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Abstract-The conjugate base of the title acid, i.e. CIIH,,P02-, has been investigated as 
its simple salts, as a ligand in transition metal complexes of cobalt and ruthenium, and 
as a secondary amonium salt in which hydrogen bonding between anion and cation occurs. 

1 - Chloro - 2,2,3,4,4 - pentamethylphosphetan l- 
oxide, C,H,,POCl, can be easily synthesized from 
2,4,4-trimethylpent-2-ene and PCl, in the presence 
of Al,Cl,. iJ This chloride is slowly hydrolysed in 
air. The products of hydrolysis may be the acid, a 
phosphetanic acid, GH,6P02H, or the anhydride, 
C,H,6P(0)OP(O)C,H,,, depending on conditions.3 
The latter is rapidly formed4 and is remarkably 
stable to further hydrolysis.3 

Little has been written about C,H,,P02H be- 
yond reporting a few basic physical properties and 
spectra.5 It is a fairly strong acid, pK, 2.85.’ Its 
structure is assumed to be (I), based on that of 
other phosphetans.6 
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Whereas for the chloride there are two non- 
interconverting isomers, cti and trans, defined for 
the ring H and PO groups with respect to the plane 
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of the ring, there can be only one form of the acid. 
The conjugate base, CsH16P02-, has a plane of 
symmetry bisecting the phosphetan ring. Because 
of the similarity of R2P02H and R2P02- to 
RCO,H and RC02-, it was thought likely that this 
phosphinic acid might also display some of the 
properties of a typical carboxylic acid in its ability 
(i) to act as a ligand, and (ii) to involve itself in 
hydrogen bonding including possibly very strong 
hydrogen bonding.7 These hopes have been real- 
ized and in this communication we present evi- 
dence of C,H,,P02- acting as a ligand towards 
certain transition metals and of C,H,,PO,H form- 
ing an adduct with secondary amines in which a 
cyclic hydrogen bonding system is suspected. 

EXPERIMENTAL 

Instruments. IR spectra as KBr discs were run on 
PE457 and PE580 machines. Nuclear magnetic 
spectra were taken on JEOL PMX60 SI, Bruker 
HFX90 and Bruker WM250 spectrometers. 3’P 
NMR spectra at 36.4 MHz are referenced to exter- 
nal H,PO,. UV spectra were taken on a UNICAM 
SP800 spectrometer 

Preparation of 2,2,3,4,4_pentamethylphosphetanic 
acid, &H16P02H 

GH,,POCl, made by the reported methods,‘*2 is 
hygroscopic. On exposure it the atmosphere for ca. 
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1 week it is converted to the acid. Refluxing a 
mixture of GH,,PGCl and water for 3 hr produces 
a mixture of the acid and the anhydride 
CsH,,P(0)OP(O)CsH’,. Aqueous 2M NaOH solu- 
tion and CsH,6POCI react to give the same mix- 
ture, although with less anhydride, from which the 
acid can be recovered by treatment with 2M HCl. 
The acid is only slightly soluble in water 
(1.33 g/100 cm3 Hz0 at 20°C). 

The 3’P NMR spectrum of CBH16POzH in CDC13 
consists of a multiplet of 13 peaks (3747 scans), 
with 3JpCCH, 18.55 Hz, split into doublets due to 

3J~c~, 5.86 Hz. Further fine structure from 4Jr,-CH, 
was evident but not resolvable. No evidence of JpoH 
coupling shows that rapid exchange in this solvent 
is occurring probably via hydrogen bonding. The 
proton decoupled spectrum has 6 59.04ppm. In 
D,O the decoupled signal is at 6 59.18 ppm. 

SALTS 

Preparation of lithium 2,2,3,4,4_pentamethyI- 
phosphetanate. To a solution of lithium hydroxide 
monohydrate (0.42 g, 10 mmol) in water (10 cm3) 
was added C,,H16P02H (1.76 g, 10 mmol). The solu- 
tion was evaporated to yield CBH16P02Li which 
was dried at 130°C. The ‘H NMR spectrum of a 
solution in DzO gave signals at 1.50 (lH, CH, dq, 
J nccuj = 4.5 Hz), 1.03 (12H, CH,, dd, 
J PCCH, - - 17.5 HZ) 0.78ppm (3H, CH,, dd, JmCu9 
1.5 Hz). The calcium salt was made likewise. 

