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Polyphosphane polyoxides with (O)PCP(O) linkages are
powerful chelating agents for extraction of actinides from
nuclear wastes. They are obtained either by the Michaelis—
Arbuzov reaction of chloromethylphosphane oxides and
phosphorus(IIl) esters, or by the reaction of phosphane oxide
carbanions with chlorophosphanes. With the latter method,
the addition of a phosphane oxide carbanion in excess

allowed us to overcome a transmetallation reaction and
thereby obtain polyphosphane polyoxides in good vyields.
The 'H-NMR spectra of the PCH,P groups show the
influence of the different R groups attached to the
phosphorus atoms. We determined the coupling constants
and the chemical shifts of these spin systems.

Introduction

We have recently synthesized macrocyclic complexing ag-
entsl! to achieve the extraction of actinides from nuclear
wastes. These compounds were particularly efficient for plu-
tonium and neptunium extraction, but they demonstrated
low efficiency for the extraction of trivalent actinides such
as americium. Therefore, we developed the synthesis of new
organophosphorus compounds containing (O)PCP(O)
units, in order to extract the actinides in all their valencies.
The excellent extracting properties of these compounds
using classical liquid-liquid extraction, or transport through
supported liquid membranes, have been evaluated and are
presented in a separate paper.!?) Furthermore, these kind of
compounds are interesting for the treatment of bones
pathologies.!

We chose two different pathways in order to build the
(O)PCP(O) linkage. The first is a modification of the
method developed by Richards et al.,[*l using a phosphane
oxide carbanion and an electrophilic phosphorus com-
pound. The second consists of a Michaelis—Arbuzov reac-
tion between a chloromethylphosphane oxide and trivalent
phosphorus esters. !

Results and Discussion
Reaction of Phosphane Oxide Carbanions

The reaction of nBuLi with an alkylphosphane oxide 1
leads to the corresponding phosphane oxide carbanion (2),
which reacts in a second step with a diarylphosphinic chlo-
ride 3 to give the (O)PCP(O) compound 4 (Scheme 1). Gen-
erally, the yields are moderate for methylene-* as well as
for pyridyl-substituted methylene-diphosphane dioxide, ¢!
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or sulfide! The major drawback of this procedure is a suc-
cessive concurrent transmetallation reaction between the in-
itial carbanion 2 and the resulting diphosphane dioxide 4. ]
Fortunately, the new stabilized carbanion 5 is unreactive
towards 3: indeed, the alkylation of the diphosphane diox-
ide carbanions 5 generally gives poor yields.) Furthermore,
diarylphosphinic chlorides 3 probably induce more steric
hindrance, in comparison to linear haloalkanes, for the elec-
trophilic trapping of carbanion 5.
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Scheme 1. Reaction of phosphane oxide carbanions with diaryl-
phosphinic chlorides

In order to avoid the consecutive transmetallation be-
tween 2 and 4, it is well advised to use an excess of one
equivalent of base which cannot act as a nucleophile in the
reaction conditions. In such a way, using two equivalents of
LDA, Savignac and Collignon groups developed an im-
proved procedure for the reaction of phosphorylated car-
banions with CIP(O)Z, as electrophiles.!'” This procedure
is now widely used to prepare gem-diphosphorylated com-
pounds.!'!l In our case, in order to use (di)chlorophos-
phanes as (di)electrophiles, which are known to react easily
with lithium amides, even overcrowded such as /Pr(Mes-
Si)NLil'?!, we choosed to use simply an excess of the initial
phosphane oxide carbanion 2 both as reagent and depro-
tonation agent: The reaction of two equivalents of phos-
phane oxide carbanions 2 with chlorodiphenylphosphane
gives first phosphanylmethylphosphane oxides 6, (Scheme
2), which are then oxidized, by hydrogen peroxide in di-
chloromethane, to the diphosphane dioxides 4a—b in good
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Scheme 2. Generalization of the phosphane oxide carbanions way (Table 1)

yields (Table 1). Excess of the initial phosphane oxide 1 is
removed either by solubilization in hexane or by chroma-
tography.

In the same way, the reaction of four equivalents of vari-
ous phosphane oxide carbanions with dichlorophenylphos-
phane gives, after oxidation, triphosphane trioxides 8a—c
in good yields. This methodology was successfully applied
to the synthesis of the 1,1,3,5,5-pentaphenyl-1,3,5-triphos-
phapentane-1,5-disulfide-3-oxide 8d (in 27% yield) using di-
phenylmethylphosphane sulfide carbanion (Table 1).

Table 1. Compounds obtained by the phosphane oxide carba-
nions reaction

Compound R R’ R” X Yield (%)
4a Ph Ph H (0] 79
4b Ph Me H (0] 53
8a Ph Ph H (0] 91
8b Ph Me H (0] 74
8c nBu nBu nPr (0) 83
8d Ph Ph H S 27

Compounds 8b and 8¢ exhibit phosphorus or carbon chi-
ral centers: for compound 8b, the diastereoisomers cannot
be separated, but for compound 8¢, the racemic mixture of
the chiral enantiomers 8cec and one meso diastereoisomer
8cm were separated by column chromatography, obtained
in 56% and 22% yields respectively, and characterized by
13C-, 'H-, and 3'P-NMR spectra (Scheme 3). The 3'P-NMR
spectrum shows the presence of only one meso compound.

7% on i 7
nBu,P. P. PnBu,  nBuP PnBu, meso diastereoisomers
A\< : 8cm
pd | Ph oy Pr Pr
R porof
nBu,P. P. PnBu,  nBuyP P. PnBu, chiral enantiomers
i X 8co
pé Ph pr pi  Ph pr

Scheme 3. Stereoisomers of compound 8¢

In order to verify this observation, the addition of two
equivalents of nBuLi to the 8cc enantiomers gave the corre-
sponding dicarbanion (Scheme 4). After equilibration at
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—50°C in THF as well as in refluxing THF, the protonation
by acetic acid in water leads in both cases to the formation
of 8cc and 8cm in 88/12 ratio. The isomerization of the car-
banion is probably thermodynamically controlled and the
proportions of 8ce to 8cm depend on the relative stabilities
of the different carbanions.
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Scheme 4. Diastereoselection from (O)PCP(O) carbanions

Michaelis— Arbuzov Reactions of
Chloromethylphosphane Oxides

The Michaelis—Arbuzov reactions of a phosphite or
phosphinite with chloromethylphosphane oxides lead to the
(O)PCP(O) compounds (Scheme 5). The chloromethylphos-
phane oxides are obtained using tetrakis(hydroxymethyl)-
phosphonium chloride 9 as a precursor. Tris(chloromethyl)-
phosphane oxide 11 is synthesized in two steps (in 86%
yield): by reaction of 9 with sodium hydroxide to give 10,13
followed by the action of phosphorus pentachloride!'#! on
10 to give 11.

Triphosphane trioxides 15a—b with lipophilic chains are
obtained in four steps using tris(hydroxymethyl)phosphane
13. In the first step, the reaction of phosphonium salt 9
with triethylamine gives 13 quantitatively.['™ 13 then reacts
with bromoalkanes to afford the corresponding tris(hyd-
roxymethyl)alkylphosphonium salts which undergo basic
hydrolysis to give bis(hydroxymethyl)alkylphosphane oxides
14a—c. Finally, chlorination of the hydroxy groups by phos-
phorus pentachloride affords bis(chloromethyl)phosphane
oxides 15a—c in high yields.

A third way to synthesize chloromethylphosphane oxides
is by the Williamson reaction of the tris(chloromethyl)phos-
phane oxide 11 with an alkoxide.[!¢]
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Scheme 5. Arbuzov reaction of chloromethyl phosphane oxides (Table 2)

The synthesis of PCP linkage by the Michaelis—Arbuzov
reaction is carried out without solvent at 150 °C for 3 to
20 hours with a slight excess of triethyl phosphite or ethyl
diphenylphosphinite and affords high yields of di-, tri-, and
tetraphosphorylated compounds (Table 2). Triphosphane
trioxide 16¢ with o-nitrophenoxyoctyl chain was not ob-
tained because the nitro group reacts with ethyl diphenyl-
phosphinite to probably form a nitrene via a concurrent
reduction reaction.[!”]

