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The triphenylphosphane derivatives 2a and 5, bearing one
and two phosphonic ester groups, are accessible in high
yields by consecutive Pd-catalyzed P-C coupling reactions of
p-bromoiodobenzene with Ph,PH and PhPH,, respectively,
and then with diethyl phosphite. Ester hydrolysis yields the
highly water-soluble sodium salts of mono- and bis-
phosphonated triphenylphosphane, 3a and 6, respectively.
On reaction of the p- and m-fluorophenylphosphonic diethyl

esters 7a, 7b with Ph,PK and subsequent ester hydrolysis the
isomeric disodium (diphenylphosphano)phenylphosphonates
3a, 3b were obtained. The X-ray structure of Ph,P(CsH,—m-
PO3Na,) - 5.5 H,O - iPrOH (space group Cmc2,) has been
determined. In the solid state, it forms a layer structure with
hydrophilic (PO3%*, H,O, iPrOH) and hydrophobic (Ph,P)
compartments, in which the PO32~ anionic groups are not
engaged in coordination of the sodium cations.

The introduction of the aqueous two-phase technique
may be considered as a cornerstone in the development of
homogeneous catalysis over the last two decades. The en-
vironmental benefits of using water instead of organic sol-
vents and the ease with which the water soluble catalyst
may be separated from the products are the principal ad-
vantages of this technique. Water solubility of the complex
catalysts is achieved by incorporation of phosphanes bear-
ing cationic®, anionicl!, or non-charged hydrophilic/¥
groups, respectively. The phosphonate group has been em-
ployed only very recently as a polar functionality to en-
hance the solubility of aliphatic and aromatic phosphanes
in aqueous media. Thus, DuBois et al.[’] have reported the
syntheses of tridentate phosphane ligands bearing
(EtO),(O)PCH,CH, side chains. Kockritz et al.[®l and
Schull, Fettinger, and Knight!! have developed a multistep
synthesis for the sodium salts of monophosphonated tri-
phenylphosphane, moderate yields being achieved in both
cases. Phosphanorbornadiene monophosphonates are
formed by addition of (phenylethynyl)phosphonates to 1-
phenyl-3,4-dimethylphosphole!®l.

The great potential of phosphonated and phosphinated
derivatives of triphenylphosphane as catalyst ligands in
two-phase catalysis has been demonstrated by the Pd-cata-
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lyzed carbonylation of benzyl chloride!” and by Suzuki-
type C—C coupling reactionsl.

Syntheses of Mono- and Bisphosphonated Aromatic
Phosphanes Using Consecutive Pd-Catalyzed P—C
Coupling Reactions

Previously, we reported a novel synthetic route to multi-
functional phosphanes by cross-coupling of aryl halides
with primary or secondary phosphanes in the presence of a
base and catalytic amounts of a palladium catalyst!!%,
Using this method, p-bromophenyldiphenylphosphanel!!l
(1a) and bis(p-bromophenyl)phenylphosphane!!?l (4) were
obtained in high yields by reaction of p-bromoiodobenzene
with diphenylphosphane and phenylphosphane, respectively
in the presence of 0.1 mol-% Pd(PhsP), (Eq. la, 2a). The m
and o isomers 1b and lc are also accessible by this syn-
thetic procedure.

The final steps in the syntheses of the mixed-ligand phos-
phanophosphonates required the introduction of the phos-
phonic ester groups into 1a and 4. This was achieved by Pd-
catalyzed P—C coupling reactions with diethyl phosphite,
HP(O)(OEt),. The mono- (2a)[" and bisphosphonated (5)
p isomers were formed in high yields (Eq. 1b, 2b). The
anionic derivatives 3a and 6 were obtained by transesterifi-
cation of 2a and 5 using Me;SiBr!'4, followed by hydrolysis
of the intermediate silyl esters and subsequent neutrali-
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zation of the phosphonic acids with aqueous NaOH (Eq.
Ic, 2¢). As expected, the solubility of 6, bearing two polar
groups, was much higher (1000—1100 g/kg water, 20°C)
than that of 3a (300—400 g/kg water, 20°C).

