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Methyl- and tert-butylphosphonic bis(N',N',N"',N"’ -tetrame-
thylguanidinide) 1 and 2 were allowed to react with various
transition metal compounds. The resulting complexes were
studied by IR spectroscopy, mass spectrometry and, in the
case of 10, by NMR spectroscopy. In the case of the com-
pounds 7—10 the metal was coordinated only via the imino
nitrogen atoms of 2 (IR evidence). X-ray structure analyses
were performed for [L'CoBr,], 5, L?Mn(acac}, 6, L?CuCl, 9,

and L?PdCl1, 10 (L' =1,L%=2).In 5 L! acts as an N,O bridging
ligand, leading to tetrahedral coordination at Co and eight-
membered (—Co~O—P—N~), rings. In 6 coordination by L?
is solely through the P=0O group, occupying the apical site of
the square pyramidal (Os) geometry at Mn. In 9 and 10 L2
chelates the metal atom through two N atoms, leading to
PN,M rings; the coordination geometry is distorted planar.

Introduction

Phosphane oxides form coordination compounds with a
variety of metals from groups 1—15 of the periodic table of
the elements. By changing the substituents at phosphorus,
especially by introducing functional groups able to coordi-
nate to the metal centre, it is possible to vary the ligand
properties over a wide range.

N' N'.N"' ,N"-tetramethylguanidine-(TMG-)substituted
phosphoryl compounds are especially suitable in this re-
spect. They contain three different groups capable of coor-
dinating to a transition metal: the imino or the amino nitro-
gen atoms and the phosphoryl oxygen atom. In our studics
concerning the synthesis and reactivity of TMG-substituted
phosphorus compounds we found that TMG-substituted
phosphanes form chelate complexes via phosphorus and the
amino nitrogen atoms!’!. In compounds of tetracoordinate
phosphorus(V) the amino nitrogen atoms displayed no re-
activity[?!, Neglecting the amino nitrogen atoms, five differ-
ent modes of coordination can be envisaged for TMG-sub-
stituted phosphoryl compounds (Scheme 1).

Type A (Scheme 1) is the mode of coordination most fre-
quently found in coordination compounds with phosphoryl
ligands*IS1 To the best of our knowledge there are no
reports of coordination of types B~ E with amino-substi-
tuted phosphoryl compounds as ligands.

The structures of cyclic metallaphosphazenes show a cer-
tain similarity to the situation encountered in type C and D
(Scheme 1), even though in these cases the metal—nitrogen
bonds are covalent, in some cases with a bonding order
greater than onel®MBIPL T ikewise, the structures observed
for chalkogenophosphinic N-organylamidato transition me-
tal complexes are similar to type C!OUN Phosphonic hy-
drazides form complexes where the metal is coordinated as

Chem. Ber.[Recueil 1997, 130, 18251832 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1997

Scheme 1
i
M-0 N N=C(NMe,), O§ P N=C(NMe,),
~ P ~ Po
R N=C(NMe,), R N=C(NMe,),
A B
/M\ )
R _(
0] N=C(NMe,) ~p7
SPCTT MeN,c=NT O N=CONMe,
R N=C(NMe,}, N/
M
C D

R
|

P
(Me;NRC=N""" S SN=C(NMe,),

N
E

in structures A or C—E (Scheme 1), even though in this
case the coordinating centre is the nitrogen in f position
and not in o position to phosphorus!!?. Closely related to
type D are the compounds that are formally obtained from
TMG-substituted phosphanes and aluminium trichloride.
These contain pentacoordinate aluminium bonded to the
imino nitrogen atoms of the phosphane TMG-substitu-
ents!t3l,

Results and Discussion
Methylphosphonic bis(N’,N',N'’,N''-tetramethylguanid-
inide) 1 was allowed to react with NiBr, - 2 DME [—A in
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Eq. (1)] and with CoBr, - 2 DME [—B in Eq. (1)], respec-
tively. The resulting compounds were paramagnetic and
thus not suitable for NMR studies (as were all the other
complexes studied here, with the exception of 10). In the IR
spectrum of the nickel complex 4 the P(=0) vibration was
split and shifted hypsochromically (Table 1). The CN vi-
bration at the highest wavenumber was considerably less in-
tense than the corresponding vibration in the IR spectrum
of the starting compound. The remaining CN vibrations
were shifted bathochromically from those of the starting
materials. This shows that the nickel atom is coordinated to
the imino nitrogen atoms. Thus, the © interaction between
phosphorus and nitrogen is reduced, and the double-bond
character of the P(=0) bond increases.