In a similar reaction, but using metal carbonate, 
the following salts were made: Na, K, Rb, Cs, Sr, 
Ba and Ag. The silver salt darkened on exposure 
to light. The ammonium salt was made from 
CBH’,P02H and liquid NH, in toluene. All the salts 
gave similar IR spectra showing the characteristic 
phosphetan vibration absorptions. The v&PO,-) 
and v,(PO,-) modes were recognizable as a pair 
of strong bands at 1160-l 130 cm-’ and 
1050-1030 cm-’ respectively. The 31P NMR signal 
of CsH,,PO,K in DzO gave a spectrum like that 
of the acid (2521 scans) from which 

3J~~~ = 17.63 Hz and 3JpccHj = 3.42 Hz. The pro- 
ton d&oupled signal appeared at 6 49.1 ppm. 

C18H16POZK and CsH,6P02H. An aqueous solu- 
tion of C,H,,PO,K is capable of dissolving more 
acid than the same volume of water. Thus a 
0.187 M solution of C,,H,,P02K was stirred for 
several hours with excess C,H,,PO*H and the latter 
dissolved to give a solution of 0.204 M in acid; the 
mole ratio of salt: acid is 1: 1.09. The 31P NMR 
spectrum of the resulting solution showed only a 
13 peak multiplet with 3Jpccnp = 16.85 HZ (5343 
scans). The fine structure due to 3JpCCH was not 
evident but unresolved substructure was present. 
The proton decoupled signal was at 6 48.97 ppm. 

COMPLEXES 

Reaction of CsH,,PO,H and cobalt(ZZ) carbon- 
ate. Cobalt(I1) carbonate (2.0 g, 16mmol) was 
added to a solution of CsH,,P02H (7.0 g, 40 
mmol) dissolved in hot water; CO* was evolved. 
When all the CoCO, had reacted the pink solut- 
ion was heated to boiling and a blue precipitate 
formed which was filtered hot. This was 
bis(2,2,3,4,4-pentamethylphosphetanato) cobalt- 
(II), Co(C,H’,PO,), (6.2 g, 12 mmol, 60x), 
m.p. > 360°C. The complex was stable in air. 
Found: C, 46.93; H, 7.82; P, 15.13. C’6H32C004P2 
requires: C, 46.94; H, 7.82; P, 15.16%. 

CO(C~H’,PO~)~ gave an IR spectrum with ab- 
sorptions at 2975-2861 s (CH,), 1460m (CH,, 
1393-1370 w (CH,), 1240 w (P), 1208 w, 1143 s (P), 
1092 s (PO,), 1062 s (PO,), 1020m (CH,), 940 w 
(P), 760 w (P), 730 sh (P), 657m (P), 545 m 
(COOP), 534 sh (P), 418 w, 410 w (P), 312 m cm-‘, 
where P refers to the mode being a recognized 
phosphetan ring absorption.’ 

The UV spectrum of a CHCl, solution (blue) 
has L 500 nm (118,000 mol-’ cm2), 580 nm 
(138,000 mol-’ cm2), 626 nm (147,000 mol-’ cm’). 

An aqueous solution (pink) has & 500 nm 
(1680 mol-’ cm2). 

The blue crystals of CO(C~H’~PO~)~ are soluble 
in cold water to form a pink solution which on 
heating to 79°C precipitates the blue complex. This 
in turn redissolves as the solution is allowed to cool. 
The blue complex is also soluble in CHC13 but can 
be extracted from this solvent into water as a pink 
solution. This technique can be used to remove 
unreacted C,H,,P02H. 

The blue complex can also be prepared by 
heating Co(NO3)2 and an excess of CBH,,P02H in 
an acetone solution for 2 hr. 

From a cold aqueous solution of CO(C~H’~PO~)~ 
pink crystals grow on evaporation of the solvent. 
On standing these slowly revert to the blue form, 
rapidly at 40°C or on being left in a desiccator. 

The magnetic susceptibility of the blue complex 
was measured by the Gouy method at 
19960 x lo-l2 m3 mol-’ from which a magnetic 
moment of 6.1 Bohr magnetons was calculated. 
The diamagnetic correction factor for C,H,,P02H 
was calculated as - 2561 x lo-l2 m3 mol-‘. 