Syntheses of m- and p-Phosphonated Aromatic Phosphanes
by a Combination of Pd-Catalyzed P—C Coupling and
Nucleophilic Substitution

Nucleophilic phosphanylation of fluorobenzene deriva-
tives bearing electron-withdrawing substituents!!/B30115 may
be employed for the synthesis of a great variety of water-
soluble phosphanes. In combination with the Pd-catalyzed
coupling!'%, the reaction has many attractive features as a
general P—C bond-formation method. This is illustrated by
the syntheses of the p and m isomers 2a, 2b of monophos-
phonated triphenylphosphane (Eq. 4). The starting materi-
als, 7alleal 7pllobl were obtained by P—C coupling reac-
tions of p- and m-bromofluorobenzene with diethyl phos-
phite using catalytic amounts of Pd(PhsP), in the presence
of NEt; as the base (Eq. 3). This method was found to be
more efficient than the multistep syntheses reported in the
literature for 7al'%4l and 7b!16°],

Upon treatment of 7a with Ph,PK, a mixture of the ex-
pected diester 2a and the potassium salt of the monoester
8a was formed (Eq. 4, 5). The diester 2a is formed initially
until about half an equivalent of Ph,PK has been added.
The addition of further Ph,PK yields Ph,PEt and the po-
tassium salt of 8a as a result of dealkylation of the ester
group in 2a or 7a. This indicates that in the initial stages
of the reaction nucleophilic phosphanylation is faster than
dealkylation. In contrast to our results, from a similar reac-
tion of the p isomer 7a, using Ph,PLi instead of Ph,PK,
Kockritz et al.[®! obtained only the diester 2a and, surpris-
ingly, no dealkylation products were detected. However, the
diester 2a was formed only in moderate yields and no exper-
imental details were given. Phosphanylation of diethyl m-
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fluorophenylphosphonate (7b) with Ph,PK in THF solution
proceeded much more slowly than that of the correspond-
ing p isomer 7a, the anion of 8b being formed exclusively.

After acidification of the reaction mixtures, the mono-
esters 8a, 8b were precipitated as colorless crystals (Eq. 4,
5). Transesterification of 8a, 8b with Me;SiBr and sub-
sequent reaction of the intermediate silyl esters with NaOH
gave the disodium salts 3a and 3b, respectively (Eq. 6), in
overall yields much higher than those reported previously
in the literature’l. The free phosphonic acids 9a, 9b were
precipitated from aqueous solutions of 3a, 3b on acidifi-
cation with HCI (Eq. 7).

NMR-Spectroscopic Identification of 1a—11b

The 3P(P™) values of the phosphonated phosphanes dif-
fer only marginally from that of PhyPI!1I7al (3P = —5.9 to
—8.0), with SP(PY) values (20.0—8.9) falling in the range
typical for aromatic phosphonic acids and their esters!'7?l,
Assignment of all '3C{'H}-NMR signals of 1la—1c, 2a, 3a,
3b, 4, 5, 6 and 7a, 7b, 9a, 9b was achieved with the aid of
DEPT experiments['®4] and by comparison of the §C values
and P—C coupling constants with the relevant data for
Ph;P[!8%] Further support was gained from the relative
magnitude of the coupling constants "J(PC), which decrease
in the order 2J(PC) > 3J(PC) > 4J(PC), with 'J(PC) being
smaller than 2J(PC)!!3<. Large coupling constants
(160—190 Hz) are observed for the signals of the carbon
atoms (C3 or C4, respectively) bound to PVUI8dl (for the
numbering of the carbon atoms in the Experimental Section
see Scheme 2).

