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Achtergracht 166, 1018WV Amsterdam (The Netherlands) 
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The synthesis of novel bis(N-aryl-imino-phosphorany1)methanes of the type CH,(PR-iN-Ar), has 
been accomplished by reaction of methylene-bisphosphines with arylazides. These compounds have 
been fully characterized by 'H, "P and I3C NMR, IR spectroscopy, Field Desorption Mass 
Spectroscopy ( = FDMS) and elemental analysis. Variable temperature NMR experiments and single 
crystal X-ray structure determinations of CH,(PPh2=N-C,H4-CH,-4), (la) and CH,(PMeFN- 
C,H,-NO,-4), (lf) reveal that bis(N-aryl-imino-phosphorany1)methane occurs as tautomer 1. C stals 
of la are orthorhombic, space group Pcab, with a = 26.602(2), b = 20.521(1), c = 11.8859(7) ? and 
V = 6488.5(7) A" (2 = 8, R = 0.045 and R ,  = 0.066). The crystals of lf are monoclinic, space group 
C/2c, with a = 20.153(4), b = 5.952(1), c = 16.930(5) A, /I = 106.24(3)" and V = 1949.6(6) A3 (Z = 4, 
molecular symmetry C,, R = 0.051 and R ,  = 0.079). Both molecules consist of 2 iminophosphoranyl 
units brid ed by a methylene group. The P = N  bond distances of 1.568(2) and 1.566(2) A for la  and 
1.580(4) i! f,: lf represent normal values for iminophosphoranyl compounds. The N-C bond lengths 
of 1.386(2) and 1.390(2) A (la) or 1.372(5) A for If indicate that some electron delocalisation over the 
N-aryl moiety takes place. In la  the electron delocalisation takes place separately in each 
iminophosphoranyl entity, while in lf electron delocalisation occurs only in the N-aryl-NO, moiety. 

Compound l a  is easily deprotonated using lithium-diisopropylamide or NaH and shows typical 
iminophosphoranyl chemistry, since with CO, an aza-Wittig reaction has been found and with HX 
(X=CI, Br) protonation of both imide nitrogen atoms has been observed. 

Key words: Iminophosphorane; bis(iminophosphorany1)methane; X-ray crystal structure; amino- 
phosphonium; iminophosphoranylmethanide; organophosphorus. 

INTRODUCTION 

The synthesis, structure and chemistry of iminophosphoranes have been thoroughly 
explored and reported in reviews (e.g. ref. 1). Despite the fact that several 
bis(iminophosphorany1)methane ( = bipm) compounds (l), in which two imino- 
phosphoranyl units are bridged by a rnethylene group, are known and their 
synthesis is little attention has so far been focussed on their 
chemistry and structural characterization, for instance not one crystallographic 

t To whom correspondence should be addressed. 
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study has been reported to date. This lack of data is surprising, the more because 
interesting chemistry of such polyfunctional molecules can be expected a priori. 
In particular, the presence of two strongly polarized P=N moieties bridged by a 
methylene group may give rise to novel structural and chemical features. Our 
particular interest lies in the possible coordination and C-H activation of this 
virtually unexplored ligand toward electron rich transition metal centres, as can 
be inferred from a recently published preliminary account on the coordination 
and organometallic chemistry of bipm with Rh(1)  compound^.^ In order to be 
able to draw comparisons between structural and spectroscopic features of the 
free ligands on the one hand and their organometallic derivatives on the other 
hand, we have first 
investigation of several 

turned our attention to the synthesis and structural 
members of this group of potentially versatile ligands. 

1 1 

c c  
I \  I \  

R '  R "  R '  R '  

2 2 '  

Concerning the molecular structure of bipm (1) one may anticipate tautomeric 
behaviour in solution as has been found for the isoelectronic bis(methy1ene- 
phosphorany1)methanes (2). Appel ef ~ 1 . ~  could establish a tautomeric equi- 
librium for 2 (R = Ph, R' = R"= SiMe,): a hydrogen migrates from the central 
carbon atom in 2 to the terminal ylid carbon atom to give 2'. However 
Schmidbaur et al.' showed that bis(pheny1-methylene-diphenylphosphorany1)- 
methane (2; R = Ph, R' = H, R = Ph) exists as tautomer 2' both in solution and 
in the solid state. 

As expected, the reactivity of bipm is strongly influenced by the polar character 
of the P=N bond. The methylene bridge, however, has a substantial impact on 
the final product formation. Appel et aL3 found that reaction of N-silyl 
substituted bipm (1; R = P h ,  R=SiMe3) with HC1-gas leads to an amino- 
[phosphoranylidenamino]-phosphonium chloride (equation 1). The first step in 
this reaction is probably the formation of bipm (1) with R = Ph and R' = H via 
substitution of both trimethylsilyl groups by hydrogen (Equation 1). After 
protonation of one of the iminophosphoranyl groups by HCl, nucleophilic attack 
of the imide nitrogen on the electrophilic phosphorus atom of the protonated 
iminophosphoranyl entity takes place. The final product is formed in a rearrange- 
ment reaction in which the P-C bond, involving the methylene group, is broken 
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and a P-N bond as well as a methyl group is formed. When N-phenyl substituted 
bipm (1, R = R' = Ph) is reacted with aqueous hydrochloric acid, hydrolysis 
occurs instead due to nucleophilic attack of water on the aminophosphonium 
entity with the formation of monomeric phosphinoxides and aniline as the sole 
products (Equation 2).4*8 

Ph, "\ * H  Ph 

(2) p h - ~ / ~ ' p L - p h  I1 I 1  - HCIIH,O :>[-NNHPh f Ph>p-CH, + PhNH, 
ph I1 

0 0 
ph/N' \N, Ph 

In this paper the synthesis and structure of several novel bis(iminophos- 
phorany1)methanes (bipm) are reported. The structure of bipm in solution was 
studied by variable temperature 'H and 31P NMR and in the solid state by IR 
spectroscopy and single crystal X-Ray structure determinations of bis(p-tolyl- 
imino-dipheny1phosphoranyl)methane (la) and bis(p-nitro-phenyl-imino-di- 
methylphosphorany1)methane (19. In addition, reactions of la towards COz, 
some bases and HX (X = CI, Br) have been carried out and will be discussed to 
illustrate the basic chemistry of bis(iminophosphorany1)methanes. It will be 
shown that, in contrast with the aforementioned results obtained by Appel et al? 
and Aguiar et aL4-' the reaction of l a  with HX leads to the exclusive form- 
ation of the doubly protonated amino(aminophosphoniummethy1)phosphonium 
dihalide 4. 