0
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The CN vibrations in the IR spectrum of the cobalt com-
plex 5 were broadened, but only slightly shifted from those
of the starting material (Table 1). The P(=0) vibration was
split, as in 4. However, in this case the vibration was shifted
bathochromically, indicating coordination of the metal via
the phosphoryl oxygen atom. The broadening of the CN
band implies that at least one of the imino nitrogen atoms
also takes part in the bonding of the metal. The X-ray
investigation of 5 showed that, instead of the expected four-
membered ring, a dimeric species was present (see below).

In the complex 6 formed in the reaction of ftert-butyl-
phosphonic  bis(N',N',N"',N''-tetramethylguanidinide) 2
with manganese(I]) acetylacetonate, the metal was coordi-
nated to the phosphoryl oxygen atom [Eq. (2)]. The P(=0)
vibration in the IR spectrum of 6 was shifted to a lower
wavenumber, compared to that of the starting material
(Table 1). The CN vibrations seemed unchanged, even
though no exact assignment could be made because of over-
lapping with the CO vibrations of the acetylacetonate li-
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gand. The X-ray structurc analysis performed on 6 con-
firmed the structure proposed. Coordination compounds
containing pentacoordinated manganese(IT) are quite com-
mon, but the subset of compounds containing pentacoordi-
nated manganese(Il) as part of two chelate rings are rare.
Most structures described in the literature involve addition
of two ligand molecules to manganese(Il) acetylacetonate
with formation of a complex containing hexacoordinate
manganese(11)[14].

Table I. Selected IR data of compounds 1-11

HCN) Y[P(=0)]
111 1620, 1570, 1560, 1515 1160 CH,Cl,
2141 1635, 1575, 1539, 1506 1130 CH,Cl,
4 1624, 1545, 1475 1190, 1159 KBr

1617, 1561, 1534, 1471 1153 CH,Cl,
5 1628, 1561, 1522, 1463 1153, 1130 KBr

1625, 1569, 1523, 1468 1162, 1139 CH,Cl,
6 1606/P,1552, 1523, 1474 1125 KBr

1592100 1560, 1543, 1517, 1471 1138, 1118 CHoCly
7 1624, 1571, 1531, 1468 1155 KBr

1610, 1521, 1422 1104 CH,Cl,
8 1623, 1564, 1529, 1467 1170, 1157 KBr
9 1618, 1565, 1519, 1468 1144 KBr

1569, 1517, 1446 1141 CH,Cl,
10 1619, 1567, 1519, 1475 1160, 1145 KBr

1563, 1519, 1469 1113 CH,Cl,
11 1625, 1575, 1550, 1525, 1470 1110 KBr

1625, 1593, 1579, 1538, 1470 1125, 1108 CH,Cly

[l See ref. ™. — ™ Broadened by overlapping (CO) vibrations.

In the same way as 1 in Eq. (1), 2 was allowed to react
with NiBr, - 2 DME and with CoBr; - 2 DME [—A and B
in Eq. (3)]. The IR spectrum of the resulting nickel complex
7 (as a solid in KBr) exhibited a bathochromic shift of the
P(=0) vibration and a hypsochromic shift of the CN vi-
brations, relative to the starting compound. This signifies
that the metal is coordinated via the imino nitrogen atoms.
Similar changes were observed in the IR spectrum of the
cobalt complex 8, leading to the same conclusion: the co-
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balt atom was bonded to the imino nitrogen atoms, unlike
in 4.

A: NiBr, ‘2dme (-2dme)
B: CoBr, -2dme (-2dme)
o C: CuCl,
B {I) _ N=C(NMe,), D: (COD)PdCY, (-COD)
t-Bu —
" N=C(NMe,),
2
Me,N_ _NMe,
i
o] N. X
DI
t-Bu ]i\‘I X
C
Me;N” NMe,

7 M=N;X=Br

M=Co; X=Br
9 M=CuyX=Cl
10 M=Pd; X=Cl

The nickel complex 7 was obtained as a blue solid. Solu-
tions of 7 in polar and in nonpolar solvents are violet, sug-
gesting different structures for 7 in solution and in the solid
state. This was confirmed by the IR spectrum recorded
in CH,Cl,: the CN vibration exhibited a slight, and the
P(=0) vibration a strong bathochromic shift, compared to
the solid state IR spectrum, suggesting that in solution the
phosphoryl oxygen atom coordinates to nickel. Either the
coordination number of nickel is increased or one bromine
is substituted, with formation of a cationic complex and a
bromide anion.