Reaction of C,H’,P02H and maganese(ZZ) ni- 
trate. Manganese(I1) nitrate (1.78 g, 10 mmol) and 
CBH,,P02H (5.0 g, 28 mmol) were refluxed together 
in acetone (20 cm’) for 2 hr. On cooling, white 
microcrystalline needles of the complex 
bis(2,2,3,4,4pentamethylphosphetanato) man- 
ganese(I1) formed (2.9 g, 7.1 mol, 71x), 
m.p. > 360°C. Found: C, 46.81; H, 7.84; P, 14.75. 
Calculated for C,,H3,Mn04P2: C, 47.41; H, 7.90; P, 
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15.31%. The IR spectrum (Nujol mull) showed 
absorptions: 1239 m (P), 1147 s (P), 1089 m (PO,), 
1056m (PO,), 1019 m (CH,), 989 w, 934m (P), 
758 m (P), 672 s (P), 641 m (P), 560 w (P), 540 s (P), 
521 sh (MnOP) cm-‘. 

Preparation of RuX,Y, (phosphetanato) complexes 
[x = Cl, Br; Y = PPh,, AsPh,, PpyPhz] 

The RuX2Y3 complex, made by published 
methods,8Tg was dissolved in benzene under 
aerobic conditions in the presence of CsHi6P02H. 
The mixture was stirred for 3 hr, the solvent 
removed and the oily product crystallized from 
petroleum spirit (60/80”). The following 
compounds were prepared by this method: 
dichloro(2,2,3,4,4 - pentamethylphosphetanato) - 
bis(triphenylphosphine)ruthenium, dark green 
crystals m.p. 13O”C, yield 31x, [Found: C, 59.40; 
H, 5.22; P, 10.29; C,H,C&O,P,Ru requires: 
C, 60.62; H, 5.28; P, 10.68x]; dibromo(2,2,3, 
4,4-pentamethylphosphetanato)bis(triphenylphos - 
phine)ruthenium, brown crystals, m.p. 142”C, yield 
46% [Found: C, 54.86; H, 4.60; P, 9.62, 
C,,H,Br,O,P,Ru requires: C, 55.00; H, 4.79; 
P, 9.69%]; dichloro(2,2,3,4,4_pentamethylphos - 
phetanato)bis(tripyrridinodiphenyiphosphine)ruth - 
enium, orangebrown crystals, m.p. 118”C, yield 
11%; [Found: C, 56.90; H, 5.02; P, 10.47; N, 3.15; 
C,H,Cl,N,02P,Ru requires: C, 57.60; H, 5.26; 
P, 10.63; N, 3.20”/; dibromo(2,2,3,4,4_pentame- 
thylphosphetanato)bis(pyridinodiphenylphosphine) - 
ruthenium, pale yellow crystals, m.p. 102”C, yield 
11%; [Found: C, 52.17; H, 4.67; P, 9.58; N, 2.85; 
C.,2H46Br2NZ02P3Ru requires: C, 52.28; H, 4.77; 
P, 9.65; N, 2.90x]; and dichloro(2,2,3,4,4_penta- 
methylphosphetanato)bis(triphenylarsine)rutheni~, 
ruthenium, brown crystals, m.p. > 23O”C, yield 
20%; [Found: C, 55.00; H, 4.73; P, 2.98; 
CtiH,As,C1,02PRu requires: C, 55.05; H, 4.79; P, 
3.23x]. 

ADDUCTS 

Reaction of CBH1&‘OZH and diethylamine. Dieth- 
ylamine (0.73 g, 10 mmol) was mixed with water 
(5 cm3) and GHr6P02H (1.76 g, 10 mmol) added. 
This slowly dissolved and the solution was evapo- 
rated to dryness on a steam bath to yield 2.49 g of 
a solid that was recrystallized from benzene to 
yield the adduct CsH,$02H.NEt2H, m.p. 
153-156”. Found: C, 55.7; H, 11.25; N, 5.43. 
C,,H,NO,P requires: C, 57.8; H, 11.24; N, 5.62%. 
The IR spectrum has absorbances at 3450 vw br 
(trace of free amine), 3000-2860 s (CH,), 2700 sbr 
(NH,), 2520sbr (NH,), 2410sbr (NH,), 2345 s 
(NH,), 1942 wbr, 1717 wbr, 1627 m, 1514m, 1465 s 
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(CH,), 1453 s (CH,), 1333 w (CH,), 1231 w (P) 
1217 w (P), 1143 s (P), 1079 s (PO,), 1037 s (PO3, 
lOlOs, 982 w (CH,), 932 w (P), 870 w, 813 s (P), 
764 w, 756 w (P), 722 vw, 660 s (P), 634 m (P), 532 s 
(P), 503 w, 45Ovw (P), 418 m (P), 384m (P), 
330 m cm-‘. 