RESULTS AND DISCUSSION 

Synthesis of Bis(iminophosphorany1)methanes (1) 

Several methods for the synthesis of iminophosphoranes are known, of which the 
Staudinger' and the Kirsanov" reactions are the most widely applicable. Gilyarov 
et a1.' showed that bis(N-aryl-imino-diphenylphosphoranyl)methanes, containing 
two P = N  moieties bridged by a methylene group, can only be synthesized using 
the Staudinger reaction (Equation 3). We used this method to synthesize the 
bis(N-aryl-imino-dipheny1phosphoranyl)methanes la,  c and e. The new bis(N- 
aryl-imino-dimethylphosphorany1)methanes lb,  d and f, with methyl substituents 
on both phosphorus atoms, were synthesized from bis(dimethy1phos- 
phino)methane ( = dmpm) and arylazides in a similar way (Equation 3). 

C H 2 ( P R z ) z  + 4-R1-CIM4-NI CMz(PRz=N-C,H4-R'-4)z  

a R i Ph. R'. Me. d R i Ma. R'  = Ma0 
b R = Ma. R'= Ma. e R = Ph. R'  = NO, 

c R * Ph. R's MaO. I R = Me. R'  = NO, 

(3) 

All compounds were obtained in good yield and no other reaction products 
were found. The bis(iminophosphorany1)methanes are not soluble in apolar 
solvents such as pentane and diethylether. Compounds la-d are quite soluble in 
benzene, halogenated solvents, THF, nitromethane and acetonitrile, in which 
compounds l e  and If (R' = NOz) are only slightly soluble. Decomposition of the 
bis(iminophosphorany1)methanes takes place upon prolonged standing in water, 
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404 I. IMHOFF er al. 

chloroform and alcohols (complete decomposition after circa 3 days). The 
P-phenyl substituted compounds appear to be insensitive towards moist air: after 
2 years they could be recovered unaltered. The P-methyl substituted compounds 
decompose slowly in air (complete decomposition after circa 2 weeks), but are 
thermally stable at room temperature for at least one year when stored under 
nitrogen. 

Molecular Structure of bis(iminophosphorany1)methanes 

NMR spectroscopy. Selected 'H, 13C and "P NMR spectral data of the 
bis(iminophosphorany1)methanes la-f measured at room temperature are listed 
in Table I. Full data are given in the Experimental section. 

In the 'H NMR spectra only one signal is found for both R' groups in la-ld 
indicating that these groups are isochronous. The signal for the methylene 
protons is split into a triplet due to coupling with the two equivalent phosphorus 
atoms. The 'J(P,H) of approximately 13Hz is in the range normally found for 
four coordinate P" compounds." The chemical shift values of the methylene 
protons show a high frequency shift in going from R = M e  to R = P h .  The 
chemical shift values for these protons in the P-phenyl substituted 
bis(iminophosphorany1)methanes are hardly influenced by variation of R' (com- 
pounds la,  l c  and l e ) ,  indicating that the electronic properties of R' are 
transmitted to the methylene group only by a a-inductive effect and not by 
mesomeric effects. Thus electron delocalisation takes place in each separate 
iminophosphoranyl entity but is not extended to the entire molecule. These 
findings are in accordance with the results from X-ray studies (vide infra). In 
compounds lb ,  Id and If a high frequency shift is observed in going from 
R' = Me to R' = N02,13 i.e. with increasing - I  effect of these substituents.. The 

TABLE I 
Selected 'H. I3C, 31P NMR" and IR" data of bis(iminophosphorany1)methanes. 

(p-R'-C,H,-N=PR,),CH2 

Compound IHC l3c{ 1 H ) C . C  31P{ IH} IR 

R R' 6(CH,) 'J(P,H) 6(R') 6(CH,) 'I(P,C) 6 P(P==N) 
l a  Ph Me 3.70(t) 13.6 2.17 30.5(t) 63.5 0.1 1323 
l b  Me Me 2.63(t)g 12.9 2.23 31.5(t) 57.4 5.6 1334 
l e  Ph OMe 3.67(t) 13.6 3.70 - - -2.5 1342 
Id Me OMe 2.54(t)g 12.7 3.69 31.2(t) 57.4 5.4 1344 
le Ph NO, 3.66(t) 13.6 - d d 1.8 1282 
lf' Me NO, 2.97(t) 12.7 - d d 14.1 1285 

Chemical shift values in ppm relative to Me,Si for IH and I3C spectra and to 85% H,PO, for 31p 
spectra. Coupling constants in Hz. Solvent CDCI,. Complete spectral data: see Experimental 
section. 

KBr pellets; values in cm-I. 
t = triplet; 
Not determined due to low solubility. 
Solvent CD,CI,. 

'Solvent CD3N0,. 
g IH NMR (CD,NO,): l b  6(CH2) 2.38 ppm, zJ(P,H) = 12.9 Hz; Id 6(CH,) 2.32 ppm, ,I(P,H) = 

12.8 Hz. 
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inductive effect of R’ in the P-methyl substituted compounds is more pronounced 
compared to the P-phenyl substituted compounds since in the latter the electronic 
effects are diminished by electron delocalisation into the phenyl rings. 

In compounds lb,  Id and lf the P-CH3 protons show the X part of a AA’X& 
coupling pattern.l3 The intensities of the signals and the chemical shift values for 
compounds la-lf are in agreement with predominant (>99%) presence of 
tautomer 1. 