Table 2. Compounds obtained by the Michaelis—Arbuzov reaction

Compound R R’ orn Yield (%)
12a Ph - 31

12b OEt - 83

16a Ph I’IC|2H25 84

16b Ph PhO(CH,)s 85

16¢ Ph 0N02PhO(CH2)g 0

17a OEt n=2 89

17b OEt n=1 86

Subsequent hydrolysis, in acidic media (HCI 35%), of the
phosphonate group!'8lin 17a and 12b gives di- and trispho-

I I
R.P.l P(OEt) , RiPl _P(OH),] + (6-2n) EtOH
-n 3-n

18a : n = 1, R = CHy{OCH ,CH,);0CH,,
18b:n=0

HCI 37%
100°C, 16 h

Scheme 6. Acidic hydrolysis of the PCP phosphonates

sphonic acid 18a and 18b in quantitative yield (Scheme 6).
The Michaelis—Arbuzov reaction is a very clean way to
form (O)PCP(O) compounds, and the main side products
are generally the less substituted ones. In the reaction of
11 with triethyl phosphite, a kinetic study of the successive
Michaelis— Arbuzov reactions showed that the mono- and
disubstitution steps have the same rate. However, the substi-
tution rate of the last chloromethyl group is 1.6-fold lower.
Then, by stopping the reaction before completion, the
bis(0,0’-diethylphosphonomethyl)chloromethylphosphane
oxide 19 can be isolated in 19% yield as a side product of
the trisubstituted compound 12b (obtained in 45% yield).
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Thus, we obtained chloromethyl(diphenylphosphanyl-
methyl)dodecylphosphane dioxide 20 in 52% yield by the
reaction of bis(chloromethyl)dodecylphosphane oxide 15a
with 1 equivalent of ethyl diphenylphosphinite. Subsequent
reaction with triethyl phosphite of the free chloromethyl
function lead to the mixed phosphonate—phosphane oxide
compound 21 in 94% yield (Scheme 7).

0
1 Ph,POE, 150°C o0
152 O S OB PP, 208) (52%)
C12H25
i i
5 P(OE)s, 150°C
29 PO, 10°C (EIORP-_ P _PPh; 21(t) (04%)
CiaHas

Scheme 7. Synthesis of the mixed phosphane oxide—phosphonate
21

1H- and '*C-NMR Study of the (O)PCP(O) Units

The signals of the methylenic hydrogens H, and Hy in
PCH,P groups are very sensitive to the stereoisomeric re-
lationships!!'?! between the different R groups connected to
the phosphorus atoms. Besides compound 4a in which the
hydrogens are equivalent and give, with the two equivalent
phosphorus atoms, an A,X, spin system, two different
kinds of compounds are described in this work: those in
which H, and H,, are enantiotopic, i.e. related by a ¢ plane,
and those where these hydrogens are diastereotopic, i.e. not
related by any symmetry element (Scheme 8).

On the one hand, the PCH,P group of the C; diphos-
phorylated compound 17a gives an A,MX spin system. On
the other hand, the C;, tetraphosphorylated compounds
12a, 12b, and 18b possess three equivalent methylene
groups related by the Cs axis in which the two hydrogens
of each methylene are related by a ¢ plane and are enantio-
topic. Thus, the spin system of these molecules is of the
[A,M]5X type. In contrast, the C, triphosphorylated com-
pounds 8a, 8d, 16a, 16b, 17b, 18a, and 19 possess two en-
antiotopic methylene groups, the hydrogens of which are
diastereotopic, giving a [ABM],X spin system. The last set
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Scheme 8. Stereoisomeric relationships in (O)PCP(O) compounds

of compounds, 4b, 20, and 21, deprived of any symmetry
element, show a simple ABMX system.

The important point in the analysis of these [ABM], X
systems is the absence of any resolved coupling constants
between each of the ABM parts. Then the 'H-NMR spectra
are made of four AB sub-spectra (Figure 1). For each spec-
trum, the coupling constants with the M and X phosphorus
atoms can be exchanged with no effect on theoretical spec-
tra and some double irradiation experiments involving *'P
were necessary to resolve this ambiguity.

All spectra have been simulated,?”! and the resulting
chemical shifts and coupling constants are listed in Table 3.
The signs of the 2Jyy coupling constants have not been
determined, and are given according to the geminal coup-
ling in sp? hybridized system.[?!1 Sometimes, all the expected
transitions are not observed, particularly in 8d where the
2Jpu couplings are equal. In the extreme cases, hydrogens

Ha

HH
=
P
HH

Hb w
[]

in methylene groups of 19 and 18a were accidentally iso-
chronous and give only a doublet of doublet.

I3C-NMR spectra are also sensitive to the stereoisomer-
ism of compounds, especially the carbons of diphenylphos-
phanyloxy and diethylphosphono groups, which appear as
double signals when one phosphorus bears two identical
but diastereotopic groups.

Concerning the (O)PCP(O) units, the carbon signal mul-
tiplicity due to 3'P-'3C coupling constants are dependent
on the nature of the phosphorus function. The 'Jpc coup-
lings range from 42.8 Hz to 135.3 Hz (Table 4), but these
values strongly depend on the nature of the phosphorylated
group. For the phosphonic function, couplings range from
126.3 Hz to 135.5 Hz so the 'Jpc coupling with phosphon-
ate group can be assigned unambiguously. On the contrary,
the 'Jpc values in the phosphane oxide groups possess the
same order of magnitude, between 42.8 Hz and 63.4 Hz.
Thus we made some triple irradiation {3'P}{'H}-13C
experiments to ascertain the attribution of each coupling
constant to each phosphorus atom. The 3Jpc couplings are
rarely observed except in some esters or phosphonic acids
where these values are generally weak and about 2.5 to
3.6 Hz.

Conclusion

Polyphosphane polyoxides with (O)PCP(O) bridges can
be obtained in good yields using the reaction of an excess
of phosphane oxide carbanions with chlorophosphanes.
Additional interests of this way lie in the possible access
to mixed sulfide and oxide compounds as well as in the
diastereoselection occurring during the phosphination of
the dicarbanionic species. Another general way to obtain
the P-substituted compounds (alkyl, polyethers side chains)

.
i

16b

Figure 1. Experimental and simulated 'H-NMR of 16b and 8d at 200.13 MHz in CDCl;
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Table 3. '"H NMR parameters and Jpy values of (O)PCH,P(O) groups
Compound S (ppm) Coupling constant (Hz)

[a] Hd Hb P Pl[b] 2']HaHb 2JPHa 2JPHb 2']P’Ha 2']P’Hb 2JPP
4a eq 3.54 25.37 - 14.7 -
12all en 3.65 33.90 30.10 - 13.7 13.7 15.2
12b en 2.90 29.73 20.34 - 15.8 20.4 8.9
18bl! en 2.76 32.66 15.23 - 16.5 19.1 10.6
17a en 2.42 38.51 21.62 - 13.8 20.5 12.5
4b di 3.10 3.17 32.60 27.01 —13.5 12.9 17.2 14.9 12.4 12.0
8a di 3.77 3.77 28.57 27.09 - 12.9 15.9 12.0
8d di 3.94 4.12 26.85 34.41 —14.5 14.6 14.3 14.6 14.3 12.0
16a di 3.23 3.61 39.60 25.86 —14.7 12.6 12.6 14.5 16.7 12.5
16b di 3.23 3.64 40.42 26.60 -14.7 12.5 12.6 14.6 16.9 12.5
17b di 2.62 2.70 34.65 20.96 —15.1 14.7 15.0 20.7 20.4 12.6
18all di 2.76 2.76 43.00 16.94 - 15.2 20.1 14.0
19 di 2.78 2.78 32.59 18.59 — 15.2 20.3 14.0
20 di 3.01 3.10 43.84 25.11 —15.1 14.9 12.7 12.0 15.6 12.6
21 di 2.73 2.80 34.99 20.67 -15.2 14.8 15.6 19.3 21.4 10.1

3.11 3.58 34.99 22.32 —15.1 114 134 15.1 17.1 11.8

[l ??: equivalent hydrogens, en: enantiotopic hydrogens, di: diastereototopic hydrogens. — I R,P(O) groups (R = OH, OEt, Ph, nBu).
— [c S

pectra in [Dg]DMSO.