Compound 2 reacted with copper(Il) chloride and with
(cyclooctadiene) palladium(Il) chloride to give the copper
complex 9 and the palladium complex 10, respectively [C
and D in Eq. (3)]. The structure of these is similar to that
of 7 and 8, as is the pattern of the IR spectra. The
CN vibrations were observed at lower wavenumber and the
P(=0) vibration at higher wavenumber than those of 2
(Table 1).This implies that the structure involves coordi-
nation to the metal via the imino nitrogen atoms. The X-
ray structure analyses performed on 9 and 10 (see below)
confirmed this.

The IR spectrum of 9 as a solid in KBr did not differ
significantly from that of the solution in CDCl,. In contrast
to this, the IR spectra of 10 in the solid state and in solution
showed differences similar to those observed for 7. It seems
possible that in solution the palladium atom in 10 is coordi-
nated via the phosphoryl oxygen.

The palladium compound 10 is the only compound stud-
ied here that was not paramagnetic. The 3(*'P) value of 10
(6 = 53.2) was shifted to lower field, relative to that of the
starting compound 2 (3 = 18.0)12, This downfield shift was
observed for all products of reactions occurring at the im-
ino nitrogen atom of TMG-substituted phosphoryl com-
pounds I3,
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Figure 1. Temperature-dependent 'H-NMR spectrum of com-

pound 10
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In the 'H-NMR spectrum of 10 three signals were ob-
served for the protons of the TMG methyl groups [§ = 2.90
(6 H), 3.03 (12), and 3.35 (6)]. At low temperature the signal
at & = 3.03 was found to be split into two signals of equal
intensity (Figure 1).

There are two possible explanations for this:

1. The TMG substituents are placed symmetrically on
both sides of the Pd—N-P—N ring in solution, as in the
solid state (see X-ray analysis below). The rotation about
one imino—carbon amino nitrogen bond is hindered at
room temperature, the rotation about the second imino car-
bon-amino nitrogen bond becomes hindered at low tem-
perature. Thus the four methyl groups at each TMG sub-
stituent become nonequivalent.

2. In solution the palladium is coordinated via the phos-
phory! oxygen and one imino nitrogen. The dimethylamino
groups at the coordinating TMG-substituent are nonequiv-
alent at room temperature, while the dimethylamino groups
of the free TMG-substituent become nonequivalent at low
temperature, due to the slow cis/trans isomerization at the
CN double bond under these conditions. The second expla-
nation is in good accordance with the IR data.

The reaction of 3 with NiBr, - 2 DME led to a complex
11 where the metal is bonded to the phosphoryl oxygen and
the imino nitrogen atom [Eq. (4)].
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The CN vibration and the P(=0) vibration are shifted
to lower wavenumbers, compared to the starting material.
Whether 11 is monomeric or dimeric could not be estab-
lished.

Molecular Structure of [(MeP(=O)(TMG),): CoBr,]; (5):

The central feature of the structure of compound 5 (Fig-
ure 2) is an eight-membered ring with alternating
Co—N-P-0 moicties. The molecule possesses crystallog-
raphic inversion symmetry. The geometry of the ring is best
described as a chair® conformation. The phosphiorus
atom lies 34.5 pm above, the nitrogen N4 atom 30.4 pm
below the plane formed by Co, O, Co’, and O'. The sym-
metry equivalent atoms P’ and N4’ necessarily lie on the
opposite sides of this plane. The endocyclic torsion angles
are —132.2° (N4-P-0-Co"), 91.7° (P-O—Co'—N4'),
—36.7° (O'—Co—N4-P) and 51.9° (O—P-N4—Co).

Figure 2. Molecular structure of compound 5. Hydrogen atoms
and solvent have been omitted for clarity!

