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An IR and Raman study of the lithium associated carbanionic species 1 formed from bis(di- 
ethoxyphosphony1)-methane in the solid state and in THF solution, as well as the IR and 'H, 3'P, I3C 
NMR study of the potassium associated one in pyridine and dimethylsulfoxide are reported. A chelated 
symmetrical structure exists in the solid state and in associating medium. The central carbon is planar or 
nearly so from the NMR data. However, the negative value of *JPH in the anionic species raises the 
problem of estimating the various factors involved in the two bond coupling constants. 

INTRODUCTION 

Recent studies have shown that bisphosphonates can be used as heavy metal 
extractants.' Although their carbanions can give unusual complexes2 with 
[Pt 2C14(PR,)2] there are only incomplete spectroscopic studies of these  specie^.^-^ 
Within a general study of the structure of carbanionic species a to a phosphoryl 

we extend our previous approach to the carbanionic species 1 formed from 
bis(diethoxyphosphony1)-methane 2. From the symmetrical structure of these species, 
one can expect strong chelating properties. 

The IR and Raman spectra of 2 and the IR spectra of l a  were studied in the solid 
state and in tetrahydrofurane (THF) solution and of l b  in pyridine solution. The 'H, 
31P and 13C NMR study of l b  was performed in pyridine and dimethylsulfoxide 
(DMSO). 
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218 T. BOTTIN-STRZALKO era/. 

RESULTS 

IR and Raman spectra 

The spectra of la, l b  and of 2 are in Figure 1. The various assignments rely on the 
following arguments: 
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STUDY OF CARBANIONIC SPECIES 219 

TABLE I 

Raman and infrared vibrations modes frequencies and assignments of bis(diethoxyphosphony1)-methane 2 
and its carbanionic species: l a  and lb  

Pure liquid Solid state THF solutions Pyridine solutions 

Assignmentsa 2(R) 2 ( W  la (IR) 2(IR) la(1R) 2(IR) lb(1R) 

1478 w 
1457 m 
1446 sh 
1394 m i""' 

(1168 w 

1099 s 

1024 w 

[ 951 w 

828 m 
811 m 
776 m 
719 sh 
694 s {g 
252 m 

1479 w 
1457 sh 
1444 m 
1393 m 
1368 m 
1295 sh 
1257 s 

1189 w 
1165 m 

1099 m 
1069 sh 
1048 s 
1027 s 
973 s 
942 sh 

829 s 
807 sh 

559 w 
517 m 
487 sh 
428 w 
335 w 
260 w 

1291 sh 

1226 s 
1191 s 

1112 w 
1095 w 

sh 
1040 s 
968 sh 
949 s 
882 w 
850 w 

790 m 
747 m 

551 m 

423 sh 

1480 w 

1392 m 

1261 s 

1179 m 
1168 m 

828 s 
811 sh 

562 w 
515 m 
486 m 
423 w 

1385 sh 1392111 1387m 
1376m 1368111 1362m 

1259 s 
1228 m 1247 m 
1193 s 1206 s 

1183 m 
11651x1 1166m 

1099111 1099m 

972 s 
941 sh 

789 m 
745 m 

554 m 

'Y (elongations), 6 (deformations), w (wagging) and r (rocking) values are gven in cm-'; intensities are 
indicated by sh: shoulder, w: weak, m: medium, s: strong. 

vibrations of an EtO group.12 These assignments in terms of group frequencies are 
given in Table I. 

A few points are worthy of comment: The v (P + 0) modes were assigned to the 
band and to the shoulder at 1257 and 1295 cm-' in IR and 1253 and 1286 cm-' in 
Raman; the slight difference between IR and Raman frequencies suggest some 
coupling between the two P + 0 groups. The two shoulders at 1295 and 1286 could 
be due to a Fermi resonance with a combination (517 and 776), as they disappear in 
the spectra recorded in THF and pyridine solution. The Raman intense band at 694 
and shoulder at 719 cm-' were tentatively assigned to the modes v, (PCP) and v, 
(PCP) respectively, as a single intense Raman band is observed in this region for 
other phosphonates (EtO),P(O)CH,A (A = COCH,, COOCH,, CH,CN, 
CH,Ph).13 It is to be noted that Richard14 who studied the IR spectrum of 
bis(di-n-hexylphosphy1)-methane, has assigned the band at 718 cm- ' to the 
P-C6Hll vibration and the broad band around 800 cm-' to the P-C-P bridge. 
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220 T. BOTTIN-STRZALKO et nl. 

To our opinion the Raman frequency at 811 cm-' and the IR shoulder at 807 cm-' 
are rather due to a CH, rocking mode. 

The region below 550 cm-' is difficult to assign in the absence of calculated 
normal mode  vibration^.'^ 

Lithium and potassium associated carbanions 1. The IR spectrum of la in the 
solid state exhibited two strong bands at 1191 and 1226 cm-' which were assigned 
to the v (P .r. 0) mode of a species in which the Li+ is directly interacting with the 
two phosphoryl oxygen atoms, forming thus a chelate 4 where the anionic charge is 
delocalized over five atoms (OPCPO). 