The 13C chemical shift assignments were made by comparison with the 
appropriate mono-iminophosphoranes. l4 AA’X2X; and AA’)dX; coupling pat- 
terns were found for Cortho of the N-aryl groups and for Cortho and C,,,, for the 
P-Ph substituent respectively (la). The chemical shifts and coupling constants 
within the aryl rings correspond to those found for mono-iminoph~sphoranes,’~ 
indicating a similar charge distribution within the phenyl and aryl substituents. 
Computer simulation of the AA’X2X; I3C NMR coupling patterns for the P-CH3 
groups gives ‘J(P,C) = 77.9 Hz, 3J(P’, C) = -8.4 Hz and ’J(P,P’) = 27.6 Hz for l b  
and ‘J(P,C) = 77.4 Hz, 3J(P’,C) = -8.2 Hz and ’J(P,P’) = 27.7 Hz for Id. The 
signal for the methylene carbon is split into a pure triplet with ‘J(P,C) = 63.5, 
57.4 and 57.4 Hz for la,  l b  and Id respectively, which are normal values for this 
type of four coordinate Pv compounds.6 

In the 31P NMR spectra only one signal is observed for the two phosphorus 
atoms. The chemical shift values are influenced in a similar way by variation of R’ 
as has been found for monomeric iminopho~phoranes,’~ i.e. high frequency shifts 
for stronger electron withdrawing R’ groups. All NMR data clearly demonstrate 
that the bis(iminophosphorany1)methanes have at least Cs symmetry in solution 
on the NMR timescale at room temperature. 

Variable temperature NMR experiments were performed in order to establish 
whether a tautomeric rearrangement to 1‘ occurs at low temperature, as has been 
found for the isoelectronic bis(methy1enephosphoranyl)methane 2.6 No change 
was observed in both ‘H and 31P NMR down to 193 K in CD2C12, indicating that 
tautomerization to 1’ does not occur and that bipm exists in the groundstate as 
tautomer 1 even at low temperature in solution. This difference in tautomeric 
behaviour with respect to the bis(methylenephosphorany1)methane 2 can be 
explained by invoking the higher basicity of the phosphinylid group in 1’ 
compared to the phosphinimide groups in l . I b . ”  Hence, the tautomeric equi- 
librium (Equation 4) lies completely on the left hand side for bis(iminophos- 
phorany1)methanes (1). In bis(methylenephosphorany1)methanes (2) the 
difference in basicity between the central and terminal phophinylid groups is less 
pronounced. Thus for compound 2 the equilibrium (Equation 4) is strongly 
influenced by variation of temperature and/or substituents on P and C.6*7 

X X X X 
/ n 

In accordance with the observations made by Aguiar et al. (4) the methylene 
protons of 1 are kinetically labile, as demonstrated by the disappearance of the 
triplet in the ‘H NMR spectrum in D 2 0  or CD30D solutions, due to H/D 
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406 I. IMHOFF ef al. 

FIGURE 1 The molecular structure of CH2(PPh2=N-C,H,-CH,-4),; (la). 

exchange reactions. In non purified commercial CDC13 enough D+ is present to 
give exchange with the methylene protons. 
IR spectroscopy. IR spectra (KBr) of the compounds la-f show one intense 
absorption in the 9(P=N) region (Table I). The absence of absorptions in the 
9(N-H), 9(P==C) or V(P-N) regions indicate that bis(iminophosphor- 
any1)methanes have structure 1 in the solid state as well. Variation of the para 
substituent R’ influences V(P=N) in a similar way as has been found for mono 
iminophosphoranes,’ namely a hypsochromic shift with increasing electron 
donating capacity of R’. Substitution of R = Ph by Me has little influence on 
F(P=N). 
Crystal structures of (4-CH3-C,H,-N=PPh,),CH, (la) and (4-N02-C6if4- 
N=PMeJ2CH2 (If): The molecular structures and the adopted numbering 
scheme are shown in Figures 1 and 2 for compounds la  and If respectively. 
Intramolecular bond distances and bond angles are given in Table I1 for l a  and in 
Table I11 for If. 

FIGURE 2. The molecular structure of CH,(PMe,=N-C,HsN0,-4)2; (rr). 
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TABLE I1 
Bond lengths (A) and angles (") of the non-H atoms of la  (e.s.d.'s in 

parentheses)' 

s:;:121 

122.1(2) 

C,-H,,,, and Cl-Hlo2 included. 
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TABLE 111 
Bond lengths (A) and angles (") of the non-H atoms of If (e.s.d.'s in 

parentheses). . 
pl-cl 1.819(4) G-C, 1.377(6) 

PI -C, 1.809(6) c7-c, 1.355(7) 
PrN1 1.580(4) C7-N2 1.446(5) 
c4-cs 1.400(7) C,-G 1.371 (7) 
c4-G 1.384(7) N2-01 1.212(6) 
CCNI 1.372(5) N2-02 1.209(7) 

c,-P,-C, 109.0( 2) C6-G-c" 119.9(4) 
C,-P,-C, 103.0( 3) G-G-N, 118.8(4) 
CI-PI-NI 112.5(2) CII-G-N, 121.3(4) 
G- p I -c, 105.8( 2) C7-CI3-G 120.5(5) 
CZ-PI-NI 106.4(2) C4-N,-C8 122.2( 5) 
C,- PI -N I 119.7(2) PI-NI-C, 128.9(3) 
C,-C4-G 116.0(4) G-N*-O, 120.5(4) 
CS-C4-Nl 117.7(4) G4J2-0, 117.7(4) 
C944-N I 126.2(4) OI-N,-O, 121.8(4) 
C,-C,-N, 122.1 (5) PI-CI-H, lOl(3) 
C,-C,-G 119.2(5) 

PrC, 1.790(5) C,-G 1.384(7) 

+HI 0.93(4) 

* C,-H, included. 

