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Summary 

Lithium bis(diphenylphosphino)amide (2) reacts with chlorotriorgano- and di- 
chlorodiorganosilanes to form either N-silylbis(diphenylphosphino)amides (3) or the 
isomeric P-diphenylphosphinodiphenylphosphine(silylimides) (4) or an equilibrium 
mixture of both. The nature of the product depends strongly on the nature of the 
substituents attached to silicon. 29Si and 3’P NMR spectroscopy were used to 
differentiate between the two structures. 

In N, N-bis(trimethylsilyl)aminodiphenylphosphine the two silyl groups were 
found by NMR spectroscopy to be non-equivalent at low temperature in solution, 
and this is attributed to hindered rotation about the P-N bond, with an in-plane 
(Si,NP) orientation of the lone pair of electrons at phosphorus as the ground state. 
The reaction of 2 with (CH,),PCl does not yield triphosphinoamine species; 
instead, a P-phosphinophosphinimine (5) is obtained, which is closely related to the 
silyl analogues of formula 4. 

Introduction 

Trisilylamines I have for many years attracted considerable attention [l]. The 
bonding and reactivity of the planar NSi, skeleton are of continued interest to the 
theoretical and synthetic chemist. In contrast, the corresponding triphosphinoamines 
Ha are still virtually unknown [2]. Attempts at synthesis have almost invariably met 
with failure, the reported existence of (F,P),N and [(CH,),P],N being exceptional 
[3]. It appears that the P-P bonded isomers IIb are clearly favoured energetically, 
and definitely represent the energy minimum for the homoleptic system. 

* Dedicated to Professor Makoto Kumada. 

0022-328X/84/83.00 Q 1984 Elsevier Sequoia S.A. 



Among mixed systems the bis(N-silyl)phosphinoamines Illa have also been 
extensively studied, but no indication of any isomerism to species of type Illb has 
been reported [4-121. P--Si bonded species Illb seem to be energy-rich states 

compared to Illa species in this family. 
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Very little is known about the remaining species IV, having an SiNP, skeleton. 
For two well characterized materials, H,SiN(PF,), [13] and (CH,),SiN[P(C,H,),], 
[14], the trigonal unit of type IVa was confirmed, whereas neither of the other two 
possible isomers IVb, IVc could be detected. This finding is surprising, as both the 
P=N and the P-P moieties should favour the alternative IVb, which is closely related 
to Illb. 
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A study was therefore initiated, in which, primarily through the choice of 
substituents R’ at silicon, appropriate variation of steric and/or electronic effects 
should induce a shift of the above equilibrium towards IVb/IVc. Where species of 
the type IVa (and Illa) were encountered, investigation of their conformational 
preference was also necessary, since previous work with the system III had re- 
peatedly shown that rotation about the P-N single bond and inversion barriers at 
Pm were significant for a reliable description of the pertinent molecular structures 
and dynamics [7-111. Results of systematic studies of isoelectronic ylide systems are 
in full agreement with these predictions [15-l 81. Metal bis(diphenylphosphino)amides 
[19] and bis(phosphino)olefins show similar relative orientations of the P(C,H,), 

groups [20]. 

Preparation of N-silylbis(diphenylphosphino)amines 

The synthetic approach adopted to give the title compounds of type IV is 
straightforward, and similar to that used for trisilylamines I. Lithiated bis(diphenyl- 
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phosphino)amine (2) [14] was treated with an equimolar quantity of a chlorosilane in 
tetrahydrofuran at room temperature followed by heating to a temperature range 
from 40 to 65 ‘C for several hours. The yields were generally around 60-80%. 
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( a : R; = Me,, b: R; = Et,; c’R; = MePh,; d.R; = i-Pr3 ; 
e R;: i-Pr,CL, f. R;: Me,CI, g.R; = Ph3, g. R; = MeaPh ) 

Two types of products (3,4) were obtained, depending on the nature of R in the 
R,Si substituent, as clearly shown by the spectral data of the products (below). The 
compounds are colourless solids with melting points in the range of 100-150 o C, and 
sensitive to moisture. 