Table 4. '3C chemical shifts and "Jpc values of (O)PCP(O) groups

Compound d multiplicity 'Jpc (Hz) Jpe (Hz) 3Jpc (Hz)
4a 34.43 t 58.3 —
4b 34.71 dd 54.7 594 -
8a 32.57 dd 59.11®] 59.91b] -
8cm 38.26 dd 47.7 55.6 -
8cc 37.71 dd 43.0 59.5 -
39.99 dd 42 .8[b] 43201 -
8d 35.37 dd 60.6 45.4 -
12a 32.84 dd 56.7 56.7 —
12b 26.70 ddt 63.4 131.2 2.5
16a 31.39 dd 53.6 60.5 —
16b 31.34 dd 53.6 60.6 -
17a 23.02 dd 53.1 135.3 -
17b 25.60 ddd 53.3 133.1 3.6
18a 29.11 ddd 59.8 128.3 32
18b 29.88 dd 63.0 126.3 -
19 25.92 ddd 63.1 132.6 3.0
20 28.42 dd 53.5 59.9 -
21 28.40 dd 57.4 133.1 -
30.23 dd 58.8 58.8 -

[l 175 coupling involving R,P(O) groups (R = OH, OEt, Ph, nBu). — ® The /Jpc couplings are permutable.

is the Arbuzov reaction using chloromethylphosphane ox-
ide reagents.

This study has shown that the '"H-NMR spectra of meth-
ylene groups are strongly dependant on the stereoisomeric
relationships of the R groups

Experimental Section

General Remarks: All solvents were distilled prior to use and com-
mercially available reagents used without further purification. —
All reactions were monitored by TLC (Merk, SIL G/UV,s,) or 3'P
NMR. — Merck silica gel 60 (0.063—0.20 mm) was used for col-
umn chromatography. — Melting points were determined using a
Wild Leitz 350 and are given uncorrected. — 'H-, 1*C-, and 3'P-
NMR spectra were recorded on a Bruker AC-200 spectrometer as
CDCl; solutions (unless otherwise specified). Chemical shifts are
expressed in ppm and coupling constants in Hz. Reference com-
pounds were internal TMS for 'H and '3C and external 85% H;PO,

Eur. J. Org. Chem. 1999, 1561 —1569

for 3'P NMR. In the '3*C-NMR spectra of 4b and 8a, a few of the J
values have not been determined due to some peak superpositions,
particularly in the aromatic zone. The missing values are replaced
by “—" in the descriptions of these compounds. — IR spectra were
obtained with a Perkin—Elmer 377. — Mass spectra were measured
with a Jeol JMS DX-300 spectrometer.

General Procedure I: To a stirred mixture of alkylphosphane oxide
in anhydrous THF at —30°C, 1 equiv. of a solution of nBuLi
(1.6 M) was added. Reaction mixture was stirred for 30 min at 0°C.
After cooling to —30°C, 0.5 equiv. of diphenylchlorophosphane or
0.25 equiv. of dichlorophenylphosphane were added and refluxed
for 2 hours. 20 equiv. of water were added, and THF was removed
under vacuum. The same volume of CH,Cl, was added and 1.2
equiv. of H>O» (1 m) were slowly added at 0°C.

1,1,3,3-Tetraphenyl-1,3-diphosphapropane Dioxide (4a): Reaction
according to Procedure I with diphenylmethylphosphane oxide and
chlorodiphenylphosphane gave 79% yield of 4a as colorless crystals,
with the same spectroscopic data as described by Richards.[??]
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1,1,3-Triphenyl-1,3-diphosphabutane Dioxide (4b): Reaction accord-
ing to Procedure I with dimethylphenylphosphane oxide and chlor-
odiphenylphosphane gave 53% of 4b as a yellow crystalline solid,
m.p. 174°C. — IR (KBr): ¥ = 3050 cm ™!, 2920, 2880, 1435, 1290,
1190, 1170, 1115, 1082, 1070, 895, 880, 805, 732, 690, 545. — 'H
NMR: 8 = 1.96 (d, 2Jyp = 13.8 Hz, 3 H, PCHs), 3.10, 3.17 (m,?
2 H, PCH,P), 7.25—7.75 (m, 15 H, 3 Ph). — 13C NMR: § = 17.75
(d, 'Jpc = 73.0 Hz, PCH53), 34.71 (dd,** PCH,P), 128.49, 128.57,
128.81 (3 d, 3Jpc = 12.3 Hz, 3Jpc = 12.1 Hz, 3Jpc = 12.2 Hz, 2
mCH, m'CH), 130.22, 130.35, 130.73 (3 d, 2Jpc = 10.2 Hz, 2Jpc =
9.8 Hz, 2Jpc = 10.1 Hz, 2 oCH, o’CH), 131.75, 131.90, 132.30 (3
d, #Jpc = 2.9 Hz, *Jpc = 2.9 Hz, *Jpc = 2.9 Hz, 2 pCH, p'CH),
132.81, 133.19, 133.44 (3 dd, 'Jpc = — Hz, 3Jpc = 2.7 Hz, Upc =
— Hz, 3Jpc = 2.0 Hz, 'Jpe = 101.4 Hz, 3Jpc = 2.3 Hz, 2 iC, i'C).
— 3P NMR: § = 27.01 (d, 2J,, = 12.0 Hz, PPhy), 32.60 (d, 2J,,, =
12.0 Hz, P=0). — MS EI; m/z (%): 354 (15), 339 (20), 277 (31),
229 (41), 91 (93), 77 (100).

1,1,3,5,5-Pentaphenyl-1,3,5-triphosphapentane Trioxide (8a): Reac-
tion according to Procedure I with diphenylmethylphosphane oxide
and dichlorophenylphosphane gave 91% of 8a as colorless crystals,
m.p. 88—90°C. — IR (KBr): ¥ = 3055 cm™!, 2960, 2920, 2860,
1435, 1190, 1100, 1028, 800. — 'H NMR: § = 3.77 (dd,>*! 4 H,
PCH,P), 7.05-7.90 (m, 25 H, 5 Ph). — '3C NMR: & = 32.57
(dd,¥ PCH,P), 128.04 (d, 3Jpc = 12.4 Hz, m'CH), 128.37, 128.55
(2 d, 3Jpc = 12.3 Hz, 3Jpc = 12.5 Hz, mCH), 130.40 (d, 2Jpc = —
Hz, o’CH), 130.73, 131.03 (2 d, 2Jpc = 10.0 Hz, 2Jpc = 10.3 Hz,
oCH), 131.61, 131.89 (2 d, *Jpc = 2.9 Hz, “Jpc = 3.0 Hz, p'CH),
131.79 (d, *Jpc = — Hz, p’CH), 132.47, 133.05 (2 dd, 3Jpc =
2.8 Hz, 3Jpc = 3.0 Hz, 'Jpc = 103.9 Hz, 'Jpc = 105.2 Hz, iC). —
3P NMR: 8 = 27.09 (d, 2J,, = 12.0 Hz, 2 PPh,), 28.57 (t, 2/, =
12.0 Hz, P=0). — MS EI; m/z (%): 554 (14), 477 (75), 121 (100).

2,4,6-Triphenyl-2,4,6-triphosphaheptane Trioxide (8b) (as a mixture
of meso- and chiral compounds): Reaction according to Procedure 1
with dimethylphenylphosphane oxide and dichlorophenylphos-
phane gave 74% of 8b as colorless crystals. — IR (KBr): ¥ = 3060
cm™ 1, 2920, 2880, 1438, 1185, 1115, 1070, 892, 810, 742, 692, 485.
— '"H NMR: & = 1.61, 1.72, 2.00 (3 d, 2Jyp = 13.5Hz, 2Jyp =
13.5Hz, 2Jyp = 13.7 Hz, 6 H, CH3), 2.70—3.63 (m, 4 H, PCH,P),
7.10—7.95 (m, 15 H, 3 Ph). — 3'P NMR (CD;0D, C¢Hg): § =
32.77 (t, 2, = 14.0 Hz, P=0 meso 1), 33.67 (t, 2J,,, = 12.9 Hz,
P=0 meso 2), 34.10 (t, °J,, = 142 Hz, P=0 chiral), 37.25 (d,
2J,p = 14.0 Hz, PPhMe meso 1), 37.40 (d, 2J,, = 14.2 Hz, PPhMe
chiral), 38.34 (d, 2J,, = 12.9 Hz, PPhMe meso 2), 39.20 (d, 2J,,, =
14.4 Hz, PPhMe chiral). — MS EI; m/z (%): 430 (4), 415 (40), 277
(80), 137 (100). — C5,H,505P; (430.4): Calcd. C 60.0, H 6.1, O
12.9; found C 59.7, H 5.9, O 12.4.

