 

C(37)-N(3)-C(39) 118.2(2) C(20)-C( 15)-C(16) 121.1(2) C(46)-C(45)-C(28) 113.8(2) 
C(37)-N(3)-P(3) 124.6(2) 0(6)-C(15)-C(16) 118.2(2) C(47)-C(46)-C(45) 115.0(3) 

C(39)-N(3)-P(3) 117.0(2) C(17)-C(16)-C(15 ) 119.5(3) C(49)-C(48)-C(7) 114.4(2) 

C(43)-N(4)-C(41) 114.5(3) C(5O)-C(49)-C(48) 121.6(2) C(16)-C(17)-C(18) 117.9(3) 

C(43)-N(4)-P(4) 124.0(3) C(16)-C(17)-0(7) 118.0(2) C(52)-C(51)-C(14) 113.2(2) 

C(41)-N(4)-P(4) 116.8(3) C(18)-C( 17)-0(7) 120.3(2) C(53)-C(52)-C(51) 113.6(3) 
C(2)-C( 1)-C(6) 121.7(2) C( 17)-C( 18)-C( 19) 117.5(2) C(55)-C(54)-C(21) 11 3.8(2) 

C(2)-C(1)-0(2) 118.1(2) C(17)-C(18)-C(21) 121.3(2) C(56)-C(55)-C(54) 113.5(3) 

C(6)-C(1)-0(2) 120.2(2) C(19)-C(l8)-C(21) 121.1(2) C(4S)-O(lS)-C( 1s) 109.1(3) 
C(3)-C(2)-C(l) 119.0(3) C(20)-C( 19)-C(18) 122.8(3) C(3S)-O(2S)-C(2S) 109.4(4) 

C(2)-C(3)-C(4) 121.8(2) C(15)-C(2O)-C(19) 11732) O(IS)-C(lS)-C(2S) 110.9(4) 
C(2)-C(3)-0(3) 118.4(2) C(15)-C(2O)-C(14) 120.7(2) 0(2S)-C(2S)-C(lS) 111.4(4) 

C(4)-C(3)-0(3) 119.7(2) C(19)-C(2O)-C(14) 121.7(2) 0(2S)-C(3S)-C(4S) 110.8(4) 

C(5)-C(4)-C(3) 11 7.0(2) C(27)-C(21)-C( 18) 108.7(2) O( lS)-C(4S)-C(3S) 11 1.8(4) 

C(5)-C(4)-C(7) 122.6(2) C(27)-C(21)-C(54) 114.2(2) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



180 VERA 1. MASLENNIKOVA et a!. 

HO 

HO OH 

HO 

H O  

I 

J T I Y I  

3 a. b. 4. 5 a-c 6 a. b 

2 a. X=NMeZ; 3 a X=NEtz, Y=S; 5.a. X=NMe2, Y=O: 6.a. X=NEtI, R=Me; 

b.  X=NEtZ; b. X=OPr-i, Y=S; b. X=NEt*. Y=O; b. X=NEt:. R=Et 

c .  X=OPr-i; 4.  X=NMez, Y=Se; c .  X=OPr-i, Y=O: 

SCHEME 1 

The phosphorus atoms in 2b are coordinated in a tngonal pyramid and 
deviate from the plane of substituents by 0.80 A on the average. The phos- 
phorus-containing eight-ring cycles have a chair-boot conformation (all 
NEt, groups at the phosphorus atoms are equatorial), and n-propyl substit- 
uents adopt a transoidal conformation. The top and bottom diameters of 
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FIGURE 1 The general view of the molecular 2b and numbering scheme (a) and 
different views 

(b) show 
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phosphocavitand 2b are 8.291(5) and 5.236(5) A, respectively. The bowl 
declivity (the angle between the planes of phenyl rings and the bottom 
plane) is 56.4". It should be noted that appreciable distortions are observed 
for the structure of 2b, as in the case of its tetrabutyl analogue5. The dis- 
tances between the opposite phosphorus atoms P( 1). . .P(3) and P(2). . .P(4) 
are 8.775(3), 9.181(3) and 9.38(1), 8.62(1) A, respectively. These distor- 
tions can be explained by the effect of crystalline packing and, mainly, of 
solvent molecules cocrystallising with phosphocavitands (CH2C12 for 
tetrabutylphosphocavitand and dioxane for 2b). The average distance 
between the adjacent phosphorus atoms is 6.350(3) A. 

The analysis of molecular packing revealed that the crystal structure of 
2b consists of discrete molecules with no abnormally close intermolecular 
contacts. The molecules in a crystal are head-to-tail arranged with a little 
shift. Solvent dioxane molecules are located between them, blocked by the 
propyl substituents of one cavitand and two NEt2 groups of the next cav- 
itand. Such a disposition of the dioxane molecule (Fig. lb) can result in 
different conformations of the propyl groups, which in turn disturb the 
local C4" symmetry of the molecule. The torsion angles 
C(7)C(48)C(49)C(50), C( 14)C(5 l)C(52)C(53), C(21)C(54)C(55)C(56), 
and C(28)C(45)C(46)C(47) are -58.6, -158.5, -72.7, and 58.6". respec- 
tively. 