[l Selected bond lengths [pm] and angles [©]: Br(1)—Co 242.41(10),
Br(2)—Co 239.31(11), Co—O#1 191.2(4), Co—N(4) 202.5(4), P-O
150.2(4), P—N(1) 160.3(5), P—N() 165.7(4), P—C(1) 177.7(7),
N@)~C(7) 136.3(7), O#1-Co—N(4) 108.4(2), O#1-Co—Br(3)
105.4(2), N(4)-Co-Br(?) 118.50(13), O#1-Co—Br(1) 112.1(2),
N@)-Co~Be(1)  101.10(12).  Be(2)—Co—Br(l)  111.45(4).
O—-P-N(1) 117.5(3), O—-P-N@) 110.3(2), N(1)-P—-N@4)
10482),  O-P—C(l) 108.2(3), N()—P~C(l) = 110.3(3),
N@)-P=C(I) 1052(3), P—O—-Co#l 166.53), C(7)-N(4)—P
120.5(4), C(7)—N(4)—Co 116.6(3), P—N(4)—Co 121.4(2), Symme-
try operator: #1 —x+1,—p+2,—z+1

1828

The cobalt atom displays slightly distorted tetrahedral
coordination geometry, with the largest deviations from
ideal angles for N4—Co—Brl [101.1(1)°] and N4—Co—Br2
[118.5(1)°]. The Co—Br bond lengths differ by 3.1 pm.

The phosphorus atom occupies the centre of a distorted
tetrahedron. The P(=0) bond length [150.2(4) pm] is not
greatly lengthened from that in PhP(=0)(TMG), [148.7(3)
pm] despite the additional coordinative P(=0)—Co
bond. The oxygen atom participates in the largest angles
at phosphorus [O—P—-N1 117.5(3)°, O—P—N4 110.3(2)°]
because of the high steric demand of the P(=0) double
bond. The remaining angles at phosphorus vary from
104.8(2)° (N1—-P—N4) to 110.3(3)° (N1-P—CI).

Because of the coordinative N4—Co bond, the P—N4
bond [165.7(4) pm] is 5.4 pm longer than P—N1 [160.3(5)
pmj.

The N4—C7 bond [136.3(7) pm] is the longest imino
N-—C bond observed in TMG-substituted phosphorus com-
pounds, whereas N5—C7 [133.8(7) pm] and N6-C7
[133.4(7) pm] are appreciably shorter, implying that N4—C7
displays less double bond character than N5—C7 or
N6—C7. The bonding situation in 5 thus corresponds to
structure B in Scheme 1, rather than to structure A. The
nitrogen N1 shows a deviation from sp? towards sp hy-
bridization, typical of TMG-substituted phosphorus com-
pounds [P-N1-C2 131.4(4)°].

Figure 3. Molecular structure of compound 6. Hydrogen atoms
have been omitted for clarity!®

[a] Selected bond lengths [pm] and angles [°]: P—O(1) 149.8(2),
P—-N(4) 162.0(2), P-N(1) 163.2(2), P—C(1) 182.5(3), Mn—0O(1)

206.2(2), Mn—O(4) 208.7(2), Mn—O(5) 210.4(2), Mn—0(3)
211.6(2), Mn—0(2) 211.72), O(1)-P—N@) 117.60(11),
O(H-P-N(l)  11436(12),  N@)-P-N(1)  106.39(12),
O(H)-P-C(1)  109.10(12),  N@#-P-C()  103.59(12),
N()-P—C(1)  104.50(12), O(1)~Mn-O(4)  104.498),
O(1)-Mn—0(5)  108.778), O@)-Mn—O(5)  85.07(8).
O(1)-Mn—0(3)  101.08(8), O@)-Mn—0(@3)  154.38(8),
O(5)-Mn—0O(3)  88.13(8),  O()-Mn—0(2)  97.52(8).
O@#)-Mn—0(2)  90.93(8), O(5)-Mn-0(2)  153.598),
O(3)-Mn—-0(2)  8428S), P-O(1)>Mn  160.83(12),
C(15-0()~Mn  129.5Q2). C(17)-O(3)~Mn  129.6(2),

C(20)—O(4)- Mn 129.4(2), C(22)—0(5)~Mn 125.1(2)
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Molecular Structure of [(fBuP(=0)(TMG),) - Mn(acac),|(6):

The sum of the squared angle deviations from idealized
values at manganese is a measure of the degree of distortion
from trigonal bipyramidal (TBP) or square pyramidal (SP)
geometry!!7). This sum amounts to 2392 (TBP) or 112 (SP),
showing that the coordination geometry is nearly ideal
square pyramidal (see Figure 3). The phosphoryl oxygen
occupies the apical position, while the four oxygen atoms
of the acetylacetonato ligands occupy the basal positions
(average O--O intraligand 283.7 pm, O--O interligand
296.6 pm, mean deviation from the basal plane 0.7 pm); the
Mn—O1 bond is within 3.1° of perpendicular to the base.
The endocyclic angles at manganese [02—Mn—03
84.28(8)° and O4—Mn—05 85.07(8)°] are smaller than the
exocyclic angles [02—Mn—04 90.93(8)° and O3—Mn—-035
88.13(8)°].