Both molecules consist of 2 equivalent iminophosphoranyl units bridged by a 
methylene group, as depicted in structure 1. Bipm l f  possesses molecular 
symmetry C, in the solid state. The P==N bond lengths (1.568(2) and 1.566(2) 8, 
for l a  and 1.580(4)8, for lf) are within the range normally found for 
iminophosphoranyl compounds containing a P=N-Ar unit . I 6  They may con- 
veniently be compared, for instance, with the bond distances of 1.567(6)8, in 
Ph3P=N-C6H4-Br-2,17 1.566(7) 8, in Ph3P=N-S-C6H3(N02)2-2,4,'8 
1.557(9) 8, in N3P3(NPPh3)(NC,H4)519 or 1.535(9), 1.553(9) and 1.585(9) 8, for 
C6(N02)3(N=PPh3)3.20 The mean P-C,, bond distances of 1.816(2) and 
1.814(2)8, in l a  lie within the range of values found for compounds with the 
general formula Ph3F'=X.I6 The P-Calk bonds in If of 1.790(5), 1.809(6) and 
1.819(4) and in l a  of 1.828(2) and 1.830(2) are a little shorter than the single 
bond values for P-C of 1.87 A2' or 1.85 8, in PMe3," but are comparable with the 
formal single P-C bonds in (Me3Si)2(+PPh4H=PPh2-CH(SiMe3)2 
(1.762(4) and 1.821(4) A), the tautomer 2' with R = Ph and R' = R = SiMe3.6 
The coordination geometry of the phosphorus atoms is approximately tetrahedral 
with bond angles at phosphorus between 103.4(1) and 117.4(1)' for l a  and 
between 103.0(3) and 119.7(2)0 for l f .  

The N - C  bonds (1.386(2) and 1.390(2)8, in l a  and 1.372(5) 8, in If) are 
significantly shorter than the usually observed 1.45 8, for C(sp2)-N(sp2) single 
bonds23 and the 1.417(11) 8, for Ph3F'=N-c6H.,-2-Br,'7 but longer than those 
found for C6(N02)3(N=PPh3)3 (average value 1.339( 13) or compounds with 
a N-C bond order of 1.5 (1.34 The N-C bond distance is of the same order 
of magnitude as in diazaphenanthrene," indicating that some electron delocalisa- 
tion over the N-aryl moiety takes place. In phosphazene systems electron 
delocalisation results from the interaction of the 2pn orbitals of the sp2 hybridised 
nitrogen with the 3d, orbitals of p h o s p h o r u ~ . ~ ~  When this delocalisation is 
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extended to the n-system of the aryl group on nitrogen a widening of the P-N-C 
angle from 120" and planarity of the P-N-aryl moiety is expected. In fact this is 
observed for compound la, where the P-N-C angles are enlarged (128.7( 1) and 
126.7(1)") and the P and N atoms are only little offset from the tolyl planes: The 
distances of PI and N1 towards the plane defined by C14-&0 are 0.143(9) and 
0.048(9) 8, and of P2 and N2 towards the plane defined by C33-C39 are O.Wl(8) 
and 0.030(8) 8, respectively. These geometrical features clearly demonstrate that 
electron delocalisation takes place separately in each iminophosphoranyl entity, 
and that there is no delocalisation over the entire molecule. The small angles 
between the phenyl planes CR-C13 and CZ1-Cz6 with the tolyl groups CI4-G0 and 
C33-C39 (8.8 and 6.1" resp.) are most likely caused by sterical repulsion within the 
molecule. The other phenyl groups are probably forced into a position in which 
small angles are made with the P1-CI-P2 plane (8 and 28"). In compound If the 
electron delocalisation is restricted to the Nl-aryl-N02 moiety, since the atoms 
C4-C, and Nl,  N2, O1 and O2 all lie within an approximate plane (maximum 
deviation from the plane is 0.09 A). The electron delocalisation is not extended to 
the P=N entity, which is clearly demonstrated by the angle of 24" between the 
plane defined by C4, N,  and P1 and the plane defined by C,-G, N2, O1 and 02, 
and by the distance of PI to this plane (0.44(2) A). 

The C,-H bond distances are 0.95(2) and 0.92(2) A for l a  and 0.98(4) A for If. 
The coordination geometry around the methylene carbon atoms is approximately 
tetrahedral with bond angles at CI between 104 and 115.2" for la  and between 
103 and 118.0' for If. 

All crystallographic data clearly demonstrate that the structural differences la  
and If are only small and can mainly be attributed to differences in electronic 
features of R and R' and the consequent differences in electron delocalisation 
within two separate iminophosphoranyl entities. 

Reactivity of l a  

As bipm is comparable with compounds' such as acetylacetone or methylene- 
bis(phosphinoxides) ,26 it is expected that it can easily be deprotonated by bases. 
As an example the deprotonation of l a  was studied. If the lithium- or 
sodium-bis( iminophosphorany1)methanides 3a and 3b could be synthesized, these 
would probably be suitable starting compounds for the synthesis of transition 
metal-bis(iminophosphorany1)methanide complexes containing a M-C bond via 
transmetallation reactions. 

We found that the protons of the methylene group are abstracted by the bases 
lithium-diisopropyl-amide ( = LDA) and NaH giving 3a and 3b respectively. The 
easily achieved deprotonation with LDA or NaH is in agreement with com- 
parable results obtained for the isostructural compounds, such as 
methylenebis(phosphinoxides)26 or phosph~noacetates.~' It has recently been 
shown that the lithium compound 3a is indeed an excellent starting compound in 
transmetallation reactions with [MLCI], (M = Rh, Ir; L = CO, = COD)5. In 
the reaction of l a  with BuLi decomposition into unidentifiable products took 
place, most likely as a result of a nucleophilic attack of BuLi on a phosphorus 
atom. The analogous TI compound, which would have been a very useful reagent 
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410 I. IMHOFF et al. 

for transmetallation reactions with metal chlorides, could not be synthesized from 
l a  and (q-CSHS)Tl in benzene or THF. This failure is probably due to the 
insolubility of (q-CsH5)Tl. 