5,9-Dibutyl-6,8-dipropyl-5,7,9-triphosphatridecane  Trioxide (8c):
Reaction according to Procedure I with tributylphosphane oxide
and dichlorophenylphosphane gave 83% yield of 8¢ as a viscous
oil. Chromatographic separation using AcCOEt/MeOH (97:3) as elu-
ent gave 8cc and 8cm in 56% and 22% yield respectively.

meso-Compound 8cm: viscous oil. — IR (KBr): v = 2960 cm™!,

2925, 2880, 1260, 1180, 1100, 1040, 1020, 905, 865, 820, 715. — 'H
NMR: § = 0.78, 0.82, 0.93 (3 t, 3y = 7.0 Hz, 3Juy = 7.2 Hz,
un = 69Hz, 18 H, 6 CHy), 1.07-2.40 (m, 32 H, CH,),
3.20—3.80 (m, 2 H, PCHP), 7.45—7.60, 7.78—7.93 (2 m, 5 H, Ph).
— 13C NMR: & = 13.51, 13.69, 14.29 (s, CHj), 23.41, 23.47, 23.78,
23.88, 23.98, 24.12, 24.27, 24.43, 26.88 (CH,), 28.37, 28.62 (2 d,
pe = 66.8 Hz, 'Jpe = 64.1 Hz, PCH,), 38.26 (dd,?¥ PCH,P),
128.49 (d, 3Jpc = 11.2 Hz, mCH), 131.04 (d, 'Jpc = 83.8 Hz, iCH),
131.79 (d, 2Jpc = 8.3 Hz, oCH), 131.04 (s, pCH). — 3'P NMR: § =
42.69 (t, 2Jpp = 4.5 Hz, P=0), 52.45 (d, %J,,, = 4.5 Hz, Bu,P=0).
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— MS EL mi/z (%): 558 (10), 528 (15), 500 (27), 341 (63), 217 (100),
201 (84).

Chiral Compound 8cc: Colorless crystals, m.p. 87—88°C. — IR
(KBr): ¥ = 2960 cm ™1, 2930, 2870, 1465, 1190, 1165, 812, 800; 720.
— 'TH NMR: 8 = 0.65,0.74 2 t, 3Jyy = 7.0 Hz, 3Jyy = 7.0 Hz, 6
H, 2 nPr CHj3), 0.78—0.96 (m, 12 H, 4 nBu CH;), 1.08—2.33 (m,
32 H, 16 CH,), 4.09 (m, 1 H, PCHP), 4.58 (ddt, 2Jyp = 18.5 Hz,
2Jup = 24.6Hz, 3Jyy = 6.0Hz, 1 H, PCHP), 7.38-7.55,
8.00—8.17 (2 m, 5 H, Ph). — 3C NMR: § = 13.57, 13.63, 13.76 (3
s, 4 nBu CH;), 14.07, 14.20 (2 s, 2 nPr CH3), 23.25, 23.33, 23.48,
23.54, 23.63, 23.70, 23.77, 23.84, 24.05, 24.26, 24.33, 24.55, 24.76
(CH,), 29.00, 29.11, 30.54, 30.64 (4 d, 'Jpc = 64.8 Hz, Jpc =
64.8 Hz, 'Jpc = 66.6 Hz, 'Jpc = 66.6 Hz, 4 PCH,), 37.71 (dd,4
PCH,P), 39.99 (dd,* PCH,P), 128.13 (d, *Jpc = 13.0 Hz, mCH),
131.54 (d, 'Jpc = 85.5 Hz, iCH), 131.91 (d, *Jpc = 2.6 Hz, pCH),
132.83 (d, 2Jpc = 9.4 Hz, oCH). — *'P NMR: § = 46.87 (dd, 2J,,, =
1.3 Hz, 2J,, = 10.2 Hz, P=0), 49.35 (d, 2J,, = 1.3 Hz, Bu,P=0),
54.96 (d, 2J,, = 10.2 Hz, Bu,P=0). — MS EL m/z (%): 558 (2),
529 (14), 501 (22), 341 (62), 217 (100), 201 (75). — C30Hs;05P3
(646,7): Caled. C 64.5, H 10.3, O 8.6; found C 64.5, H 10.5, O 9.0.

1,1,3,5,5-Pentaphenyl-1,3,5-triphosphapentane 1,5-Disulfide 3-Ox-
ide (8d): Reaction according to Procedure I with diphenylmeth-
ylphosphane sulfide and dichlorophenylphosphane gave 24% of 8d
as colorless crystals, m.p. 251—252°C. — IR (KBr): v = 3053 cm ™!,
2933, 2900, 2856, 1436, 1213. — '"H NMR: § = 3.94, 4.12 (m,*¥ 4
H, PCH,P), 7.08—7.92 (m, 25 H, 5 Ph). — 3C NMR: § = 35.37
(dd,4 PCH,P), 128.1 (d, 3Jpc = 12.6 Hz, m'CH), 128.4, 128.6 (2
d, 3Jpc = 10.5Hz, 3Jpc = 10.6 Hz, m'CH), 130.7 (d, 2Jpc =
10.0 Hz, o'CH), 131.2, 131.3 (d, 2Jpc = 10.9 Hz, 2Jpc = 11.2 Hz,
oCH), 131.4, 131.6 (d, *Jpc = 2.8 Hz, *Jpc = 3.1 Hz, pCH), 131.8
(d, *Jpc = 2.9 Hz, p'CH), 132.4, 133.3 (2 dd, 3Jpc = 2.8 Hz, Jpc =
85.3 Hz, 3Jpc = 3.2 Hz, Jpc = 85.7 Hz, iC), 132.62 (td, 3Jpc =
2.2Hz, 'Jpc = 86.3Hz, i'C). — 3P NMR: § = 26.8 (t, 2J,, =
12.0 Hz, 2 P=0), 34.4 (d, 2J,, = 12.0 Hz, P=S).

General Procedure II: A stirred mixture, under nitrogen, of tris(hyd-
roxymethyl)phosphane (1.3 equiv.) and alkyl bromides (1 equiv.,
0.3 mol-L™") in acetonitrile was heated for 4 h. The reaction mix-
ture was extracted with hexane (to remove alkylbromine). The
acetonitrile layer was concentrated. After addition of 30 mL of
water, the reaction mixture was extracted with CH,Cl,, dried, and
concentrated. The phosphonium salt was used without further
purification.

To a stirred mixture of phosphonium salt (1 equiv., 0.3 mol-L™")
in ethanol, a solution of sodium hydroxide (1.5 equiv., 0.4 mol-L~")
was added and refluxed for 2 h. Ethanol was removed and the resi-
due was extracted with CHCIl;. Organic layers were neutralized
with 1 N HCI, dried (Na,SO,), and concentrated in vacuum.

Bis(hydroxymethyl)dodecylphosphane Oxide (14a): Reaction ac-
cording to Procedure II with 1-bromododecane, purification by
recrystallisation in AcOEt, gave 91% yield of 14a as colorless crys-
tals, m.p. 77.5°C. — IR (KBr): v = 3250 cm™!, 2915, 2850, 1469,
1115, 1059, 875, 482, 452. — "H NMR: § = 0.88 (t, *Jyu = 6.2 Hz,
3 H, '>CH;), 1.20—1.38, 1.52—1.77 (2m, 22 H, '"!'CH,),
3.91-4.07 (m, 4 H, PCH,OH). — '3C NMR: § = 14.09 (s, '>’CH3),
20.69 (d, 2Jpc = 4.4 Hz, 2CH,), 22.67 (s, ''CH,), 22.81 (d, Jpc =
60.8 Hz, 'CH,), 29.13, 29.34, 29.44, 29.63 (4 s, *"°CH,), 31.13 (d,
3Jpc = 12.9 Hz, 3CH,), 31.90 (s, '°CH,), 56.40 (d, 'Jpc = 76.4 Hz,
PCH,0H). — 3P NMR: § = 52.7 (s). — MS FAB™(GT); m/z (%):
279 (100) [M + H]*, 263 (7), 249 (5), 55 (18), 41 (23).