The phosphorus atom, as expected, displays somewhat
distorted tetrahedral coordination geometry, the largest de-
viations from ideal angles being 117.60(11)° (O1-P—N4)
and 103.6(1)° (C1-P—N4). As noted above for 5, the
P—0O1 bond [149.8(2) pm] is not significantly longer than
that in PhP(=O)TMG), [148.7(3) pm]®@, despite the
[P(=0)}-Mn coordination.

The P—N and the N—C bond lengths differ insignifi-
cantly from those in noncoordinating TMG-substituted o*-
phosphorus compounds.

Molecular Structure of |({BuP(=0)(TMG);)-CuCl,] (9) and
[(fBuP(=0)TMG),)- PdCl,| (10):

The single crystal X-ray structure determinations confirm
the bidentate chelating mode of the N,N'-ligands in 9 and

Figure 4. Molecular structure of compound 9. Hydrogen atoms
have been omitted for clarity

fl Selccted bond lengths [pm] and angles [°]: Cu—N(4) 200.4(2),
Cu—N(1) 200.6(3). Cu—Cl(2) 220.89(9), Cu—CI(1) 223.24(10),
P-0 147.52), P—-N(1) 165.8(2), P-N(4) 167.5(3), P—C(])
184.0(3), N(1)—C(5) 134.9(4), N(2)—C(5) 134.5(4), N(3)—C(5)
134.8(4), N(4)—C(10) 134.1(4). N(5)—C(10) 134.5(4). N(6)—C(10)
134.9(4). N(#)—Cu=N(l) 72.68(9), N({d)—Cu—CI(2) 159.26(8),
N()=Cu—CI(2)  9938(7).  N@&-Cu—Cll)  9581(3).
N(1)=Cu—CI(1) 150.70(8), Cl(2)~Cu—CI(1) 99.50(4), O—P—N(1)
119.38(14), O—~P—N(4) 120.33(13), N(1)-P—N(4) 90.98(13),
O—P—C(1) 108.42). N(1)-P—C(1) 107.84(14), N(4)—P—C(1)
108.4(2), C(5)-N()-P '128.9(2), C(5)-N(H)—Cu  125.6(2),
P—N(1)—Cu 98.12(12), C(10)— N(#)—P 132.1(2), C(10)— N(4)—Cu
130.3(2), P=N(4)—Cu 97.60(12)
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Figure 5. Molecular structure of compound 10. Hydrogen atoms
and solvent have been omitted for clarityl®!

[l Selected bond lengths [pm] and angles [°]: Pd—N(1) 203.0(2),
PA—N(4) 204.5(2), Pd—CI(1) 229.90(7), Pd—C1(2) 230.77(9), PO
147.5(2), P-N(4) 167.9(2), P—N(1) 168.02), P—C(1) 183.6(2).
N()-C(5) 133.6(3), N(2)=C(5) 134.03), N(3)—C(5) 1353(3),
N(4)—C(10) 134.4(2), N(5)—C(10) 134.2(3), N(6)—C(10) 134.5(3).
N(I)-Pd-N(@) 71647,  N(-Pd—CI(1)  170.24(5),
N)-Pd—Cl(1)  99.14(5),  N(I)-Pd—Cl2)  97.04(5),
N@)—Pd—Cl(2) 166.86(5), CI(1)—Pd— C1(2 ) 91.72(3), O—P—N4)
117378), O—-P—N(1)  116.82(8), N(4)--P— Nl) 90.43(3),
0—P—C(l) 110.29(9), N(d)—P—C(1) 11040(9) N(1)-P-C(1)
110.10(9), C(5)=N()—P 132.53(14), C(5)~ N(1)—Pd 129.70(13).
P-N(D-Pd  97.18(®),  C(I0)-N@)-P  132.5514),
C(10)—N(4)—Pd 130.45(13), P—N(4)—Pd 96.65(8)

10 (Figures 4 and 5). The characteristic structural element
of both compounds is the four-membered ring, and both
structures are thus discussed together. This ring is not
planar; the fold angles between the planes M, N1, N4 and
P, N1, N4 are 7.9° for 9 and 20.3° for 10. The metal atom
lies 22.2 pm (9) and 57.3 pm (10) outside the plane of P,
N1, and N4.