.- .M+ . 
0' 

H 

This structural proposal was strengthened by the IR results obtained in THF 
solution (M+= Li+): Y (P .r .0 )  bands were observed at 1193 and 1228 cm-', the 
eventual solvation of the Li+ cation affecting poorly the anion-cation interaction. On 
the other hand, the K +  associated species in pyridine showed these two bands at 
1206 and 1247 cm-': the averaged frequency decrease, when going from the neutral 
precursor 2 to the anionic species 1, is thus 67 cm-' when M+= Li+ and 50 cm-' 
when M+= K+. These figures are very close to those previously observed with the 
related ester (EtO),P(O)CH,COOMe 5.8 The existence of two v (P x-. 0) bands in 
the anionic species could be assigned, as in the neutral molecule 2, to a dipolar 
coupling between two modes; however, such a multiplicity has been observed in the 
spectrum of 5.8 This can be due either to a Fermi resonance with a harmonic or 
combination, or to the existence of different species in solution. The presence of 
hexamers for the Na+ associated carbanion 1 has been indeed deduced from 
cryoscopic determinations in benzene s~lut ion.~ 

The medium intensity bands at 747 and 790 cm-' in the IR of the solid can be 
assigned to the vibrations vs (P-C-P) and v, (P-C-P): the averaged v (P-C) 
frequency shows a high frequency shift of 60 cm-', suggesting a P-C bond 
shortening in 1 related to the neutral precursor 2. 

NMR spectra 

The different data for lb and for the neutral precursor 2 are in Table 11. Our results 
in pyridine are in good agreement with the previously published data for 2293*5 and 
for l b  in C,H, ('H and 31P NMR).4 

The main features when going from the neutral precursor 2 to the anionic species 
are (a) a great increase in '.Ipc and '.ICH; (b) a high field chemical shift of C,; (c) a 
low field shift of 31P. The solvent change affects significantly and only slightly 
the 'Jpc and 'JCH coupling constants. 
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TABLE I1 
NMR dataa of bis(diethoxyphosphony1)-methane 2 and anionic species lb (solvent: dimethyl sulfoxide and pyridine) 

Compounds 
(solvent) 61, 'HI 6H2. 6H3? ac, kc2. 6C,. 'JPH, lJPCl 

2 (DMSO) 19.0 2.63 4.03 1.23 23.74 61.6, 16.0, -21.0,' 13 3. lb9' 
19.0 2.88 4.24 1.26 25.67 62.3, 16.4, - 20.9, 134.5b 124.5 

lb (DMSO) 40.1 0.35 3.76 1.13 9.64 58.4, 16.4, -5.8,' 214.5' 143.8 
1b (4r) 41 .O 1.06 4.01 1.27 9.6, 59.g 16.13 - 5.8, 212.9 145.1 

ij 2 (W 

cn 
*6iH and 613, in ppm from internal Me4Si. 631, in ppm relative to external H,P04 (85%). Positive 6 values are in the direction of increasing frequency. J values in 

'From "C ('H) off-resonance experiments, SKI and 'JPH, are of opposite signs i.e. 'JpHI is negative." 

% n 
m 
U Hertz. 

bFrom 'H ("P) experiments, 'JKl and 'Jclr bear the same sign i.e. 'JPcl is positive. cn 
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DISCUSSION 

From the IR spectra, it appears that the Li+ and the K +  associated anionic species 1 
adopt a chelate structure 4, the anion-cation interaction being stronger in the former 
case than in the latter, as expected. The NMR data for l b  in pyridine are consistent 
with such a symmetrical chelate structure as the P(OEt), groups are equivalent. A 
similar equivalence is observed in the spectra in DMSO solution which could 
correspond either to a single symmetrical chelate or to a rapid interconversion 
between species of different geometries. Furthermore from the 'Jpc, and 'JCIH, 
values, the central anionic carbon is planar or nearly  SO,^-^ as previously proposed 
for 1 (M+= Na+) in CCl, solution.' INDO-SCPT calculations of 'Jpc, and 'JCIH, 
values, performed with the assumption of a planar carbon, are in fair agreement with 
the experimental data.15 The slight discrepancy between the calculated 'Jpc, (201 
Hz) and the experimental value (214 Hz) cannot be explained by any pyramidaliza- 
tion of the carbanionic center, as this would have induced a decrease in 'JPc instead 
of an increase as observed. 

From literature data,16." it appears that the sign of ,JPH depends upon the 
hybridization of the central carbon: when C, is sp3, 2JpH is negative while it becomes 
positive when C, is sp2. Indeed, positive 'JPH have been observed in all the 
previously studied anionic species [(EtO),P(O)CHA]-M+ (A = CN, Ph, COOMe, 
COMe). This is not the case for l b  as 'JPH is small but negative, although C, can be 
considered as planar from the experimental and calculated 'Jpc and ?lcH values. 
Such a discrepancy sets the unsolved problem of the estimation of the various 
factors affecting the signs and the magnitude of two bond coupling constants. 

The increased shieldings of C, and H, as well as the deshielding of 31P when going 
from the neutral precursor 2 to the anionic species 1 is in agreement with a 
P+-C- polarisation of the carbon phosphorus bond, as deduced from infrared 
intensities data. 

Finally, a comparison can be done between la, b and the platinum complex 6 
(R = OEt) obtained from la  and [Pt,Cl,(PEt,),]. The structure of this complex is 
proposed by analogy with 6 (R = Ph), the structure of which has been determined 
by X-ray crystallography.2 

The averaged decrease in v (P + 0) from 2 to 6 (91 cm-') and from 2 to la  (67 
cm-l) suggests a larger decrease of the P .Y. 0 force constant in the former case than 
in the latter. While the 31P chemical shift are similarly deshielded related to 2, in 6 
(35.7 ppm) and in l b  (41 ppm), the *JPH values are quite different (6 (- 21.5 Hz), 1 
( - 5.8 Hz)) as expected for a change in hybridization from sp' in 6 and 2 ( - 21 Hz) 
to sp2 in lb. Both IR and NMR results confirm that the charge delocalization in the 
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STUDY OF CARBANIONIC SPECIES 223 

C(PO),Li cycle is lessened when going from the planar 1 (i.e. 4) to the boat form 6. 
The anionic charge being probably more localized on the two oxygen atoms in 6. 

EXPERIMENTAL PART 

The experimental conditions are the same as in the reference 8. 
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