Bis(hydroxymethyl)-8-phenoxyoctylphosphane Oxide (14b): Reac-
tion according to Procedure II with 8-bromo-phenoxyoctane, puri-
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fication by recrystallisation in CH,Cl,/hexane, gave 62% yield of
14b as colorless crystals, m.p. 100.5—101°C. — IR (KBr): v = 3260
cm~ 1, 3050, 2990, 2920, 2840, 2775, 1595, 1580, 1495, 1485, 1460,
1245, 1220, 1215, 1180, 1130, 1075, 1035, 1025, 905, 790, 690. —
'H NMR ([D¢]DMSO): § = 1.26—1.39, 1.57—1.82 (2m, 14 H,
1"7CH,), 3.74 (m, 4 H, PCH,0), 3.91 (t, 3Jyy = 6.4 Hz, CH,),
5.26 (broad s, 2 H, OH), 6.84—6.90 (m, 3 H, opCH), 7.19-7.27
(m, 2 H, mCH). — 3C NMR ([Dg]DMSO): § = 20.38 (d, 2Jpc =
4.0 Hz, 2CH,), 22.21 (d, Jpc = 65.8 Hz, 'CH,), 25.47 (s, "CH,),
28.56, 28.65 (2 s, #3°CH,), 30.47 (d, 3Jpc = 12.3 Hz, 3CH,), 56.17
(d, "Jpc = 77.4 Hz, PCH,0), 67.12 (s, 8CH,), 114.15 (s, oCH),
120.09 (s, pCH), 129.17 (s, mCH), 158.6 (s, iC). — 3'P NMR: § =
51.4 (s).

Bis(hydroxymethyl)-8-o-nitrophenoxyoctylphosphane Oxide (14c):
Reaction according to Procedure II with 8-bromo-o-nitrophenoxy-
octane, purification by column chromatography, eluent AcOEt/
EtOH (80:20), gave 77% yield of 14c as a yellow oil. — IR (Film):
v = 3250 cm™!, 2930, 2858, 1606, 1521, 1350, 1280, 1255, 1165,
1140, 1045, 748. — '"H NMR: § = 1.21—1.84 (m, 14 H, ' "'CH,),
3.84—4.08 (m, 6 H, OCH,, 2 PCH,0), 6.98 (m, 3Jyy = 7.9 Hz,
3Juu = 8.3 Hz, 1 H, “CH), 7.05 (m, *Jyy = 8.7 Hz, 1 H, °CH),
7.49 (m, 3Jyy = 7.9 Hz, 3Jyy = 8.7 Hz, “Jyy = 1.6 Hz, 1 H, °CH),
7.80 (dd, *Jyuy = 8.3 Hz, “Jyy = 1.6 Hz, 1 H, 3CH). — 3C NMR:
8 = 20.6 (d, 2Jpc = 4.4 Hz, 2CH,), 22.8 (d, 'Jpc = 60.8 Hz, 'CH»),
25.7 (s, °CH,), 28.8, 28.9 (2 s, #>°CH,), 30.9 (d, 3Jpc = 13.0 Hz,
3CH,), 56.7 (d, "Jpc = 76.1 Hz, PCH,OH), 69.6 (s, 3CH,), 114.5
(s, °CH), 120.0 (s, “CH), 125.4 (s, *CH), 134.0 (s, °CH), 139.9 (s,
2C), 1524 (s, 'C). — 3P NMR: § = 50.5 (s).

General Procedure III: Phosphorus pentachloride (2.2 eq) was ad-
ded slowly to a stirred mixture of bis(hydroxymethyl)phosphane
oxides (1 equiv., 0.1 mol-L™") in CHCl;. HCI gas was trapped by
a sodium hydroxide solution. The reaction mixture was heated for
2 h and cautiously hydrolyzed by 10 equiv. of water after cooling.
After extraction with CH,Cl,, organic layers were neutralized by
Na,CO; solution, dried (Na,SO,), and concentrated in vacuum.
The crude product was purified by column chromatography or
recrystallisation.

Bis(chloromethyl)dodecylphosphane Oxide (15a): Reaction accord-
ing to Procedure III with 14a, recrystallisation in hexane, gave 88%
yield of 15a as colorless crystals, m.p. 64°C. — IR (film): ¥ = 2990
cm™ 1, 2970, 2920, 2850, 1470, 1455, 1410, 1395, 1245, 1229, 1212,
1180, 1135, 1120, 869, 831, 732, 720, 688. — '"H NMR: § = 0.87
(t, *Jugn = 6.27 Hz, 3 H, 2CH3), 1.22—1.41, 1.62—1.72, 1.94-2.02
(3m, 22 H, '"''CH,), 3.71, 3.78 (m, *Jyy = —13.8 Hz, 2Jpy =
5.6 Hz, 2Jpy = 7.8 Hz, 4 H, PCH,CI). — 3C NMR: § = 14.07 (s,
12CH3), 20.78 (d, 2Jpc = 4.5 Hz, 2CH,), 22.65 (s, ''CH,), 24.01 (d,
1Jpc = 70.4 Hz, 'CH,), 28.97 (s, °CHs>), 29.28 (d, *Jpc = 1.5 Hz,
4CH,), 29.50, 29.57 (s, > 3CHs), 30.84 (d, *Jpc = 14.1 Hz, *CH,),
31.87 (s, '°CHs), 33.78 (d, 'Jpc = 68.3 Hz, PCH,Cl). — 3P NMR:
d = 45.6 (s).

Bis(chloromethyl)-8-phenoxyoctylphosphane Oxide (15b): Reaction
according to Procedure I1I with 14b, purification by column chro-
matography, eluent CH,Cl,/MeOH (95:5, Ry = 0.4), gave 93% yield
of 15b as colorless crystals, m.p. 62°C. — IR (KBr): v = 2920 cm ™!,
2848, 1598, 1579, 1493, 1470, 1391, 1286, 1246, 1232, 1168, 1143,
1029, 838, 817, 751, 688. — 'H NMR: § = 1.35—1.54, 1.64—1.80,
1.92—2.06 (3 m, 14 H, '""CH,), 3.70, 3.77 (m, 2Juy = —13.9 Hz,
2Jpy = 5.6 Hz, 2Jpy = 7.8 Hz, 4 H, PCH,CI), 3.94 (t, 3Jyy =
6.4 Hz, 2 H, 8CH,), 6.86—6.96 (m, 3 H, o,pCH), 7.23—7.31 (m, 2
H, mCH). — 3C NMR: § = 20.75 (d, 2Jpc = 4.5 Hz, 2CH,), 23.91
(d, 'Jpc = 70.4 Hz, 'CH,), 25.94 (s, "CH,), 28.88, 28.99, 29.19 (s,
476CH,), 30.70 (d, 3Jpc = 14.2Hz, 3CH,), 33.82 (d, Jpc =
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68.2 Hz, PCH,CI), 67.67 (s, *CH.), 114.45 (s, oCH), 120.45 (s,
pCH), 129.38 (s, mCH), 159.05 (s, iC). — 3'P NMR: & = 45.3 (s).