In three of the eight examples investigated both isomers could be detected in 
solution by NMR spectroscopy, their ratio either depending on the reaction condi- 

tions (3/4e,f), or reflecting establishment of equilibrium in solution (3/4d). At 
present no clear decision can be made about the relative stabilities of the isomers in 
the solid and in solution, respectively, as both may well differ in the two states. 

NMR, IR and mass spectra of iV-silylbis(diphenylphosphino)amines and their isomers 

Of the NMR data the 31P and 29Si spectra provide most direct structural evidence. 
3’P singlet signals are observed (‘H-decoupled) for isomers 3, but well defined 
AB-systems for isomers 4. The latter are characterized by a large P-P coupling (222 
to 232 Hz), and one chemical shift is in the range for three-coordinate Pm while the 
other falls into the range for tetra-coordinate Pv. 

The singlets of isomers 3 are also split into AB systems at low temperature, with 
coalescence points at ca. - 20 “C. The resulting low-temperature patterns have small 
P-P couplings (ca. 10 Hz) and the two chemical shifts are roughly symmetrically 
displaced from the high-temperature singlets. This temperature dependence is due to 
a restricted rotation around the P-N single bonds, with the unsymmetrical (C,) 
conformation IVa’ as the ground state, as noted previously [7-11,15-201. The 
activation energies E,, are 11.4 k 0.5 kcal/mol in all cases, from coalescence 

temperature measurements. 
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The 31P NMR spectra of isomers 4 are not temperature-dependent in this 
temperature range. The 29Si signals for isomers 3 are triplets at ambient tempera- 
tures with small 31P- 29Si coupling constants, but for isomers 4 doublets appear, with 
J(3’P-29Si) around 20 Hz. These characteristics rule out the presence of any P-Si 
bonded isomers IVc, which would require much larger J-values. The coupling 
constants are in good agreement, however, with those reported for other 
silylphosphinimines (Si-N=P) [21--231 and silylaminophosphines (Si-N-P) [24,25]. 
The temperature dependence was not investigated. Formulae IVa and IVb clearly 
apply to the two isomers observed in the present study. 

Formulae IVb requires a strong, relative broad absorption band due to the P=N 
stretching vibration, which is expected to appear in the range of 1270-1300 cm-’ 
[26-301. In fact, compounds 4h-4f show intense IR bands at 1290. 1310 and 1265 
cm-‘, whereas the remaining species 3a-3e have only weaker and sharp absorptions 
around 1250 cm-‘, assigned to S(CH,Si) and other vibrations [26]. 

The mass spectra do not discriminate between formulae 3 or 4. Molecular ions are 
observed in all cases, with fragmentation patterns depending markedly on the nature 
of the substituents. For 4f the presence of the 75/37C1 isotope pattern confirms the 
presence of a covalent Sic1 bond. 

The ‘H NMR spectra of bis(trimethylsilyl)aminodiphenylphosphine 

The title compound is a known species, easily prepared from alkalimetal bis- 
(trimethylsilyl)amides and diphenylchlorophosphine [4,14]. Its tetrahydrofuran solu- 
tions were studied by variable temperature ‘H NMR spectroscopy, and splitting of 
the CH,Si singlet into a l/l doublet was detected below -65 “C (coalescence 
temperature). An activation energy EA of 10.2 kcal/mol was calculated, for a process 
best described as a hindered rotation around the P-N single bond. 
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A ground state with the lone pair of electrons at phosphorus in the heavy atom 
plane PNSi, renders the Si atoms non-equivalent. It has been pointed out previously 
[15-201 that inversion at phosphorus would also account for the equilibration of the 
silyl groups at ambient temperature. It is known, however, that phosphine inversion 
barriers are generally much greater than 10 kcal/mol, and so this explanation is 
considered unlikely. 