The protons of the CH, groups of the P(O)(OEt), sub-
stituents in 2a, 7a, and 7b are diastereotopic!'! (Figure 1a,
7a). In the 'H-NMR spectra, complicated multiplet pat-
terns are observed, representing the AB parts of ABM;X
spin systems [A, B = H, ,(CH,), M = H(CH,), X = 3!P].
Analysis of these line patterns (Figure 1b) could be ac-
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complished in the case of 7a using '"H{'H(CH3)} homo nu-
clei decoupling experiments (Figure 1c).

Figure 1. (a) Newman projection along the P--+(O)--C(H,) axis. —

(b) "H-NMR spectrum of 7a (experimental/calculated); 8H, =

4.06, 8H, = —4.12, 2J(H,H,) = 10.2, 3J(H,P) = 8.2, 3J(H,P) =

7.8, 3J(HH) = 7.1 Hz. — (¢) '"H{'H(CH3)}-NMR spectrum of 7a,
P(O)(O— CH,—CHs), group
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X-ray Structure of Ph,P(CcsHy—m-PO3z;Na,)-
5.5 H,0-iPrOH

Colorless crystals of the composition Ph,P(CsHy—m-
POsNa,)- 5.5 H,O-iPrOH were formed at the interface be-
tween the two layers obtained on addition of 2-propanol to
a concentrated aqueous solution of 3b. The results of an X-
ray structural analysis are shown in Figures 2 and 3, crystal-
lographic data are collected in Table 1, and selected bond
lengths and angles are given in the caption to Figure 2. A
comparison of the structural parameters of triphenylphos-
phanePY with those of the isolated diphenylphosphano-
phenyl-m-phosphonate dianion of 3b and its p isomer 3al”,
reveals that the PO;?>~ group in the p or m position of the
aromatic ring system has only marginal influence on the
geometry of the triarylphosphane subunit. The propeller-
like arrangement of the phenyl rings (Figure 2), which are
each rotated in the same sense, is found in all three struc-
tures. In contrast to Na,[Ph,P(CsHy—p-PO3)(H,0);5
(CH;OH)](CH;0H)/, which is dimeric and contains two
formula units in the unit cell, the phosphorus atom in the
phosphonate group of Na,[Ph,P(CcHy—m-PO3): 5.5
H,O-iPrOH] displays only a slightly distorted tetrahedral
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geometry. The O—P—O bond angles and P—O bond
lengths are identical within experimental standard devia-
tion, and the P—O distances fall within the typical
range21122],

Figure 2. Structure of the anion of 3b!

[a] Selected interatomic distances [A] and angles [°]: P(1)—C(1)
1.843(5), P(1)~C(7) 1.836(8), P(1)~C(13) 1.842(8), P(2)—C(3)
1.823(5), P(2)-O(l) 1.522(6), P(2)—0(2) 1.520(7), P(2)—0(3)
1.521(7); C(1)—P(1)—C(7) 103.7(4), C(7)—P(1)—C(13) 101.9(4),
C(H=P(1)—C(13) 102.6(4), C(2)—C(1)~P(1) 116.6(4), C(6)—
C(1)—P(1) 123.3(4), O(1)—P(2)—0(2) 111.9(4), O(1)-P(2)—0(3)
111.6(4), O(2)—P(2)—O0(3) 110.9(4).