Bis(chloromethyl)-8-o-nitrophenoxyoctylphosphane Oxide (15c¢): Re-
action according to Procedure I1I with 14c, purification by column
chromatography, eluent CH,Cl,/MeOH (90:10, Ry = 0.7) gave 15¢
in 88% yield, as colorless crystals. — IR (film): ¥ = 3600—3000
cm~ !, 2930, 2858, 1606, 1521, 1280, 1255, 1165, 1140, 1045, 858,
748. — 'H NMR: § = 1.35-1.52, 1.63—1.84, 1.95-2.08 (3 m, 14
H, '"7CH,), 3.73, 3.79 (m, 2Jyy = —13.8Hz, %Jpy = 5.6 Hz,
2Jpy = 7.8 Hz, 4 H, PCH,CI), 4.08 (t, 3Jyy = 6.2 Hz, 2 H, 3CH,),
6.99 (m, 3Jyy = 7.6 Hz, 3Jyy = 8.0Hz, 1 H, “CH), 7.05 (m,
3Juu = 8.3 Hz, 1 H, °CH), 7.49 (m, 3Jyy = 7.6 Hz, 3Juy = 8.3 Hz,
“Jyu = 1.5Hz, 1 H, °CH), 7.79 (dd, 3Jyy = 8.0Hz, “Jyy =
1.5Hz, 1 H, 3CH). — 3*C NMR: § = 20.6 (d, 2Jpc = 4.4 Hz, 2CH,),
22.8 (d, Jpc = 60.8 Hz, 'CH,), 25.7 (s, "CH,), 28.8, 28.9 (2 s,
476CH,), 30.9 (d, 3Jpc = 13.0 Hz, 3CH,), 56.7 (d, 'Jpc = 76.1 Hz,
PCH,CI), 69.6 (s, 3CH,), 114.5 (s, °CH), 120.0 (s, “CH), 125.4 (s,
3CH), 134.0 (s, °CH), 139.9 (s, 2C), 152.4 (s, 'C). — 3'P NMR: § =
45.7 (s). — MS FAB* (NBA): m/z = 397 (70%) [M + H]", 363
(16), 258 (33), 55 (100).

General Procedure 1V: A stirred mixture of chloromethylphosphane
oxides (1 equiv.) and tricoordinated phosphorus ester (1.2 equiv.
per chloromethyl function), under nitrogen is heated at 150°C for
5 to 20 h. Excess phosphorus ester is removed by vacuum distil-
lation. The residue is purified by chromatography.

Compounds 12a and 12b were prepared according to Procedure IV
with 11 and ethyldiphenyl phosphinite and triethylphosphite in
31% and 83% yields, respectively. Spectrometric data are given in
reference !4,

3-(1'-Dodecyl)-1,1,5,5-tetraphenyl-1,3,5-triphosphapentane  1,3,5-
Trioxide (16a): Reaction according to Procedure IV with ethyldi-
phenylphosphinite and 15a, heating for 3 h. Chromatographic sep-
aration with AcOEt/MeOH (95:5) eluent gave 16a in 84% yield. —
IR (Film): v = 3140 cm™!, 3055, 3010, 2922, 2850, 1188. — 'H
NMR: § = 0.88 (t, 2Jyuy = 6.4 Hz, 3 H, '¥CH;), 0.91-1.05,
1.12—1.41, 1.70—1.86 (3m, 22 H, V" "1V'CH,), 3.23, 3.63 (2 m,[*1 4
H, PCH,P), 7.40—7.57, 7.72—7.89 (2m, 20 H, CH PPh,). — 13C
NMR: § = 14.11 ( s, '¥CHj3), 20.99 (d, 2Jpc = 4.6 Hz, CH,),
22.67 (s, ''CH,), 28.99, 29.32, 29.53, 29.58, 29.60 (5 s, *2'CHs,),
30.67 (d, 3Jpc = 16.4 Hz, ¥CH,), 31.39 (dd,* PCH,P), 31.90 (s,
1'CH,), 32.61 (d, 'Jpc = 71.3 Hz, "CH,), 128.69, 128.75 (2 d,
3Jpc = 12.4 Hz, 3Jpc = 12.2 Hz, mCH), 130.93, 131.09 (2 d, 2Jpc =
10.4 Hz, 2Jpc = 10.2 Hz, oCH), 131.92, 131.97 (2 d, *Jpc = 2.6 Hz,
4Jpc = 2.7 Hz, pCH), 132.99, 133.00 (2 dd, 'Jpc = 104.1 Hz 3Jpc =
2,5Hz, 'Jpc = 104.8 Hz 3Jpc = 2.6 Hz, iC). — 3P NMR: § =
25.86 (d, 2J,, = 12.5 Hz, 2 PPh,), 39.60 (t, 2J,, = 12.5 Hz, 1 P(O)).
— MS FAB*(NBA); m/z (%): 646 (100) [M + H]", 431 (9), 401
(6), 263 (18), 215 (25), 199 (47). — C3gH,4905P5 (646,7): Caled. C
70.6%, H 7.6%, O 7.4%; found C 70.1, H 7.8, O 7.9.

(8'-Phenoxyoctyl)-1,1,5,5-tetraphenyl-1,3,5-triphosphapentane-
1,3,5-Trioxide (16b): Reaction according to Procedure IV with
ethyldiphenylphosphinite and 15b, heating for 3 h. Chromato-
graphic separation with AcOEt/MeOH (95:5) eluent gave 15b in
85% yield. — 'H NMR: § = 1.01—-1.43, 1.65-1.85 2m, 14 H,
"=7CH,), 3.23, 3.63 (m,?¥, 4 H, PCH,P), 3.92 (t, 2Jyy = 6.5 Hz,
2 H, ¥CH,), 6.87—-6.92, 7.18—7.28 (2m, 5 H, PhO), 7.26—7.51,
7.72—7.84 (2m, 20 H, PPh,). — 3C NMR: § = 20.95 (d, 2Jpc =
4.6 Hz, 2 CH>), 25.94 (s, 7CH>), 28.87, 29.03, 29.20 (3 5, ¥ ~¢'CH,),
30.55 (d, 3Jpc = 16.5 Hz, ¥CH.), 31.34 (dd,**! PCH,P), 32.53 (d,
1Jpc = 70.2 Hz, 'CH,), 67.76 (s, ¥ CH,), 114.48 (s, o'CH), 120.49
(s, p’CH), 128.72, 128.79 (2 d, 3Jpc = 12.5Hz, 3Jpc = 12.3 Hz,
mCH), 130.92, 131.06 (2 d, 2Jpc = 9.8 Hz, 2Jpc = 10.3 Hz, oCH),
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131.87, 131.92 (2 d, *Jpc = 2.7 Hz, “Jpc = 2.8 Hz, pCH), 132.97,
132.99 (2 dd, Jpe = 103.6 Hz, 3Jpc = 2.4 Hz, Upc = 104.8 Hz,
3Jpc = 2.6 Hz, iC), 159.08 (s, i'C). — 3'P NMR: § = 26.6 (d, 2J,,, =
12.5Hz, 2 PPhy), 40.4 (t, 2J,, = 12.5Hz, P(O)). — MS FAB*
(NBA): m/z (%) = 683 (85) [M + HJ*, 215 (37), 199 (100).

Bis(2,5,8,11-tetraoxadodecyl)-0, O’ -diethylphosphonomethylphos-
phane Oxide (17a): Reaction according to Procedure IV with trie-
thylphosphite and bis(2,5,8,11-tetraoxadodecyl)chloromethylphos-
phane oxide, heating for 16 h. Chromatographic separation with
AcOEt/MeOH (95:5) eluent gave 17a in 89% yield. — IR (Film):
v = 2880—2870 cm™!, 1247, 1105, 1054, 1022, 967, 821. — 'H
NMR: § = 1.26 (t, 3Jyy = 7.1 Hz, 6 H, 2 CHj3), 2.42 (dd,!**1 2 H,
PCH,P), 3.29 (s, 6 H, '>CHj;), 3.43—3.48 (m, 4 H, '°CH,),
3.53—3.58 (m, 16 H, #%7°CH,), 3.67—3.72 (m, 4 H, 3CH,), 3.97
(d, 2Jup = 5.2 Hz, 4 H, 'CH,), 4.01-4.14 (m, 4 H, 2 POCH,). —
13C NMR: § = 16.29 (d, 3Jpc = 6.4Hz, CH3), 23.02 (dd,*4
PCH,P), 58.92 (s, '>CH3), 62.48 (d, 2Jpc = 6.3 Hz, POCH,), 66.28
(dd, "Jpe = 84.0 Hz, 3Jpc = 4.2 Hz, 'CH,), 70.20, 70.46, 70.49,
70.54 (4 s, +%7°CH,), 71.86 (s, '°CH,), 72.99 (d, 3Jpc = 9.5 Hz,
3CH,). — 3'P NMR: & = 21,62 (d, 2Jpp = 12,6 Hz, phosphonate),
38,51 (d, 2Jpp = 12,6 Hz, phosphane oxide).