Reaction of 3a or 3b with H20 gives l a  in quantitative yield. Reaction of l a  
with C02 gave methylenebis(phosphinoxide) as well as p-tolyl-isocyanate and 
N,N'-di-p-tolyl-carbodiimide in an aza-Wittig reaction. Thus l a  reacts firstly with 
C02 to form an isocyanate. The latter can react with l a  or the oxidized product 
CH,(PPhFN-p-tolyl)(PPhFO) to give the carbodiimide (Equation 5 ) .  This 
type of reaction is typical for iminophosphoranes'".' and has a direct analogy to 
the Wittig reaction of compounds containing a C=O function with phosphinylids. 

C H ,( P P h a  = N-p - loIyl ) ,  + CO, - 
( 5 )  

C H , ( P P h 2 * 0 ) ,  + p-tolyl-N=C=O + p-tolyCN=C=N-p.tolyl 

On prolonged standing in H20, CHJOH or CHC13 solutions (circa 3 days) l a  
decomposes into p-tolyl-amino-diphenylphosphinoxide and methyldiphenylphos- 
phinoxide via hydrolytic cleavage of the P-C bond. Aguiar et ~ 1 . ~  observed 
similar decomposition of bis(phenyLdiphenylphosphorany1)methane (1, R = R' = 
Ph) in aqueous hydrochloric acid (Equation 2). In the reaction of l a  with HX 
(X = CI, Br) the amino(aminophosphoniummethy1)phosphonium dihalides 4a and 
b, arising from double protonation of la,  were isolated. In contrast to the results 
of Appel et ul? and Aguiar et uL4 we found that these compounds are stable in 
solution and in the solid state at room temperature and that hydrolysis took place 
only after prolonged standing in the presence of water. Under the reaction 
conditions employed (short reaction time in benzene or a water/benzene 
mixture), compounds 4a and 4b could be isolated in good yield. Attempts to 
synthesize the mono protonated amino(iminophosphoranylmethy1)phosphonium 
chloride 5a from l a  with 1 equivalent HCl failed due to proton exchange 
reactions between la,  5a and 4a (Equation 6). In the 31P-NMR spectrum of the 
reaction mixture (C&./C&) three broad signals are found at approximately 0 
(la), 26 (5a) and 29 ppm (4a). Work up of this mixture gave according to the IR 
spectrum (KBr pellet), a mixture of l a  and 4a. Upon dissolution of the reaction 
products in CDC13 an equilibrium mixture was reestablished, as indicated by the 
'H and "P NMR spectra, in which broad signals were found that could be 
assigned to l a ,  4a and 5a (3'P: 0, 24 and 28ppm resp.; 'H NMR 3.7; 6.5 and 
5.2 pprn for the methylene protons and 11.0 and 9.4 ppm for the N-H protons of 
4a and 5a resp.) 

-2. 
M Y  I 

. .  . -  
Ph PhPh Ph 

4 I: XSCI 
b: X s l r  

HCI 

CH,(PPh,;N.p-lolyl),  - ( C H , ( P P h , ~ N - p - l ~ l y l ) ( P P h , ~ N H - p - l ~ l y l ) ] ' C l '  

1 I  5. - ( C H , ( P P h , - N H - p . l o l y l ~ , ] ~ ~ . 2 ~ l  

4. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



BIS( N-ARY L-IMINOPHOSPHORANY L)METHANES 41 1 

In the "P NMR spectrum of 4a and 4b one signal is found at approximately 
29ppm, representing a normal high frequency shift of ca 29ppm upon protona- 
tion of the imino n i t r ~ g e n . ~ , ~ *  In the 'H NMR spectrum one signal has been 
found for the N-H protons at 10.87 and 11.30ppm for 4a and 4b respectively. 
This signal is split into a doublet due to coupling over two bonds with one 
phosphorus atom. The methylene signals are found at 6.49 and 7.72ppm for 4a 
and 4b respectively. These values are within the range normally observed 
for hydrogen atoms bonded to a carbon atom which is attached to two 
formally positively charged atoms, i.e. in [CH2(PPh4H2Ph)2.2Br-]7 or 
[CHMe(CPh=O)(CPh-OH)Br]29. In their IR spectra (KBr pellets) signals are 
found at 2740 and 980cm-' that can be attributed to V(N-H) and V(P-N) of a 
RSP-NHR' group re~pectively.~" In view of these data the structure of 4 may be 
characterized as depicted, i.e. with two discrete aminophosphonium entities.') 

The decomposition reaction with water (vide supra) is due to nucleophilic 
attack of H 2 0  on the positively charged P atom and yields the same type of 
products as found by Aguiar et af. (Equation 2).4 The reactivity of compound l a  
towards HCI is different with respect to C H 2 ( P P h ~ N H ) ,  (the latter is the 
proposed intermediate in the reaction of CH2(PPh~N-SiMe3), with HCI). 
Whereas la reacts with HCI to give the doubly protonated compound 4a, 
CH,(PPh,-NH), reacts with HCI to give an amino-[phosphoranylidenamino]- 
phosphonium chloride (Equation l) ,  probably via an intermediate amino(imin0- 
phosphoranylmethy1)phosphonium chloride. The difference in reactivity of la and 
CH,(PPh,=NH), towards HCI may be attributed to the reduced nucleophilicity 
of the P=N-p-tolyl group in the intermediate amino(iminophos- 
phoranylmethy1)phosphonium chloride (5a) due to electron delocalisation within 
the aryl ring. 

EXPERIMENTAL 

IH and I3C NMR spectra were recorded on Bruker AClOO and WM250 spectrometers. 'lP NMR 
spectra were obtained on Bruker WPRO and AClW spectrometers. Chemical shift values are in ppm 
relative to Me,Si for IH and I3C spectra and to 85% H,PO, for "P spectra with high frequency shifts 
positive. Coupling constants are in Hz. IR spectra were recorded with a Perkin Elmer 283 
spectrophotometer. Field Desorption (FD) mass spectra were obtained on a Varian MAT71 1 double 
focussing mass spectrometer, fitted with a 10 pm tungsten wire FD-emitter containing microneedles 
with an average length of 3Oprn. and were performed by the Institute for Mass Spectroscopy of the 
University of Amsterdam. Elemental analyses were carried out by the section Elemental Analysis of 
the Institute for Applied Chemistry, ITC/TNO, Zeist, The Netherlands. 