Within the unit cell, the sodium cations are solvated by
water and 2-propanol, thus forming a three-dimensional
network supported by O---H—O hydrogen bonding (Figure
3). The shortest distance between the oxygen atoms of the
Ph,P(C¢Hy—m-PO5%7) dianions and the sodium atoms is
2.987(6) A [O(1)—Na(1)]. This is around 0.45—0.60 A
larger than that of other Na—O interactions in the struc-
ture, implying that the phosphonate groups are not engaged
in the primary coordination sphere of the sodium. The
Na--O(P) distances found in Na,[Ph,P(CsH4—p-PO3)
(H,0);(CH;0H)[(CH;OH)T  [Na(1)—0(2)  2.448(3),
Na(2)—O0(1) 2.249(3) A] are shorter than the closest Na—O
contact in Na,[Ph,P(CsH,—m-PO3)-5.5 H,O0:iPrOH]
[Na(1)—O(1) 2.987(6) A]. Interestingly, the structure con-
tains sodium cations in three different environments. Na(1)
is coordinated to five water molecules in a trigonal-bipyr-
amidal arrangement (Na--O distances 2.30—2.58 A), two
of the water molecules [O(13), O(14)] form bridges to the
hexacoordinate Na(2) (Na+-O distances 2.36—2.46 A),
which in turn is connected to Na(3) and symmetry-equiva-
lent Na(3a) via two water molecules [O(21a), O(21)] in axial
positions. Na(3a) is pentacoordinated, with the two axial
positions in a strongly distorted trigonal-bipyramid being
occupied by bridging oxygen atoms [O(21a) and O(12¢)]. 2-
Propanol and two water oxygen atoms lie in the equatorial
plane of Na(3), with one of the latter [O(22)] bridging the
symmetry-related Na cations [Na(3) and Na(3a)]. The clos-
est cation—cation contact is 3.314(6) A [Na(2)--*Na(3)].
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Figure 3. Solid-state structure of 3b-5.5 H,O-iPrOH
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Experimental Section

For experimental details see Part 9 of this series!'l. Phenylphos-
phane, diphenylphosphane!?3l, and Pd(Ph;P),!'3 were prepared ac-
cording to literature methods. Ph,PK, 2-, 3-, and 4-bromoiodoben-
zene, 3- and 4-bromofluorobenzene, as well as bromotrimethylsil-
ane were purchased from Aldrich Chemical Co. and used without
further purification.

Preparation of 1a—1c¢ by Palladium-Catalyzed Coupling of 2-, 3-,
and 4-Bromoiodobenzene with Ph,PH: A mixture of 20.0 g (70.8
mmol) of the appropriate bromoiodobenzene, 7.64 g (78.0 mmol)
of potassium acetate, and 28.4 ml of a 5.0-1073 M solution of pal-
ladium(II) acetate in dimethylacetamide was dissolved in 120 ml of
dimethylacetamide. To this solution, 13.16 g (70.8 mmol) Ph,PH
was added and the mixture was heated for 5 d at 130°C. The reac-
tion mixture was then poured into 200 ml of deoxygenated water
and the resulting suspension was extracted with 200 ml of dichloro-
methane. The organic phase was separated, washed with 100 ml of
saturated aqueous KCl solution, and dried with magnesium sulfate.
After removal of the solvent under reduced pressure (20°C, 10
mbar), the residue was distilled in vacuo (0.1 mbar) at 200—300°C.
Yields: 15.0 g (62%) 1a, 18.4 g (76%) 1b, 18.0 g (75%) 1c. For
further purification, la—1¢ were recrystallized from water/ethanol.