Bis(0,0’-diethylphosphonomethyl)-2,5,8,11-tetraoxadodecylphos-
phane Oxide (17b): Reaction according to Procedure IV with trie-
thylphosphite and bis(chloromethyl)-2,5,8,11-tetraoxadodecylphos-
phane oxide, heating for 21 h. Chromatographic separation with
AcOEt/MeOH (95:5) as eluent gave 86% yield. — IR (Film): ¥V =
2980 cm ™!, 2935, 2905, 1243, 1198, 1100, 1049, 1024, 970, 820. —
'H NMR: § = 1.24 (t, 3Jyy = 7.1 Hz, 12 H, 4 CH3), 2.62, 2.70
(2m,?3 4 H, PCH,P), 3.26 (s, 3 H, '?CH3), 3.41—3.46 (m, 2 H,
1°CH,), 3.51—3.58 (m, 8 H, #%79CH,), 3.65—3.71 (m, 4 H, °*CH,),
4.00—4.16 (m, 10 H, 'CH,, POCH,). — '3C NMR: § = 15.98 (d,
3Jpc = 6.5 Hz, CH3), 25.60 (ddd,”* PCH,P), 58.55 (s, '>CHj),
62.16 (d, 2Jpc = 6.3 Hz, POCH,), 67.81 (td, 'Jpc = 89.5Hz,
3Jpc = 2.8 Hz, 'CHs,), 69.84, 70.15, 70.19, 70.26 (4 s, >7°CH,),
71.60 (s, '°CHs,), 72.58 (d, 3Jpc = 10.9 Hz, *CH,). — 3'P NMR: § =
20.96 (d, 2Jpp = 10.1 Hz, phosphonate), 34.65 (t, 2Jpp = 10.1 Hz,
phosphane oxide). — MS FAB* (NBA); m/z (%): 527 (100)
[M + H]*, 499 (5), 425 (4), 199 (28), 59 (98).

General Procedure V: A stirred mixture of phosphonate (0.3
mol-L™") in HCI 37% is refluxed at 100°C for 6 h. The excess HCI
and water were removed by vacuum distillation. After addition of
the same quantity of ethanol, the mixture is concentrated by vac-
uum in order to removed the traces of HCI. This last step was
repeated three times.

Bis(phosphonomethyl)-2,5,8,11-tetraoxadodecylphosphane Oxide
(18a): Reaction according to Procedure V. 18a was obtain as a vis-
cous oil in 98% yield. — 'H NMR (D,0): § = 2.76 (dd,!>31 4 H,
PCH,P), 3.36—3.84 (m, 15 H, 3*%7%1°CH,, 2CHj3), 4.15 (d,
2Jup = 49 Hz, 2 H, PCH,0). — 3C NMR (D,O): § = 29.11
(ddd, 4 PCH,P), 60.75 (s, '2CH3), 63.08 (s, CH,), 69.95 (d, 'Jpc =
88.7 Hz, 'CH,), 72.12, 72.38 (2's, ®7°CH,), 72.21 (d, *Jpc = 5.6 Hz,
4CH,), 74.38 (s, 8CH,), 75.19 (d, 3Jpc = 11.5Hz, 3CH,). — 3'P
NMR ([Dg]DMSO): § = 16.94 [d, 2J,, = 14.0 Hz, P(OH),], 43.00
(t, 2Jpp = 14.0 Hz, PR;). — MS FAB* (NBA); m/z (%): 415 (18)
[M + H]*, 401 (25), 307 (23).

Tris(phosphonomethyl)phosphane Oxide (18b): Reaction according
to Procedure V. 18b was obtain as a viscous oil in 98% yield. — 'H
NMR ([Dg]DMSO): § = 2.75 (dd,?3 PCH,P), 9.22 (broad s, OH).
— IBC NMR ([Dg]DMSO): § = 29.88 (dd,** PCH,P). — 3'P NMR
(ID]DMSO): 8 = 15.23 [d, 2J,, = 10.6 Hz, 3 P(OH),], 32.66 (q,
2J,p = 10.6 Hz, PR3). — MS FAB~ (NBA); m/z (%): 331 (100)
[M — H™], 313 (28), 295 (69), 277 (5), 235 (5), 217 (14).
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Bis(0,O’-diethylphosphonomethyl)chloromethylphosphane Oxide
(19): Reaction according to Procedure IV with triethylphosphite
and 11, and heating for 3 h. Chromatographic separation with Ac-
OEt/MeOH (95:5) eluent gave 19 in 19% yield as a colorless solid,
m.p. 104°C. — '"H NMR: § = 1.30 (t, 3Jgy = 7.1 Hz, 12 H, CH,),
2.77 (dd,¥1 4 H, PCH,P), 3.93 (d, 2Jpyy = 7.0 Hz, 2 H, PCH,CI),
4.13 (m, 8 H, POCH,). — 3*C NMR: § = 16.24 (d, 3Jpc = 6.6 Hz,
CH3), 25.92 (ddd,”* PCH,P), 37.86 (td, 'Jpc = 73.9 Hz, 3Jpc =
3.4 Hz, PCH,CI), 62.8, 62.9 (2 d, 2Jpc = 6.6 Hz, 2Jpc = 7.1 Hz,
POCH,). — *'P NMR: § = 18.59 (d, 2/, = 14.0 Hz, phosphonate),
32.59 (t, 2J,p = 14.0 Hz, phosphane oxide). — MS FAB* (NBA);
miz (%): 399 (100) [M + H]*, 371 (4), 269 (8).

Chloromethyl(diphenylphosphanylmethyl)dodecylphosphane Dioxide
(20): Reaction according to Procedure IV with 1 equiv. of ethyldi-
phenylphosphinite and 1 equiv. of 15a, heated for 5 h. Chromato-
graphic separation with AcCOEt/MeOH (95:5) eluent gave 52% yield
of 20 as colorless crystals, m.p. 105—107°C. — IR (KBr): ¥ = 3077
cm™ !, 3022, 3004, 2954, 1238, 1220, 839, 747, 592, 560. — 'H
NMR: § = 0.86 (t, 2Jyy = 6.4Hz, 3 H, '>CH;), 1.19—-1.22,
1.41—-1.54 (2 m, 20 H, 2CH, to ''CH,), 1.90—1.98 (m, 2 H, 'CH,),
3.01, 3.10 (m,?3 2 H, PCH,P), 3.67, 3.85 (m, 'Jyy = —13.5 Hz,
2Jpy = 6.1 Hz, 2Jpy = 7.4 Hz, 2 H, PCH,CI), 7.46—7.53 (m, 6 H,
0,pCH), 7.75—7.83 (m, 4 H, mCH). — 3C NMR: § = 14.1 (s,
12CH3), 20.9 (d, 2Jpc = 4.6 Hz, 2CH,), 22.6 (s, ''CH,), 27.7 (dd,
Jpc = 70.5 Hz, 3Jpc = 1.2 Hz, 'CH,), 28.4 (dd,>¥ PCH,P), 28.7,
29.3, 29.4 (s, * °CH,), 30.5 (d, 3Jpc = 15.4Hz, 3CH,), 31.7 (s,
1°CH,), 37.2 (d, "Jpc = 67.2Hz, PCH,Cl), 128.6, 128.7 (2 d,
3Jpc = 12.5 Hz, 3Jpc = 12.4 Hz, mCH), 130.4, 130.6 (2 d, *Jpc =
10.4 Hz, 2Jpc = 10.2 Hz, oCH), 132.0, 132.1 (2 d, *Jpc = 2.6 Hz,
4Jpc = 2.7 Hz, pCH), 132.5, 132.8 (2 dd, 'Jpc = 104.1 Hz, 3Jpc =
2,0 Hz, "Jpc = 104.8 Hz, 3Jpc = 2.7 Hz, iC). — 3'P NMR: § =
25.1(d, 2J,p, = 11.1 Hz, PPh,), 43.8 (d, 2J,, = 11.1 Hz, P). — MS
FAB" (NBA); m/z (%): 481 (100) [M + H]*, 263 (17), 215 (12),
199 (28). — CysH39ClO,P, (481,0): Caled. C 64.9, H 8.8; found C
64.9, H 8.8.