All the reactions and manipulations were carried out in an atmosphere of purified nitrogen, using 
standard Schlenk techniques. Solvents were carefully dried and distilled prior to use, unless stated 
otherwise. 
Bis(dipheny1phosphino)methane (dppm) bis(dimethy1phosphino)methane (dmpm), (iPr),NH, NaH, 

n-BuLi in hexane and CF,COOH were obtained commercially and used without purification. 
p-R-phenylazide (R = NO,, Me, OMe),I and TICp3, were synthesized by literature procedures. 

Synrhesic of Eic(p-rolyl-imino-diphenylphosphorany/)melhane (la). In a typical experiment 5.64 g 
(=83 mmol) p-tolylazide in 20ml benzene was slowly added to a stirred solution of 8.0gdppm 
(=42 mmol) in 50 ml benzene at 60°C. After stirring the reaction mixture for 4 hr at 60°C the solvent 
was removed in vacuo. The residue was washed with petroleum ether (bp. 60-80°C) and pentane and 
dried in vacuo giving beige l a  in 98% yield. 'H NMR (CDCI,): 2.17 (6H); 3.70 (2H, t, 
,J(P,H) = 13.6 Hz); 6.42 (4H, d, 'J(H,H) = 8.3 Hz); 6.77 (4H, d, 'J(H.H) = 8.3 Hz); 7.23-7.46 
(12H. m); 7.60-7.81 (RH, m). "P('H) NMR (CDCI,): 0.1 ppm. "C{IH) NMR (CD,CI,): 30.5 (CH,, 
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412 I. IMHOFF et a/. 

t, '/(P.c) = 63.5 HZ); P-tOIyl: 20.6 (CH3); 123.3 (Cofih,,, Vt, 9.9 Hz"); 126.6 (Cpur,,); 129.7 (Cmers); 
148.6 (Civ); phenyl: 128.8 (C,,,,, vd, 6.2 Hz3,); 131.9 (Cpura); 132.5 (Cofihor vd, 4.7 Hz3'); Clp: not 
observed. FD mass found: m / z  = 594 (M+; calcd. for C,,HMN2P2: M = 594.68). AnaLcalcd. for 
C,H,N,P,: C, 78.77; H, 6.10; N, 4.71. Found: C, 78.42; H, 6.26; N, 4.79. 

Crystals suitable for crystal structure determination were obtained by diffusion of pentane into a 
CH2C12 solution of bis(p-tolyl-imino-diphenylphosphorany1)methane at 20°C and 1 atm. All the other 
bis(iminophosphorany1)methanes were synthesized according to the same procedure, unless stated 
otherwise. 

Synthesis of Bis@-tolyl-imino-dimerhy/phosphorany/)methane (lb). From 2.38 g dmpm (= 17 mmol) 
in 10 ml benzene and 4.73 g p-tolylazide (=34 mmol) in 20 ml benzene white l b  was obtained in 80% 
yield after work up with Et,O and d ing in vacuo. 'H NMR (CDCI,): 1.76 (12H, vd, 

(4H, d, -?I(H,H) = 8.2 Hz). ,IP{lH} NMR (CDCI,): 5.6 ppm. "C{IH) NMR (CD,Cl,): 17.5 (P- 

10.2Hz-',); 127.1 (C a,a); 130.0 (Cme1,); 148.4 (Civ, vd, 2.1 Hz"). FD mass found m / z  = 346 (M+; 
calcd. for CIyH2RN2#2: M = 346.40). Analxalcd for C,,H,,N,P,: C, 65.88; H, 8.15; N. 8.09. Found: 
C, 65.49; H, 8.19; N, 8.07. 

Synthesis of Bis( p-methoxy-pheny/-imino-dipheny/phosphorany/)merhane (lc). From 1.92 g dppm 
( = 5 mmol) in 10 ml benzene and 1.49 g p-methoxy-phenylazide (= 10 mmol) in 10 ml benzene a light 
brown powder l c  was obtained in 90% yield after work up with E t 2 0  and drying in vacuo. IH NMR 
(CDCI,): 3.67 (2H, t, ,J(P,H) = 13.6Hz); 3.70(6H); 6.53 (8H); 7.20-7.41 (12H, m); 7.58-7.80 
(8H.m). "P('H} NMR (CDCI,): -2Sppm. FD mass found: m / z  =626 (M+; calcd for 
C,,H,N,O,P,: M = 626.68). 

Synthesis of Bb(p-methoxy-phenyl-imino-dimerhylphosphoranyI)merhane ( la) .  1.49 g Dmpm 
(=10.9 mmol) in 10 ml benzene and 3.26 g p-methoxy-phenylazide (=21.9 mmol) in 30 ml benzene 
gave, after work up with Et,O, brown Id in circa 80% yield. IH NMR (CDCI,): 1.71 (12H. vd. 
J(P,H) = 11.7 Hz3'); 2.54 (2H, t, ,J(P,H) = 12.7 Hz); 3.69 (6H); 6.57 (4H, d. 'J(H,H) = 9.3 Hz); 6.69 
(4H. d. ,J(H,H) = 9.3 Hz). 31P{'H} NMR (CDCI,): 5.4 ppm. '3C{1H) NMR (CD,CI,): 18.1 (P- 
CH,, vd, 69.3 Hi?); 31.2 (CH,, t, 'J(P,C) = 57.4 Hz); p-anisyl: 56.0 (OCH,); 115.0 (C,,,.); 123.3 
(Con,,,,, vt, 8.8Hz"); 145.3 (Cip); 152.4 (Cparu). FD mass found m / z  =377 ((M- H)+; 
C,,H2,N,0,P2 requires M = 378.39). 