la: CgH 4BrP (341.2): calcd. C 63.36, H 4.14; found C 63.32, H
4.18. — MS: [M*]: m/z = 342 (3'Br), 340 (”Br). — 3'P{'H} NMR
(CgDg): 6P = —4.8. — BC{'H} NMR (C¢Dy): 8C (C1—C10) =
137.0 (14.2), 135.4 (20.3), 131.8 (7.1), 123.5, 131.8 (7.1), 1354
(20.3), 137.2 (12.2), 133.9 (19.3), 128.7 (7.1), 128.9. — 1b:
CsH4BrP (341.2): caled. C 63.36, H 4.14; found C 63.40, H 4.21.
— MS: [M*]: m/z = 342 (3'Br), 340 ("Br). — 3'P{'H} NMR
(CgDg): 8P = —3.3. — BC{'H} NMR (CDCl5): 8C (C1-C10) =
141.4 (16.3), 136.4 (20.3), 123.6 (7.1), 132.1, 123.6 (7.1), 136.4
(19.3), 136.8 (12.2), 134.2 (19.3), 129.1 (7.1), 129.5. — lc:
CgH 4BrP (341.2): calcd. C 63.36, H 4.14; found C 63.30, H 4.22.
— MS: [M*]: m/z = 342 (®'Br), 340 ("Br). — 3'P{'H} NMR
(CgDg): 6P = —3.3. — BC{'H} NMR (C¢Dy): 6C (C1—C10) =
139.7 (13.2), 130.5 (30.0), 133.2 (2.0), 130.1, 127.4, 134.7, 136.6
(12.2), 134.3 (21.4), 128.8 (7.1), 129.0.
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Preparation of 4 by Pd-Catalyzed Coupling of 4-Bromoiodoben-
zene with PhPH,: A Schlenk flask was charged with 250 ml of
acetonitrile, 7.91 g (71.8 mmol) of phenylphosphane, 40.65 g (143.7
mmol) of 4-bromoiodobenzene, and 16.00 g (158.1 mmol) of tri-
ethylamine. The mixture was deoxygenated and 1.66 g (1.43 mmol,
1 mol-%) of Pd(Ph;P), was added. After heating the reaction mix-
ture under reflux for 24 h, the solvent was removed in vacuo, and
the residue was dissolved in 200 ml of dichloromethane. The re-
sulting solution was washed with three 100-ml aliquots of water.
The organic phase was separated and dried with magnesium sul-
fate. After removal of the solvent under reduced pressure (30°C, 10
mbar), the residue was distilled in vacuo (0.1 mbar) at 200—300°C.
Yield: 19.03 g (63%). — 4: C1gH;3Br,P (420.1): caled. C 51.47, H
3.12; found C 51.12, H 3.25. — MS: [M"]: m/z = 418 ("Br), 420
(®'Br,”Br), 422 (®'Br). — 3'P{'H} NMR (CDCl;): 6P = —6.0;
BC{'H} NMR (CDCl;): 5C (C1—-C10) = 1359 (12.2), 135.1
(20.3), 131.7 (7.1), 123.6, 131.7 (7.1), 135.1 (20.3), 136.0 (10.2),
133.6 (19.3), 128.7 (7.1), 129.2.

Preparation of 2a/3a and 5/6: To a solution of 2.0 g (5.9 mmol)
of 1a or 4.26 g (10.1 mmol) of 4 in 40 or 80 ml of toluene, 0.89 g
(6.45 mmol) or 3.08 g (22.3 mmol) of HP(O)(OEt), and 0.65 g
(6.45 mmol) or 2.26 g (22.3 mmol) of NEt; were added. After de-
oxygenation in vacuo, 68 mg (0.06 mmol, 1 mol-%) or 0.23 g (0.2
mmol, 1 mol-%) of Pd(Ph;P),; was added. The reaction mixtures
were then heated to 80°C for 50 h or 72 h. After cooling to ambient
temperature and washing with three 25- or 50-ml aliquots of water,
the toluene phases were collected and dried with MgSQO,. Evapor-
ation of the solvent in vacuo left 2a and 5 as yellow, viscous oils.
Yields: 1.46 g (62%) 2a, 3.78 g (70%) 5. — 2a: 3'P{'H} NMR
(CDCl3): 6P = —3.8 (P, 19.4 (PY). — 5: MS: [M*]: m/z = 534.
— 3IP{'H}NMR (CDCl;): 3P = —3.4 (P'), 19.3 (PY).

To a solution of 3.79 g (7.1 mmol) of 5 in 50 ml of dichlorometh-
ane at room temperature 6.5 g (42.4 mmol) of Me;SiBr were added
with stirring. After 12 h, all volatiles were removed in vacuo (60°C,
0.01 mbar) and the residual oily liquid was taken up in 50 ml of
acetone. To the resulting solution 1.02 g (56.7 mmol) of water was
added and the mixture was stirred at ambient temperature for 2 h.
Thereafter, all volatiles were removed in vacuo (20°C, 0.01 mbar),
and the pale-yellow solid (the free phosphonic acid) thus obtained
was redissolved in 20 ml of conc. NaOH solution. On pouring this
solution into 200 ml of ethanol, 6 was precipitated as pale-yellow
crystals, which were separated by suction using a fritted Buchner
funnel. The residue was washed with two 10-ml aliquots of ethanol
and dried in vacuo (60°C, 0.01 mbar). Yield: 2.58 g (71.2%) 6.