In order to obtain P(V)-phosphocavitands with different substituents at 
phosphorus atoms, amidophosphites 2a,b and phosphite 2c were intro- 
duced into reactions with oxidising and alkylating agents (Scheme 1). 

Sulfur and selenium were stereospecifically added to cavitands 2a-c to 
form an isomer with four axial sulfur (selenium) atoms and equatorial 
amido (3a, 4) or isopropoxy (3b) groups. This fact was confirmed by the 
identity of the spectral parameters of 3a,b and 4 with those of previously 
studied thiophosphatocavitands, whose structure has been proved by the 
X-ray diffraction analy~is'.~. 

The interaction between cavitands 2a-c and oxygen-bearing agents was 
not so unambiguous. In this case, the stereoselectivity of the process was 
dependent on the oxidising agent. The oxidation of 2a-c by ozone and oxy- 
gen (UV irradiation) resulted in isomeric phosphocavitands 5a-c with dif- 
ferent arrangement of substituents at phosphorus atoms with respect to the 
cavity, as evidenced by the 31P NMR spectra of these compounds, where 
signals of phosphate groups with both axial (5a-b: -0.2, -1.2; 5c: -14 
ppm) and equatorial (5a,b: -14...-15, 5c: -20 ppm) orientations of 0x0 
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PHOSPHOCAVITANDS 183 

groups2 were observed. At the same time, the use of iodozobenzene or the 
adduct of hydrogen peroxide with urea favoured the stereoregular process 
resulting in symmetric 5a-c isomers with the axial orientation of all 0x0 
groups. This fact was confirmed by the 'H and 31P NMR spectra of phos- 
phocavitands 5a-c (Table I). It should be noted that the adduct of hydrogen 
peroxide with urea is the most suitable oxidant, because the oxidation 
by-product is easily removed from the reaction mixture in this case. 

Amidophosphite 2b was alkylated in chloroform with a great excess of 
alkyl iodide. The reaction resulted in quasiphosphonic salts of cavitands 
6a,b as individual C4,-symmetric stereoisomers in high yields (73-76%). 
The composition and the structure of 6a,b were proved by the elemental 
analysis and 'H and 31P NMR spectroscopy (Table I). 

Thus, calyxresorcin[4]arenes containing short alkyl radicals (C3,4) are 
very suitable objects for the synthesis of a broad spectrum of phosphocav- 
itands with different substituents at phosphorus atoms. 

EXPERIMENTAL 

All syntheses were conducted in dry deoxygenated solvents under argon. 
'H NMR spectra were recorded on a Bruker WM-200 spectrometer with 
TMS as an internal standard. 31P NMR spectra (at 32.4 MHz, 85% H3P04 
as an external standard) were recorded on a Bruker WP-80 spectrometer. 

Crystallographic data for 2b C6&88N401$4 were obtained at 193K 
using a four-cycle Syntex P2' diffractometer (monochromatised MoKa 
radiation, 8/28-scans, 28 < 60"). The crystal of 2b is monoclinic at 193K: 
u = 12.815(4) A, b = 15.073(3) A, c = 18.009(7) A, IY. = 106.39(3)", 
p = 109.38(3)", y = 97.29(3)", V = 3053(2) A, Z = 2, space group PI, 
p = 0.183 rnm-', F(000) = 1232, dcdc = 1.250 g.crnp3. The total number 
of the measured reflections for the 2b structure was 9414. 

The structure of 2b was solved by the direct method and refined by a 
full-matrix least squares on F2 in the anisotropic-isotropic (H-atoms) 
approximation. All hydrogen atoms were located by the electron density 
difference synthesis and were included in the final refinement. 

The results of the refinement for 2b are: R1 = 0.0505 for the 7285 inde- 
pendent reflections with I > 20(I) and wR2 = 0.1303 and GOF = 1.035 for 
all 8345 independent reflections, respectively. All calculations were per- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



184 VERA I.  MASLENNIKOVA e t a / .  

formed with an PC/AT computer using a SHELXTL programs package 
(ver. 5). The final atomic parameters for the 2b structure are listed in Table I1 

Phosphitocavitands 2a-c 

A solution of octol 1 (0.25 mmol) and corresponding amide ( 1  mmol) in 
dioxane was kept at 20°C for 5 (2a), 3 (2b), and 12 days (2c). The precipi- 
tate formed was filtered off, washed with hexane, and dried in vacua 

Amidophosphitocavitand 2a (stereoisomer) 

Yield 90%. M. p. 260-262OC. Anal. Calcd for C4gH~N40gP4 (948.88): c, 
60.75; H, 6.80; N, 5.90; P, 13.57. Found: C, 60.31; H, 6.90; N, 5.81; P, 
13.40. 