Synrhesis of Bis( p-nitro-pheny/-imino-diphenylphosphorany/)merhane (le).  During the addition of 
16.4 g p-nitro-phenylazide (= 10 mmol) in 40 ml benzene to a solution of 1.92 g dppm (=5 mmol) in 
25 ml benzene at 65°C a yellow powder precipitated. After stirring the reaction mixture for one hour 
at WC, evaporation of the solvent and washing with benzene and Et,O a yellow solid was obtained in 
90% yield. IH NMR (CDCI,): 3.66 (2H, t, ,J(P,H) = 13.6 Hz); 7.15-7.71 (28H. m). "P{'H} NMR 
(CDCI,): 1.8 ppm. FD mass found: m / z  = 656 (M+; calcd for C,7H,,,N404P,: M = 656.62). 

Synthesis of Bb(p-nirro-phenyl-imino-dimerhy/phosphorany/)methane (lf). In the reaction of 
0.634 g dmpm ( = 4.7 mmol) in 10 ml benzene with 1.53 g p-nitro-phenylazide (=9.3 mmol) in 50 ml 
benzene at 70" a yellow solid is formed. After stirring for 2 hours at  70°C the precipitate is filtered off, 
washed with Et,O and dried in vacuo, giving a yellow powder in 80% yield. Crystallization from 
acetonitrile gave orange crystals, which were suitable for crystal structure determination. IH NMR 
(CD,N02): 1.95 (12H. vd. J(P,H) = 12.1 Hz3,); 2.97 (2H, t, 2J(P,H) = 12.7 Hz); 6.70 
(4H, d, ,J(H,H) = 8.7 Hz); 7.93 (4H, d,  ,J(H, H) = 8.7 Hz). 31P{1H) NMR (CD,NO,): 14.1 ppm. FD 
mass found: m / z  = 408 (M+; calcd for CI7H,,N4O4P2: M = 408.34). Anal.calcd. for Cl7H,,N4O4P,: 
C, 50.00; H, 5.43; N, 13.72. Found: C, 49.54; H. 5.48; N, 13.60. 

Synthesis of Lithium-bis(p-ro/y/-imino-dipheny/phosphorany/)methanide (3.). 0.841111 of a 
0.57 M LDA ( = lithiumdiisopropylamide) solution in Et,O, which was prepared from diisopropyla- 
mine and butyllithium, was added slowly to a suspension of 284.8mg of la  (=0.48mmol) in 
20 ml Et,O. After stirring for two hours at room temperature a white solid had precipitated. After 
concentration to about half the volume and addition of 20 ml pentane the precipitate was filtered off 
under N, and washed with pentane yielding a white powder in quantitative yield. 'H NMR (C,D,): 
2.16 (6H); 3.7 (1H. br); 6.91 (20H); 7.62-7.82 (8H, m). ,lP{ IH} NMR (C,D,): 2.0ppm. 

Synrhesb of Sodium-bis(p-loly/-imino-dipheny/phosphorany/)melhanide (3b). A suspension of 
166.3 mg NaH (=6.93 mmol) in 20 ml THF was added to a solution of 1060 mg l a  (= 1.78 mmol) in 

J(P.H) = 11.9 Hz"); 2.23 (6H); 2.63 (2H, t, r J(P,H) = 12.9 Hz); 6.62 (4H, d. ,J(H,H) = 8.2 Hz); 6.94 

CH,, vd, 69.9Hz"); 31.5 (CH,, t, 'J(P,C) =57.4H~) ;  p-tolyl: 20.7 (CH,); 122.6 (Cnnho. vd, 
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15 ml THF. After stirring for 1.5 hr at room temperature the yellow solution was filtered and 
evaporated to dryness in vacuo. After washing with pentane a light yellow powder was obtained in 
quantitative yield. 'H NMR (C,D,): 2.20 (6H); 3.6 (lH, br); 6.80-6.98 (20H. m); 7.65-7.86 (8H. m). 
I'P{ 'H} NMR (C,D,): -2.3 ppm. IR v ( b N )  = 1328, 1303. AnaLcalcd. for C,,H,,N,NaP,: C, 75.%; 
H, 5.72; N, 4.54; P, 10.05. Found: C, 75.95; H. 6.07; N, 4.27; P, 10.29. 

Hydrolysis of 3a and 3b. To a solution of 0.05 mmol 3a or 3b in 4.5 ml C,D, 60 pl H,O was added. 
l a  was obtained in quantitative yield according to 'H and "P NMR. 

Reaction of la  with (q-CsHs)TL To a suspension of 108mg (q-C,H,)TI (=0.40mmol) in 10ml 
benzene, 243 mg l a  (=0.41 mmol) was added slowly. After stirring 1 hr at room temperature no 
reaction was observed. Even after refluxing a mixture of (q-C,H,)TI and l a  in equimolar quantities in 
THF for 4 hrs no reaction had occurred. 

Reaction of La with CO,. CO, gas, which was obtained by slow evaporation of solid CO, at room 
temperature, was bubbled through a solution of 171 mg la  ( = 0.29 mmol) in 30 ml benzene at room 
temperature for 3/4 hour and at 60°C for another 3/4 hour. Then the solvent was removed in vacuo. 
The residue was washed with pentane and dried in vacuo giving a white powder, which was analysed 
as CH,(PPh,=O), by IR, 'H and "P NMR spectro~copy.~~ The products obtained by evaporation of 
the solvent of the combined washings could be identified as p-tolyl-N=P=O and p-tolyl-N=C=N-p- 
toIyI in a ratio of circa 2:1.3s 