3a was obtained in high yield by the analogous procedure using
2a as the starting material.

3a: 3'P{'H} NMR (D,0): 6P = —5.5 (P, 12.0 (PY). — 6:
CgH304Nay4P5- 1.5 H,O (537.2): caled. C 40.25, H 3.00; found C
40.19, H 3.24. — 3'P{"H} NMR (D,0): P = —6.0 (P'"), 12.0 (PY).
— BC{'H}-NMR (D,0): 8C (C1-C10) = 138.5 (5.1, 3.1), 135.1
(18.8, 13.2), 132.8 (8.1, 8.1), 144.3 (165.8), 132.8 (8.1, 8.1), 135.1
(18.8, 13.2), 138.3 (5.1), 136.0 (19.3),131.2 (7.1), 131.7.

Preparation of Ta, Tb: A Schlenk flask was charged with 200 ml
of toluene, 20.0 g (114.3 mmol) of 4-bromofluorobenzene or 25.0
g (142.8 mmol) of 3-bromofluorobenzene, 17.3 g (125.7 mmol) or
21.7 g (157.1 mmol) of HP(O)(OEt),, and 12.7 g (125.7 mmol) or
15.9 g (157.1 mmol) of NEt;. Dissolved oxygen was removed by
freeze-thaw cycles and after addition of 5.3 g (4.6 mmol, 4 mol-%)
or 6.6 g (5.7 mmol, 4 mol-%) of Pd(Ph;P), the reaction mixture
was heated to 70—80°C for 24 h. Thereafter, the mixture was
washed with three 200-ml aliquots of water. The toluene phase was
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dried with MgSO,. The liquid obtained after removal of the solvent
in vacuo was fractionated. Yields: 21.5 g (81%) 7a, 28.0 g (84%) 7b.

7a: C o H 4FO3P (232.2): caled. C 51.73, H 6.08, P 13.34; found
C 51.94, H6.18, P 13.13. — B.p. 96°C, 0.4 mbar. — 3'P{'H} NMR
(CDCl5): 8P = 18.9 [°J(PF) = 1.4]. — BC{'H} NMR (CDCl,): 6C
(C1-C6) = 165.4 [4.1, 253.8 'J(CF)], 115.8 (16.3, 21.4), 1344
(11.2, 8.6), 124.7 (192.8, 3.6), 134.4 (11.2, 8.6), 115.8 (16.3, 21.4),
62.2 (5.6, CH,), 16.3 (6.6, CH3). — 7b: C;oH4FO3P (232.2): calcd.
C 51.73, H 6.08; found C 51.64, H 6.13. — B.p. 96°C, 0.4 mbar. —
SIP{'H} NMR (CDCl;): 8P = 17.4 [*J(PF) = 8.6]. — 3C{'H}
NMR (CDCl;): 8C (C1—-C6) = 162.3 (21.2, 249.2), 118.3 (10.2,
22.4), 131.2 (188.2, 6.1), 127.3 (9.2, 3.1), 130.4 (17.3, 8.1), 119.3
(3.1, 21.4), 62.2 (6.1, CH,), 16.1 (6.1, CHj).

Nucleophilic Phosphination of 7a with Ph,PK in a 1:1 Molar Ra-
tio: To the solution of 1.63 g (7.0 mmol) 7a in 20 ml of THF 17
ml of a 0.5 M solution of Ph,PK in THF (8.5 mmol) was added
at room temp. After completion of the addition, the solvent was
evaporated under reduced pressure. From the oily residue Ph,PEt
formed during the reaction was removed at 100°C, 0.01 mbar using
a short-path distillation apparatus. The remaining solid was ex-
tracted with a mixture of 20 ml of water and CH,Cl,. The organic
phase was separated and dried with magnesium sulfate. After re-
moval of the solvent in vacuo, 2a was obtained as a colorless oil.
Yield: 1.52 g (54.5%).