The ‘H NMR spectrum run in CDCl, has reso- 
nances at 0.83 (3H, ring CH,, dd, 4Jpccci.i, = 1.61, 
3JHc-cH = 7 11 Hz) 

;F - 7.0 Hz), ’ F, * 
1.10 (6H, ring CH3, d, 

1.13 (6H, ring CH3, d, 
PCCHj = 17.0 Hz), 1.36 (6H, amine CH,, t, 

3Ji.iccH =734Hz) 
3J&H s 5.28 Hz, 

1.50 (lH, CH, dq, 
“J,,, = 7.11 Hz); 2.90 (4H, 

CHZ, q, 3J~,cc~, = 7.34Hz), 10.5 (2H, NH*, very 
broad) ppm. The 6(NH) was sensitive to concen- 
tration. At infinite dilution this was projected to 
have a chemical shift of 9.75 ppm. 

The “P NMR spectrum, proton decoupled, had 
6 = 49.05 ppm in D,O and 37.38 ppm in CDC13. In 
an undecoupled spectrum (30307 scans) the 13 
multiplet clearly showed 3JKc,.r, coupling 
(16.18 Hz) but the finer coupling could not be 
resolved. 

DISCUSSION 

The physical and spectral features of 
2,2,3,4,4pentamethylphosphetanic acid, CBH,6 
P02H, are given in Refs. 1 and 5 respectively. 
This acid is a phosphinic acid that, unlike most of 
this type, is easily made and is stable to hydrolysis. 
Moreover the phosphetan ring itself is very stable 
towards chemical attack. To date little has been 
said of its chemical behaviour as an acid and in this 
paper we report on the formation of some salts, 
complexes and an amine adduct. 

GH,,POzH is not very soluble in water. The 
hydrophobic tendency of the five methyl groups is 
enough to cancel the hydrophilicity of the acid 
centre. It is soluble in organic solvents. The metal 
salts of the acid are water soluble. 

In some respects the behaviour of CBH,,PO,H is 
expected to parallel that of carboxylic acids so that 
mutual hydrogen bond formation to give cyclic 
dimers would be anticipated, i.e. (II).” The voH 
signal at ca. 

4 

0... H-O, 

8 

‘0 
//’ f-’ (II) 

-H...O 

35OO cm-’ is not observed but two very broad and 
strong peaks at 2250 and 2600 cm-’ can be attrib- 
uted to v(OH . * 0) of (II) by analogy with carbox- 
ylic acid dimers. Other broad bands at 955 and 
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500 cm-’ are the corresponding in-plane and out- 
of-plane OH . .O bending modes. Dilution of 
C,H,,PO,H in CC& down to 0.001 M concen- 
tration failed to produce a signal in the spectrum 
at cu. 35OOcm-’ that could arise from the mono- 
meric acid species. This seems to be evidence that 
the hydrogen bonding of (II) is stronger than that 
of (RCO,H), where dilution disturbs the equi- 
librium towards the monomer sufficiently for the 
latter’s OH bond vibration to be observed. 

If the hydrogen bonding of acids is strong then 
that between an acid and its conjugate base is 
generally very strong.’ Examples of this are the 
hydrogen bonds between the following combina- 
tions: CH,CO,H + CHJCOZ-;“~‘* HNO, + NO,-;13 
and even between HSO,- + S042-.14 Indeed the 
first of these combinations, carboxylic acid and 
carboxylate, has yielded a large number of very 
strongly hydrogen bonded adducts.ls Few exam- 
ples of phosphorus acids interacting in this way 
are known but in Ca,(NH,)H,(PO,), .2H,O there is 
a polymeric arrangement of H,PO,- + HP042-.16 
There is thus high expectation that 
C,Hi,PO,H + C8H16P02- would interact in this 
manner to form an adduct (III). 

[ 
4-q; H >+I- (III) 

. . . . . . 

That this may occur is supported by the salting- 
in effect which occurs when C,H16P02K is dis- 
solved in water and the fact that this produces a 
solution that is approximately of the right com- 
position for (III). Unfortunately crystals which 
grew from slow evaporation of such solutions were 
unsuitable for X-ray investigation. However the IR 
spectrum showed a high water content and a 
continuum in the region 850-450 cn-’ which may 
arise from a very strong hydrogen bond of the 
OH0 type. Moreover the chemical shift of the 
phosphorus is not a weighted average of the acid 
and the anion, being almost the same as that of the 
anion. This suggests that both phosphetan parts 
have a deprotonated environment such as would 
be expected for (III) with the proton centred in the 
strong hydrogen bond. 