Attempted preparation of tris(diorganophosphino)amines 

It has been shown previously that the usual synthetic approaches to [(C,H,),P],N 
give the isomeric (GH,),P-P(GH,),=NP(C,H,), [4]. We have confirmed these 
results in our own experiments. Several modifications of the reaction conditions did 
not lead to the desired product with a N-centered P,-triangle. It should be added that 



replacement of one P(C,H,), group by P(CH,), also does not result in formation of 
a P,N structure. A P-P bonded phosphineimine is again obtained. 

- LICI 
DC6HS)zP]2NLi + (CH3)_,PCI - (CH3)z6-~6H5)2 

N-fP(C6H,), 

(2) (5) 

The 3’P NMR spectra of the product resemble those of the parent hexaphenylated 
species. The spectra of simple reference compounds leave no doubt that the imine 
structure is again present [4,26-301. 

Compounds of the composition (R,P),NR’ with R’ = alkyl or aryl were found 
previously to exist in two isomeric forms, R,PN(R’)PR, and R,PP(R,)=NR’, in 
close analogy to our findings above. A marked substituent effect of R’ is the origin 
of the isomerism observed [31,32]. 

Experimental 

All experiments were carried out under dry purified nitrogen. Glassware was 
dried and filled with N,, and solvents were dried and saturated with N,. 

Spectrometers. Jeol C60 HL, Jeol FX 60, Bruker XL 90, Bruker CXP 200 for ‘H, 
13C, 31P and 29Si, respectively; Atlas 311A in the EI and FD mode; Perkin-Elmer 
577. 

Preparation of compounds, 3a-3c and 4b-4f 
General procedure. A suspension of bis(diphenylphosphino)amine (1) in benzene 

is treated with one mole-equivalent of n-butyllithium in hexane at 0 to 20 o C for 30 
min. Lithium bis(diphenylphosphino)amide (2) separates as a light yellow solid, 
which is filtered off, washed with hexane and dissolved in tetrahydrofuran to give a 
yellow solution. One molar equivalent of the silane is added with stirring at room 
temperature, and the reactions are completed by heating at 40-65 OC for several 
hours (see below for details). After removal of the solvents the products are 
extracted from the residue with benzene or toluene, and crystallized. Yields are 
generally between 50 and 80%. 

N-Trimethylsilylbis(diphenylphosphino)amide (3a) [14,4], white solid, yield 80%, 
m.p. 104’C. Analysis: Found: C, 70.36; H, 6.40. C,,H,,NP,Si (457.6) calcd.: C, 
70.87; H, 6.39%. Molecular mass 457, M+ (MS). 

N-Triethylsilylbis(diphenylphosphino)amide (3b), white solid, m.p. 105 ’ C. Analy- 
sis: Found: C, 70.96; H, 6.90; N, 2.72; P, 11.99, Si, 5.8. C,,H,,NP,Si (499.65) 
calcd.: C, 72.11; H, 7.06; N, 2.80; P, 12.39; Si, 5.62%. Molecular mass 499, M+ 

(MS). 
N-Diphenylmethylsilylbis(diphenylphosphino)amide (3c), white solid, m.p. 155 O C. 

Analysis: Found: C, 75.83; H, 5.44; N, 2.12; P, 10.71; Si, 5.0. C,,H,,NP,Si (581.71) 
calcd.: C, 76.39; H, 5.71; N, 2.40; P, 10.65; Si, 4.82%. Molecular mass 581, M+ 

(MS). 
N-(Triisopropylsilyl)bis(diphenylphosphino)amide (M) and its isomer 4. A mix- 

ture of the two isomers is obtained from reactions carried out either at 20 ‘C for 15 
h or at 40 ‘C for 1 h. The products could not be crystallized and analyzed. 
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Identification was by spectroscopy. C,,H,,NP,Si (541.72) molecular mass 541, n/l’ 
(MS). m/e = 498 (M - C,H,), 499 (M - C,H,), 357 (M - PC,,H,,). 