Reaction of l a  with HCI. 
method 1: Dry HCI gas. obtained by addition of concentrated H2S04 to NH4CI, was bubbled 

through a solution of 200 mg l a  ( = 0.34 mmol) in 25 ml benzene for 1 hour at room temperature. 
Then the solution was evaporated to dryness in vacuo. The residue was crystallized from acetone 
giving white crystals (4s) in circa 90% yield. which were quite soluble in water, dichloromethane and 
chloroform, but slightly soluble in acetone and benzene. 'H NMR (CDCI,): 2.13 (6H); 6.49 (2H, t, 
,J(P,H) = 15.6 Hz); 6.65 (4H. d, -'J(H,H) = 8.6 Hz); 6.79 (4H, d, 'J(H,H) = 8.6 Hz) 7.41- 
7.72(12H, m); 8.07-8.28 (8H, m); 10.87 (2H, d, ,J(P,H) = 5.6 Hz). 'H} NMR (CDCI,): 28.7 ppm. 
IR: O(N-H) = 2740cm-I; P(P-N) =980cm-'. AnaLcalcd. for C,,H,,C12N,P,: C, 70.17; H, 5.77; 
N ,  4.20; CI, 10.62. Found: C, 69.09; H, 5.99; N ,  4.28; CI, 10.53. 

method 2: Addition of 6ml of a 10% HCI solution in H,O to a solution of 183.1 mg la  
(=0.30 mmol) in 10 ml benzene gave instantaneously a white precipitate. After stirring for 5 minutes 
the benzene was evaporated in vacuo. The water layer was extracted with CH,CI, (2 x 5 ml). After 
drying and evaporation of CH,CI, 4s was obtained in 84% yield. 

l a  with 1 equivalent HCI: To a solution of 265.8 mg l a  (=0.447 mmol) in 9.5 ml benzene 2 ml of a 
0.223N HCI solution in Et,O was added. During stirring the reaction mixture a white powder 
precipitated. After stirring for 1.5 hr. the precipitate was filtered off. The residue could be identified 
as 4a. The filtrate was evaporated to dryness. According to the IR spectrum (KBr pellet) the residual 
white powder was a mixture of l a  and 4a. In solution (CDCI,) an equilibrium between la, 5. and 4s 
was established as indicated by 'H and "P NMR (Sn, 'H NMR: 2.1(s); 5.2(brt); 6.8(br); 7.3-8.l(br); 
9.4 ppm(br); 3'P NMR: 24 ppm(br)). 

Reaction of In with HBr. To a solution of 173.9 mg l a  ( = 0.29 mmol) in 10 ml benzene 6 ml of a 
16% HBr solution in water was added. During stirring for lominutes a white powder precipitated. 
After evaporation of the benzene the waterlayer was extracted with CH,CI, (2 x 5 ml). Evaporation 
of CH,CI, gave white 4b in quantitative yield. 'H NMR (C,D,): 1.82 (6H); 6.63 (4H, d ,  3J(H,H) = 
8.2 Hz); 6.85-7.12(12H, m); 7.32 (4H, d, 'J(H,H) = 8.2 Hz); 7.72 (2H. t, ,J(P,H) = 14.9 Hz); 8.52- 
8.75 (8H, m); 11.20 (2H, d, ,J(P,H) = 4.7 Hz). 31P{'H} NMR (C,D,): 29.1 ppm. 

Crystal Structure Determinations of (4-Me-C6H4-N=PPh2kCH, (la) and (4-NO2C6H4- 
N=PMe,hCH, (lf). For l a  a crystal with approximate dimensions 0.13 X 0.38 X 0.40 mm was used 
for the crystal structure determination. The crystals were orthorhombic, space group Pcab. The unit cell 
had the dimensions u = 26.602(2), 6 = 20.521(1), c = 11.8859(7) A, V = 6488.5(7) A', Z = 8, 0, = 
1.22 g.cm-,. A total of 5492 unique reflections was measured within the range 0 S h S 31, 0 S k S 24, 
0 < I  < 13 on an Enraf-Nonius CAD-4 diffractometer with graphite-monochromated CuKa radiation 
and 8-28 scan. Of these, 4013 reflections were above the significance level of 2.5a(I). The maximum 
value of (sin 8)/A was 0.59 A - I .  Unit-cell parameters were refined by a least-squares fitting procedure 
using 23 reflections with 75 < 28 < 80". Corrections for Lorentz and polarisation effects were applied. 

The structure was determined by direct methods with the program SIMPEL.% The H-atom 
positions were derived from a A F  synthesis. Block-diagonal least-squares refinement on F, anisotropic 
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414 I. IMHOFF ef al. 

for the non-hydrogen atoms and isotropic for the hydrogen atoms, converged to R = 0.045, 
R, = 0.066, (A/U),,,., = 1.10. A weighting scheme w = (6.0 + Fobs + 0.01 . F:,,J-l was used. An 
extinction correction was applied. N o  absorption correction was applied. A final difference Fourier 
map revealed a residual electron density between -0.2 and 0.4 e * k’. For lf a crystal with 
approximate dimensions 0.15 X 0.25 X 0.35 mm was used. These crystals were monoclinic. space group 
C 2/c. The unit cell had the dimensions a = 20.153(4), 6 = 5.952(1), c = 16.930(5) A, /3 = 106.24(3)”, 
V = 1949.6(6) A3, Z = 4 and D, = 1 . 3 9 g . ~ m - ~ .  A total of 1875 unique reflections were measured 
using graphite monochromated MoKa (A = 0.71069 A) radiation (2.2 4 20 4 50”; -23 S h 4 23, 
0 s k s 7, 0 c 1 S 20). Of these, 1078 reflections were above the 2.5a(I) level. The structure was 
solved by direct methods, by means of the symbolic addition program set SIMPEL.% The H-atoms 
were found in a AF synthesis. An empirical absorption correction (DIFABS)” was applied. Block 
diagonal least squares refinement, anisotropic for P, C, N and 0 atoms, isotropic for the 
H-atoms-converged to R = 0.051, R ,  = 0.079 (weighting scheme w = (4.3 + F, + 0.014 * Ch)-l. In a 
final AF-synthesis the residual electron density was between -0.2 and +0.2 e .I-’. Scattering factors 
were taken from Cromer & Mann.3n Anomalous dispersion for P was corrected for. All calculations 
were performed with XRAY76.3’ 
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