2a: C,,H,,05P, (398.4): caled. C 66.33, H 6.07, P 15.55; found
C 65.49, H6.29 P 14.60. — MS: [M"]: m/z = 398. — 3P{'H} NMR
(CDCly): 6P = —3.8 (P, 19.4 (PY). — BC{'H} NMR (CDCls):
3C (C1—-C10) = 143.6 (15.3, 3.1), 133.2 (18.3, 14.2), 131.6 (6.1,
12.2), 128.7 (188.2), 131.6 (6.1, 12.2), 133.2 (18.3, 14.2), 136.2
(10.2), 134.0 (20.3), 128.8 (7.1), 129.3, 62.2 (5.1, CH,), 16.5 (6.1,
CH,;).

Synthesis of 8a and 8b: A 0.5 M solution of Ph,PK (250 mmol)
in 500 ml of THF was added to 27.86 g (120 mmol) of 7a dissolved
in 500 ml of THF over a period of 3 h at 20°C. After completion
of the addition, the reaction mixture was stirred for a further 1 h.
Thereafter, the solvent was distilled off under normal pressure and
the remaining residue was partitioned between 500 ml of water and
500 ml of dichloromethane. The organic phase was separated and
dried with magnesium sulfate. The residue obtained after evapor-
ation of the solvent at normal pressure was fractionated in vacuo
(0.1 mbar) to afford 11.10 g of Ph,PEt (b.p. 102°C, 0.1 mbar, yield
43%). The aforementioned aqueous phase was treated with HCI
until a pH value of 2 was reached, and then extracted with three
150-ml aliquots of dichloromethane. The combined extracts were
dried with magnesium sulfate. Removal of the solvent in vacuo left
a colorless solid. Yield: 36.50 g (82%) 8a.

8b was obtained in an analogous manner starting from 6.82 g
(29.4 mmol) of 7b, dissolved in 100 ml of THE, and 130 ml of a
0.5 M solution of Ph,PK (65.0 mmol) in THF. Due to the lower
reactivity of 7b, a longer reaction time was needed, even at reflux
temperature (72 h). Yield: 8.80 g (81%).

8a: C,0H,,O3P, (370.3): caled. C 64.87, H 5.44, P 16.73; found
C 64.72, H 538, P 16.56. — MS: [M"]: m/z = 370. — 3'P{'H}
NMR (CDCly): 8P = —3.6 (P, 20.0 (PY). — 8b: C,yH»,05P,
(370.3): caled. C 64.87, H 5.44, P 16.73; found C 64.19, H 5.32, P
16.14. — MS: [M*]: m/z = 370. — 3'P{'H} NMR (CDCls): 6P =
—3.9 (P, 19.9 (PY).

Preparation of 3a and 3b: To the solutions of 35.54 g (96.0 mmol)
of 8a or 8.11 g (21.9 mmol) of 8b in 300 ml or 100 ml of dichloro-
methane 44.08 g (287.9 mmol) or 10.1 g (66.0 mmol) of Me;SiBr
was added. After stirring the reaction mixtures for 12 h at ambient
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temperature, all volatiles were removed in vacuo (60°C, 0.01 mbar).
The intermediate silyl esters formed were obtained as very moist-
ure-sensitive colorless oils. They were dissolved in acetone (300 ml
or 100 ml, respectively), 4.13 g (229.4 mmol) or 1.44 g (80.0 mmol)
of water was added and the reaction mixture was stirred at ambient
temperature for 2 h. After removal of all volatiles in vacuo (20°C,
0.01 mbar), the respective diphenylphosphanophenylphosphonic
acid was obtained as a colorless solid. The product was redissolved
in 150 ml or 50 ml of conc. NaOH and the resulting solution was
poured into 4.0 1 or 400 ml of ethanol, whereupon the disodium
salt of the diphenylphosphanophenylphosphonic acid was precipi-
tated as colorless crystals. The product was filtered off using a
Buchner funnel, washed with ethanol, and dried in vacuo (60°C,
0.01 mbar). Yields: 30.5 g (76%) 3a, 5.81 g (63%) 3b.