N-(ChlorodiisopropyIsiIyI)bis(diphenylphosphino)a~nide (3e) and its isomer 4e. The 
product is predominantly 3e from reactions carried out at 40 o C for 1 h, but 4e from 
reactions at 20°C for 15 h. The materials could not be crystallized and analyzed. 
Identification was by 3’P NMR spectroscopy (see below). 

N-(ChlorodimethylsilyI)bis(diphenylphosphino)amide (4f) and its isomer 3f. 4f is 
formed after 15 h at 20 ‘C, while 3f is obtained after 30 min at 40°C followed by 10 
min at 80’ C. Long reaction times at 20 ‘C ( 2 20 h) give a mixture of 3f and 4f. The 
products could not be crystallized and analyzed. C,,H,,ClNP,Si (477.91) molecular 
mass 477/479, M’ (MS) for 35Cl and 37C1 isotopes (3/l). 

Diphenylphosphino(diphenyl)~triphenylsily~imino]phosphorane (4g). white solid, 
m.p. 148’C. Analysis: Found: C, 76.57; H, 5.76; N, 1.73; P, 10.06; Si, 4.5. 
C,,H35NP2Si (643.78) calcd.: C, 78.36; H, 5.48; N, 2.77; P, 9.62; Si, 4.36%. 
Molecular mass 643, M+ (MS); 458 (M - PC,,H,,), 259 (SiC,,H,,). 

Diphenylphosphino(d~phenyl)[dimethylphenylsilylimino]phosphorane (4h), white 
solid, m.p. 95’C. Analysis: Found: C, 70.03; H, 5.96; N, 2.45; P, 11.64; Si, 5.9. 
C,,H,,NP,Si (519.64) calcd.: C, 73.96; H, 6.01; N, 2.70; P, 11.92; Si, 5.40%. 
Molecular mass 519, M+ (MS); 442 (M- C,H,); 334 (1w- PC,,H,,). 

Dimethyfphosphino(diphenyI)[(diphenylphosphino)iminojphosphorane (5). The 
compound is obtained as described for 3 or 4 from 2 and (CH,),PCl. Its 31P NMR 
spectrum (6, ppm) can be consistently interpreted by the following set of parame- 
ters: 

Me,BP-Ph,AP=N-XPPh2: SA 22.1, dd, ‘J,, 230, *JAx 113 Hz; 6, - 19.0, dd, ‘Jsx 

6 Hz; 6, 40.7, dd. 
Ph,BP-Ph,AP=N-XPPh2: (for comparison [4]): SA 20.15, dd, ‘JAB 249, ‘J,, 93 

Hz. 6, -10.6, d, 3JBx small. 6, 40.15, d. 
‘H NMR spectra: The ‘H spectra (S, ppm) of the compounds 3 and 4 show an 

aryl multiplet between 6.5 and 7.6 ppm, in correct intensity ratio with the alkyl 
signals. The chemical shifts of these alkyl resonances are as follows: 6 - 0.2, s, CH,, 
3a; 0.5, A,B,, C,H,, 3b; 0.6, A,B, C,H,, 3d and 3e; -0.1, s, CH,, 3c and 4h; 0, s, 
CH,, 4f (C,D, was used as a solvent, S relative TMS, 30°C). 

‘“Si NMR spectra: Proton-decoupled 29Si spectra were obtained from C,D, 
solution containing Cr(acac), as a relaxation promotor at 30 “C. S was measured 
relative hexamethyldisiloxane and converted to TMS. 

3a: S 9.19, t, *J(PSi) 7.6 Hz 

3b: 6 14.62, t, ‘J(PSi) 4.4 Hz 

3c: S -7.62, t *J(PSi) 3.5 Hz 

3f: S 14.59, t, *J(PSi) 5.5 Hz 
It-it. ratio 

4f: 6 -13.42, d, *J(PSi) 23.2 I 
l/2.8. 