Amidophosphitocavitand 2b (stereoisomer) 

Yield 88%. M. p. 245-247°C. Anal. Calcd for CyjHg$V40gP4 (1061.08): c, 
63.38; H, 7.60; N, 5.28; P, 11.68. Found: C, 63.01; H, 7.69; N, 5.27; P, 11.55. 

Phosphitocavitand 2c (stereoisomer) 

Yield 67%. M. p. 275-277°C. Anal. Calcd for Ccj2H68012P4 (1008.92): c ,  
61.87; H, 6.84; P, 12.27. Found: C, 61.40; H, 6.88; P, 12.03. 

Thiophosphatocavitands 3a,b 

A solution of the corresponding cavitand (0.13 mmol) and sulfur (0.52 
mmol) in benzene (4 ml) was stirred at 60°C for 2.5 (3a) and 3.5 h (3b). 
Next, the solvent was partly evaporated, and the precipitate formed was 
filtered off and dried in vucuo. 

Amidothiophosphatocavitand 3a (stereoisomer) 

Yield 63%. M. p. 278-280°C. Anal. Calcd for C&8,&@gP4S4 
(1189.27): C, 56.56; H, 6.77; N, 4.71; P, 10.42; S, 10.79. Found: C, 56.48; 
H, 6.80; N, 4.69; P, 10.38; S, 10.70. 
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PHOSPHOC AVITANDS 185 

Thiophosphatocavitand 3b (stereoisomer) 

Yield 58%. M. p. >35OoC. Anal. Calcd for (1137.18): C, 
54.92; H, 6.02; P, 10.89; S ,  11.28. Found: C, 54.88; H, 6.07; P, 10.84; S, 
11.27. 

Amidoselenophosphatocavitand 4 (stereoisomer) 

A solution of cavitand 2a (0.13 mmol) and selenium (0.52 mmol) in a mix- 
ture of dioxane (9 ml) and chloroform (1  ml) was stirred at 90-10O0C for 
5.5 h. The solvents were removed; 2 ml of chloroform was added to the 
residue, and the excess of selenium was filtered off. Next, chloroform was 
evaporated; the product was washctl with hexane and dried in vacuo. Yield 

H, 5.10; N, 4.43; P, 9.79. Found: C, 35.12; H, 5.12; N, 4.37; P, 9.30. 
50%. M. p. >350"C. Anal. CalCd lor C~~H64N408Se4 (1264.74): c, 45.58; 

Phosphatocavitands 5a-c 

A solution of cavitand 2 (0.06 mmol) and the adduct of hydrogen peroxide 
with urea [H202(NH2),CO] (0.24 mmol) in methylene chloride (2 ml) was 
stirred at 20°C for 3 4  h. The precipitate of [H202(NH2),CO] was filtered 
off, the solvent was partly evaporated; the residue was washed with water; 
methylene chloride was removed, and the product was dried in vacuo. 

Amidophosphatocavitand 5a (stereoisomer) 

Yield 59%. M. p. >35OoC. Anal. Calcd for C48H64N4012P4 (1012.88): C, 
56.92; H, 6.36; N, 5.53; P, 12.23. Found: C, 56.51; H, 6.42; N, 5.50; P, 
12.17. 

Amidophosphatocavitand 5b (stereoisomer) 

Yield 39%. M. p. 326326°C. Anal. Calcd for C&80N4O12P4 (1 125.08): 
C ,  59.78; H, 7.16; N, 4.98; P, 11.01. Found: C, 59.30; H, 7.26; N, 4.89; P, 
10.93. 
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186 VERA I. MASLENNIKOVA et al. 

Posphatocavitand 5c (stereoisomer) 

Yield 55%. M. p. 300-302"C. h a l .  Calcd for C5,H68016P4 (1072.91): c, 
58.21; H, 6.38; P, 11.55. Found: C, 58.17; H, 6.41; P, 11.53. 

Quasiphosphonic salts of cavitands 6a,b 

A solution of cavitand 2b (0.05 mmol) and the corresponding alkyl bro- 
mide (3 mmol) in chloroform (1 ml) was kept for 7 days at 20°C (6a) or 
7 h at 120°C (6b). Hexane (0.5 ml) was added to the reaction mixture; the 
precipitate formed was filtered off and dried in vucuo. 

Quasiphosphonic salt 6a (stereoisomer) 

Yield 73%. M. p. 325-330°C (decornp.). h id .  Calcd for C6@92I4N4016P4 

(1628.83): C, 44.23; H, 5.65; N, 3.44; P, 7.62. Found: C, 43.80; H, 5.29; N, 
3.15; P, 7.27. 

Quasiphosphonic salt 6b (stereoisomer) 

Yield 76%. M. p. 330-335°C (decomp.) Anal. Calcd for C M H ~ , & N ~ O ~ P ~  
(1684.93): C, 45.60; H, 5.94; N, 3.33; P, 7.36. Found: C, 45.71; H, 5.85; 
N,3.29; P, 7.30. 
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