The ability of the conjugate base C,Hi6P02- to 
act as a ligand was demonstrated by the formation 
of several complexes and in particular the cobalt 
(II) complex. This occurs in two forms which 
interconvert at 79” in solution. Above this tem- 
perature the tetrahedra complex is favoured and 
the structure (IV) is proposed as the most likely 
form based on the 

le p~“~co_o. 
\o/ ‘-OH P-t-’ (IV) 

IR and UV evidence.” This form is stable at room 
temperature in the solid state but in aqueous 
solution it dissolves to form a pink solution, 
although in CHCl, it retains the tetrahedral 
configuration as shown by its colour and UV 
spectrum. Changes in the vibrational frequencies 
for the v, and v&PO,) modes are not dramatically 
different as compared to those of the salts except 
the v,,(PO,) is at a lower and v&PO,) at a slightly 
higher frequency than expected. A band in the IR 
spectrum at 545cn-’ is not a phosphetan vi- 
bration and is tentatively assigned to a Co-O 
vibration. 

The pink crystals which can be grown from 
aqueous solution at room temperature are pre- 
sumably octahedral and structure (V) is a reason- 
able assumption which would explain their colour 
and spectra. These crystals readily lose water and 
turn blue which suggest that it is the coordinated 
water molecules that are lost. 

(V) 

Hz0 

Whether this complex holds together in solution as 
V or exists in equilibrium with Co(H20)2+ could 
not be determined conclusively from the UV spec- 
trum; the Iz, of 500 nm may overlap the L of 
Co(H20):+ at 530 nm, but the band was a single 
maximum with no suggestion of a second species 
so that V would appear to persist in aqueous 
solution. 

The manganese complex of composition 
Mn(CsH,,PO,), is insoluble in all solvents and may 
well be polymeric. 

A selection of complexes were made of ru- 
thenium showing that this ligand is capable of 
behaving in a manner analogous to carboxylic 
acids with RuX,(PPh,),.” The complexes 
RuX,(C,H,,P02)(PPhJ2, where X = Cl or Br, 
showed the expected IR bands associated with the 
phosphetan ligand. Yields of these and similar 
complexes were low due to higher solubility in the 
acetone used as solvent. 

The combination of CBH,,P02H and diethyl- 
amine gave a material that analysed as the diethyl- 
ammonium phosphetanate and in D,O the 31P 
NMR spectrum showed the anion to be C8H16P02- 

by comparison with the potassium salt’s spectrum. 
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In CDCl, the signal shifts to 37.4 ppm. This, and 
especially the IR spectrum of this material, suggests 
that there is close association between the cation 
and the anion, maybe in the formation of a cyclic 
hydrogen bonded structure (VI).” Because of the 
dimensions 

of the PO,- moiety and the tetrahedral angle at 
nitrogen, it would not be feasible for linear OHN 
bonds to form. An intramolecular NHOP hydro- 
gen bond that is non-linear (L 143”) has been re- 
ported in VII.*’ 

Ph 

Me 
0 

/ \ so,-~'~=~/(O~e)~h 
\H...,// 

(VII) 
- 

The 6(NH) chemical shift of the amine adduct 
is very downfield, again suggesting strong hydro- 
gen bonding. In the system CF,CO,H + Et,N 
6(NH) varies from 7.5 to 10.5 ppm and separate 
signals can be distinguished for the two forms 
CF,C02H * * NEt, and CF,CO,- * * HNEt3, even at 
4o”c.*’ 

The combination RCOzH + imidazolez also has 
an IR spectrum in the region 3000-2000 cm-’ like 
that reported here for C8H,,C02H + Et,NH, i.e. a 
hydrogen bonding continuum with several sub- 
maxima. Whether this is solely due to VII or 
involves contributions from (VIII) cannot be de- 
cided 

+ 
/P”-H\ 

p\ (VIII) 
0-H.' 

.N=, 

at this stage. The “P chemical shift of VIII would 
resemble that of C8H,,P02H in CDCl, 
(6 = 59.0 ppm) but is much further upfield sug- 
gesting that contributions from WI are small. In 
aqueous solution there is no evidence for VIII but 
a polar solvent would in any case favour the VI 
form. Yet type VIII structures have been postulated 
for adducts of RC02H + amines.lg 

It has also been shown by matrix IR spec- 
troscouv that whereas CF,CO,H + Me,N is of the 

proton-transfer/hydrogen bond type,’ as is VI, the 
combination CH3C02H + Me,N is a molecular 
adduct, as is WI.23 Further investigation into the 
amine adducts of C,H,,PO,H is being carried out. 
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