Hz 

4g: 6 -20.58, d, *J(PSi) 23.5 Hz 

4h: S -25.87, d, *J(PSi) 19.1 Hz 

Reference compounds [21]: 
Me,P=N-SiMe, S - 13.75, *J(PSi) 18.6 Hz 
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Et,P=N-SiMe, S - 15.73, 2J(PSi) 22.0 Hz 
Ph,P=N-SiMe, 6 - 11.92, 2J(PSi) 22.0 Hz 

3’P NMR spectra: Proton-decoupled 31P spectra were obtained from C,D, 
(30 “C) or C,D,CD, solutions. S-values (ppm) are given relative H,PO, (85% in 
water). 
3a at 30°C: 6 54.1, s; at - 54’C: S 55.9 and 49.0, broadened AB-system. Coales- 
cence temperature - 23 o C; E, 11.4 kcal/mol. 
3b at 30 OC: 6 54.0, s; at - 80 OC: S 61.3 and 51.8, broadened AB-system. Coales- 
cence temperature - 22’ C; EA 11.3 kcal/mol. 
3c at 30 “C: 6 54.3, s; at - 52OC: S 56.4 and 48.9, AB, 2JAB 9.1 Hz. Coalescence 
temperature - 20 ‘C, EA 11.5 kcal/mol. 
3d at 30°C: 6 53.1, s. 
3e at 30 o C: 6 54.4, s. No splitting is observed even at - 65 o C. 
3f at 30 “C: 6 53.8, s; at - 37 “C: S 56.3 and 48.9, AB ‘JAB 12.2 Hz. Coalescence 
temperature -23°C EA 11.35 kcal/mol. 
4d at 30 “C: 6 - 0.6 and - 20, AB, ‘J,, 229 Hz 
4e at 30 ‘C: S - 0.7 and - 17.4, AB, ‘JAB 222 Hz 
4f at 30 ‘C: S 5.6 and - 18.4, AB, ‘J,, 232 Hz 
4g at 30 ‘C: 6 4.8 and - 14.6, AB, ‘J,, 232 Hz 
4h at 3O’C: 6 2.4 and - 17.8, AB, ?I,, 226 Hz 

Acknowledgments 

Support of this work by Deutsche Forschungsgemeinschaft, Fonds der Che- 
mischen Industrie, and Hoechst AG is gratefully acknowledged. We thank Dr. F.H. 
Kreissl for mass spectra, Diplom-Chemiker S. Schnatterer for NMR spectra, and M. 
Barth and U. Graf for elemental analyses. 

References 

1 G. Wilkinson, F.G.A. Stone and E.W. Abel (Eds.), Comprehensive Organometallic Chemistry, Vol. II, 

pp 1 ff, Pergamon Press, Oxford 1982; A. Stock and C. Somieski, Ber., 54 (1921) 140; K. Hedberg, J. 

Am. Chem. Sot., 71 (1955) 6491. 

2 H.-J. KIeiner in Ho&en-Weyl Methoden der Organ&hen Chemie, Organische Phosphorverbin- 

dungen I, Band E 1, Thieme Verlag Stuttgart 1982, p. 266 ff. 

3 A.B. Burg and J. Heners, J. Amer. Chem. Sot., 87 (1965) 3092; A.B. Burg and P.J. Slota, ibid., 80 

(1958) 1107; R.I. Wagner and A.B. Burg, ibid:, 75 (1953) 3871. 

4 H. Nbth and L. MeineI, Z. Anorg. A&. Chem., 349 (1967) 225. 
5 E. Niecke and W. Flick, Angew. Chem., 85 (1973) 586; Angew. Chem. Int. Ed. Engl., 12 (1973) 585. 