3a: CigH,4Na,0sP,-2 H,0 (422.2): caled. C 51.20, H 4.30;
found C 51.43, H 4.34. — 3'P{'H} NMR (D,0): 6P = —5.5 (P'I}),
12.0 (PY). — BC{'H} NMR (D,0): 5C (C1—-C10) = 136.8 (9.2,
2.0), 132.9 (19.3, 13.2), 130.7 (7.1, 8.1), 142.2 (166.8), 130.7 (7.1,
8.1), 132.9 (19.3, 13.2), 136.2 (6.1), 133.8 (19.3), 129.0 (7.1), 129.4.
— 3b: C;gHsNa,05P,-2 H,0 (422.2): caled. C 51.20, H 4.30;
found C 51.34, H 4.39. — 3'P{'H} NMR (D,0): 8P = —5.1 (P'll),
11.8 (PY). — 3C{'H} NMR (D,O0): 6C (C1-C10) = 135.3 (12.2,
7.1), 136.1 (29.6, 9.5), 141.8 (9.2, 165.8), 133.2 (9.2), 128.4 (4.1,
12.2), 131.5 (9.2), 136.3 (6.1), 133.7 (18.3), 129.0 (8.1), 129.3.

The diphenylphosphanophenylphosphonic acids 9a and 9b were
obtained as oily liquids in quantitative yields by acidification of
aqueous solutions of the disodium salts 3a and 3b with HCIL. The
crude products were extracted with dichloromethane, and the com-
bined extracts were dried with magnesium sulfate. After evapor-
ation of the solvent, the diphenylphosphanophenylphosphonic ac-
ids 9a and 9b were obtained as colorless solids. The products were
characterized by 3'P{!'H}-NMR spectroscopy and APCI mass
spectrometry. 9a, 9b: APCI-MS: [MH"]: m/z = 343; [MH" —
PO,H]: m/z = 279; [MH* — POs;H]: m/z = 263.

Crystal-Structure Analysis of Na,[Ph,P(CsH,—m-PO3;) - 5.5
H,0 - iPrOH]: Experimental data for the X-ray structural analysis
are collected in Table 1. Unit-cell constants were determined from
a least-squares fit to the settings of 25 reflections centred on a
Siemens P4 diffractometer. Intensity data were collected with the

Table 1. Experimental data for the X-ray structure of 3b-5.5

H,O-iPrOH
formula weight 533.30
temperature 293(2) K
crystal system orthorhombic
space group Cmc2, °

unit cell dimensions

V

Z

Dcalcd. ) .
absorption coefficient
F(000)

crystal size

6 range

reflections collected
independent reflections
absorption correction
max. and min. transmission
data/restraints/parameters
final R indices [/ > 2o(/)]
R indices all data

largest diff. peak and hole

a = 48.462(10) A
b = 6.3360(10)°A
¢ = 17.509(4) A
o =p=y=090°
5376(2) A3

8

1.318 Mg/m?

0.240 mm™!

2200

0.46 X 0.4 X 0.06 mm

2.33 to 25.01

2482

2482

semiempirical

0.589 and 0.536

2479/1/291

R1 = 0.0694, wR2 = 0.1339
R1 = 0.1408, wR2 = 0.1691
0.382/—0.315 eA 3
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diffractometer in the ®-mode (Mo-K, radiation) and were cor-
rected for absorptions on the basis of y-scan information for selec-
ted reflections. The structure was solved by direct methods
(SHELXS) and refined against F?> by full-matrix least squares
(SHELXL) to R = 0.069 [for I > 25(])] and wR2 = 0.169 for all
independent reflections. Non-hydrogen atoms were refined aniso-
tropically. H atoms of iPrOH were included at geometrical posi-
tions using the riding model (C—H = 0.96 A)P>4,
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