(0,0'-Diethylphosphonomethyl)(diphenylphosphanylmethyl)dode-
cylphosphane Dioxide (21): Reaction according to Procedure IV
with 20 and triethyl phosphite, heated for 8 h. Chromatographic
separation with AcOEt/MeOH (95:5) eluent gave 94% yield of 21
as a viscous oil. — "H NMR: § = 0.78 (t, 2Jyy = 6.45Hz, 3 H,
12CH3;), 1.07—-1.28, 1.30—1.42 (m, 24 H, 2"''CH,, OCH,CH,),
1.72—1.86 (m, 2 H, 'CH.), 2.73, 2.80 [2 m,[**! 2 H, PCH,P(OEt),],
3.13, 359 (2m,2 2 H, PCH,PPh,), 3.97—-4.17 (m, 4 H,
POCH,),7.34—7.44 (m, 6 H, opCH), 7.67—7.78 (m, 4 H, mCH).
— BC NMR: § = 14.02 (s, 1?CH3), 16.19, 16.24 (2 d, *Jcp = 6.6 Hz,
3Jcp = 6.4 Hz, OCH,CH3), 20.96 (d, 2Jpc = 4.6 Hz, 2CH,), 22.58
(s, ""CH,), 28.40 [dd,* PCH,P(OEt),], 28.96 (d, *Jpc = 0.8 Hz,
4CH,), 29.23, 29.44, 29.50 (3 s, > °CH,), 30.23 (dd,*¥ PCH,PPh,),
30.65 (d, 3Jpc = 16.15Hz, 3CH,), 31.74 (dd, 'Jpc = 71.4 Hz,
3Jpc = 4.9 Hz, 'CH,), 31.81 (s, '°CHs,), 62.01, 62.75 (2 d, 2Jpc =
6.2Hz, 2Jpc = 6.0 Hz, POCH,), 128.69, 128.73 (2 d, 3Jpc =
12.5Hz, 3Jpc = 12.1 Hz, mCH), 130.77, 130.87 (2 d, %Jpc =
10.3 Hz, 2Jpc = 9.8 Hz, oCH), 132.03, 132.10 (2 d, *Jpc = 3.0 Hz,
4Jpc = 2.9 Hz, pCH), 132.86, 133.37 (2 dd, 'Jpc = 103.3 Hz,
3Jpc = 1.8 Hz, Jpe = 104.8 Hz, 3Jpc = 3.3 Hz, iC). — 3'P NMR
([Dglacetone): & = 20.67 (d, 2J,, = 10.1 Hz, P(OEt),), 22.32 (d,
2J,» = 11.8 Hz, PPhy), 34.99 (dd, 2J,,, = 11.8 Hz, 2J,, = 10.1 Hz,
P=0).

11 1al J F. Dozol, H. Rouquette, H. J. Cristau, P. Mouchet, French
Patent n° 9315295, 1993. — [Pl H_ J. Cristau, P. Mouchet, J. F.
Dozol, H. Rouquette, Heteroatom Chem. 1995, 6, 533—544.

Eur. J. Org. Chem. 1999, 1561 —1569



Facile and General Synthesis of Polyphosphane Polyoxides with (O)PCP(O) Linkages

FULL PAPER

[2]

3

[4
[51

[6

[7

[8]

[10]

[11]

H. J. Cristau, D. Virieux, J. F. Dozol, H. Rouquette, J. Radio-
analytical Nuclear Chem., in press.

Bal H. Blum, J Prakt. Chem. 1994, 336, 492—499. — PP T,
Klenner, P. Valenzuela-Paz, F. Amelung, H. Miinch, H. Zahn,
B. K. Keppler, H. Blum, Metal complexes in cancer chemo-
therapy, Weinheim, Verlag Chemie, 1993, p. 85. — B M. D.
Francis, R. R. Martodam, “Chemical, Biochemicals and Med-
icinal Properties of the Diphosphonates”, in The Role of Phos-
phonates in Living Systems (Ed.: R. L. Hilderbrand), CRC
Press, Boca Raton, Florida, 1983, 55—96.

J. J. Richard, C. V. Banks, J. Org. Chem. 1963, 123—125.

B5al 1. Maier, Angew. Chem. Internat. Edit. 1968, 7, 385—386. —
581 T. Ya. Medved, Yu. M. Polykarpov, S. A. Pisareva, E. I.
Matrosov, M. 1. Kabachnik, Bull. Acad. Sci. USSR 1968, 9,
2062. — el L. Maier, Helv. Chim. Acta 1969, 52, 845—857.

G. V. Bodrin, A. G. Matveeva, M. 1. Terekhova, E. 1. Matrosov,
E. S. Petrov, Y. M. Polikarpov, M. 1. Kabachnik, Bull. Acad.
Sci. USSR 1991, 810—819

7al S, O. Grim, L. C. Satek, J. D. Mitchell, Z. Naturforsch., Teil
B 1980, 35, 832—837. — "M H. H. Karsch, Chem. Ber. 1982,
115, 818—822. — 7' S, O. Grim, P. H. Smith, 1. J. Colquhoun,
W. McFarlane, Inorg. Chem. 1980, 19, 3195—3198.

D. Levin, S. Warren, Tetrahedron Lett. 1985, 26, 505—508.

H. J. Cristau, Chem. Rev. 1994, 94, 1299—1313.

10a] B E. Aboujaoude, S. Lietge, N. Collignon, M. P. Teulade,
P. Savignac, Tetrahedron Lett. 1985, 26, 4435—4438. — 1061 M P.
Teulade, P. Savignac, E. E. Aboujaoude, S. Lietge, N. Collig-
non, J. Organomet. Chem. 1986, 304, 283—300.

For example: '3 J. J. Kulagowski, R. Baker, S. R. Fletcher, J
Chem. Soc., Chem. Commun. 1991, 1649—1650. — [!'®I C. Du-
fau, G. Sturtz, Phosphorus, Sulfur and Silicon, 1992, 69,
93—102. — [Md J Vepsiliinen, E. Pohjala, H. Nupponen, P.

Eur. J. Org. Chem. 1999, 1561 —1569

Vainiotalo, M. Ahl%ren, Phosphorus, Sulfur and Silicon, 1992,
70, 183—203. — ['1dTE H. Ebetino, S. M. Kaas, R. J. Crawford,
Phosphorus, Sulfur and Silicon, 1993, 76, 151 —154.

121 For example: 1?4 R. Keat, J. Chem. Soc. [A] 1970, 1795—1799.
— (1261 O, J. Scherer, P. Klusmann, Z. Anorg. Allg. Chem. 1969,
370, 171—173. — U2<I'W. Fink, Chem. Ber. 1963, 96, 1071—1079.

131 M. Grayson, J. Am. Chem. Soc. 1963, 85, 79—83.

141 L. Maier, Helv. Chim. Acta 1969, 50, 858—871.

[S1[15a] KA. Petrov, V. A. Parshina, M. B. Luzanova, J Gen.
Chem. SSSR 1962, 32, 542—545. — 1581 1 W, Ellis, K. N. Harri-
son, P. A. T. Hoye, A. G. Orpen, P. G. Pringle, M. B. Smith,
Inorg. Chem. 1992, 31, 3026—3033.

6l [t6al ' - J Cristau, D. Virieux, Heteroatom Chem., in press. —
[16vl T E. Kron, E. N. Tsvetkov, J Gen. Chem. SSSR 1985,
55, 496—499.

U7 ], I. G. Cadogan, Organophosphorus Reagents in Organic syn-
thesis, Academic Press, 1979, p 269—272.

8] 18] 7 H. Kudzin, W. J. Stec, Synthesis 1998, 469—472, — 18]
C. Yuan, D. Chen, Synthesis 1992, 531—532.

1 E. L. Eliel, S. H. Wilen, L. N. Mander, Stereochemistry of Or-
ganic Compounds, John Wiley & Sons, New York, 1994.

1201 All simulations were performed using gNMR 3.65 by IvorySoft.

I R. C. Cookson, T. A. Crabb, J. J. Frankel, J. Hudec, Tetrahedron
Suppl. 1966, 7, 335—390.

1221 3 J. Richard, K. E. Burke, J. W. O’Laughlin, C. V. Banks, J
Am. Chem. Soc. 1961, 83, 1722.

(23] Refers to table 3 corresponding to 'H-NMR study of the meth-
ylene bridge.

1241 Refers to Table 4 corresponding to '*C-NMR study of the
methylene bridge.

Received November 30, 1998
[098543]

1569