6 E.P. Flindt and H. Rose, Z. Anorg. Allg. Chem., 428 (1977) 204. 

7 R.H. Neikon, R. Chung-Yi Lee and A.H. Cowley, J. Am. Chem. Sot., 97 (1975) 5302; Inorg. Chem., 

16 (1977) 1455. 

8 J.C. Wilbum and R.H. Neilson, Inorg. Chem., 16 (1977) 2519; 18 (1979) 347. 

9 R.H. Neilson, P.Wisian-Neilson and J.C. Wilbum, Inorg. Chem., 19 (1980) 413. 

10 R.J. Cross, T.H. Green and R. Keat, J. Chem. Sot. Dalton Trans., (1976) 1424; R. Keat, 

L. Manojlovic-Muir, K.W. Muir and D.S. Rycroft, ibid., (1981) 2192. 

11 I.J. Colquhoun and W. McFarlane, J. Chem. Sot. Dalton Trans., (1977) 1674: (1982) 1915. 

12 R.H. Neilson, Inorg. Chem. 20 (1981) 1679; R.H. Neilson and P. Wisian-Neilson, Inorg. Chem., 21 

(1982) 3568; D.W. Morton and R.H. Neilson, Organometallics, 1 (1982) 623; H.R. O’NeaI and R.H. 

Neilson, Inorg. Chem., 22 (1983) 814. 

13 E.A.V. Ebsworth, D.W.H. Rankin and J.G. Wright, J. Chem. Sot. Dalton Trans., (1979) 1065. 



180 

14 A. Wohlleben-Hammer, Dissertation Techn. Univ. Munich, 1978. 

15 H. Schmidbaur, U. Deschler and B. Milewski-Mahrla. Chem. Ber.. 116 (1983) 1393. 

16 H. Schmidbaur. C.E. Zybill. C. Kruger and H.J. Krauss, Chem. Ber., 116 (1983) 1955. 

17 H. Schmidbaur, S. Strunk and C.E. Zybill, Chem. Ber.. 116 (1983) 3558. 

18 H. Schmidbaur, B. Milewski-Mahrla. G. Mtller and C. Kruger. Organometalhcs, 3 (1984) 38 

19 H. Schmidbaur, S. LauteschIager and B. Milewski-Mahrla, Chem. Ber.. 116 (1983) 1403. 

20 H. Schmidbaur, R. Herr and J. Riede, Chem. Ber., 117 (1984) m press. 

21 W. Buchner and W. Wolfsberger. Z. Naturforsch. B, 32 (1977) 967: 29 (1974) 328. 

22 E.P. Flindt, H. Rose and H.C. Marsmann, Z. Anorg. Allg. Chem., 430 (1977) 155. 

23 0. Schlak, W. Stadelmann. 0. Stelzer and R. Schmutzler. Z. Anorg. Allg. Chem., 419 (1976) 275. 

24 A. Rastelli and S.A. Pozzoli, J. Mol. Struct., 18 (1973) 436. 

25 W. Buchner and W. Wolfsberger, Z. Naturforsch. B, 32 (1977) 967. 

26 H. Schmidbaur and W. Wolfsberger, Chem. Ber., 100 (1967) 1000. 

27 H. Schmidbaur and W. Wolfsberger, Chem. Ber.. 100 (1967) 1016; 101 (1968) 1664. 

28 H. Schmidbaur and G. Jonas, Chem. Ber., 101 (1968) 1271. 

29 H. Schmidbaur, H. Kroner and W. Wolfsberger, Chem. Ber., 100 (1967) 1023. 

30 W. Wolfsberger and H. Schmidbaur, J. Organomet. Chem.. 17 (1969) 41. 

31 V.L. Foss, Y.A. Veits, N.V. Lukashev, YE. Tsvetko and IF. Lutsenko. Zh. Obshch. Khim. 47 (1977) 
479. 

32 V.L. Foss, Y.A. Veits, T.E. Tret’yako and I.F. Lutsenko. Zh. Obshch. Khim., 47 (1977) 954. 