The coordination geomeiry is distorted square planar. In
the d® Pd complex 10 the distortion from ideal planar ge-
ometry is much smaller than in the d° Cu complex 9. The
mean deviation from the plane formed by Pd, N1, N4, Cl1
and CI2 in 10 is 4.1 pm, whereas this deviation is 30.2 pm
in 9. The coordination geometry around copper in com-
pound 9 could thus also be described as distorted tetra-
hedral, but the angle between the planes Cl1 -Cu—Cl2 and
NI1-Cu—N4 is only 31.9° (cf. 90° in an ideal tetrahedron).
The endocyclic angles at the metal atom N1-M—N4 are,
at 72.68(9)° for 9 and 71.64(7)° for 10, necessarily smaller
than 90° because of the restricted bite of the ligand. The

" exocyclic cis angles are larger than the ideal 90° [95.81(8)°

(N4—Cu—Cl1) to 99.50(4)° (C12—Cu—Cll) for 9 and
91.72(3)° (Cl1-Pd—Cl2) to 99.14(5)° (N4—Pd—Cll) for
10].

The coordination geometry at both phosphorus atoms is,
because of the restrictions imposed by the four-membered
ring, distorted tetrahedral. The smallest angle is, as ex-
pected, the endocyclic N1—-P—N4 angle at 90.98(13)° for 9
and 90.43(8)° for 10. The largest angle is, in both cases,
O—P—N4 with 120.33(13)° (9), and 117.37(8)° (10). The
P—0O bond lengths are identical [147.5(2) pm], the P—CI
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Table 2. Crystal data and refinement details for complexes 5, 6, 9, and 10

Compound 5 e 2 CH,Cl, 6 9 10 ¢ CH,CN
Formula C24H58BI4C14C02N1202P2 C24H47MHNGO5P C14H33C12CUN60P C16H36C12N70PPd
M, ) 1188.06 585.59 466.87 550.79

Crystal habit blue prism yellow tablet, cut green prism red prism, cul
Crystal size [mm] 0.7 X 0.6 X 04 0.6 X 0.6 X 0.15 04 %03 x0.2 0.6 X 04 x04
Temperature [°C] —100 —130 ~100 —-130

Crystal system monoclinic monoclinic monoclinic monoclinic
Space group P2i/n P2y/n P2yJc P2/n

Cell constants

a [pm] 1080.8(2) 996.5(3) 911.35(10) 937.6(2)

b [pm] 1054.7(2) 1863.0(5) 904.43(8) 2028.0(4)

¢ [pm] 2036.6(3) 1736.1(4) 2733.9(2) 1322.4(3)

B ] 94.002(12) 104.64(2) 99.310(8) 103.47(3)

V [nm?] 2.3161(7) 3.1183(14) 2.2237(4) 2.4452(8)

Z 2 4 4 4

D, [Mg m~) 1.704 1.247 1.395 1.496

u# [mm 1] 4.504 0.515 1.309 1.064

F(000) 1188 1252 980 1136

20max] °] 50 50 50 50

No. of reflns.:

measured 4233 5929 6690 7883
independent 4009 4485 3890 4315

Rin 0.054 0.024 0.050 0.019

Max. and min. trans. 0.960 and 0.468 0.790 and 0.691
wR(F2, all refl.) 0.121 0.096 0.054 0.052
R[F>4c(F)] 0.049 0.038 0.037 0.021

No. of parameters 235 349 237 266

S 1.15 1.06 0.776 1.073

max. Alo <0.01 < 0.01 < 0.0l < 0.01

max. Ap [e nm™?] 697 241 271 445

bond lengths differ insignificantly [184.0(3) pm for 9,
183.6(2) pm for 10]. One P—N bond of 9 [P—N1, 165.8(2)
pm] is significantly shorter than the other P—N bonds [9:
P—N4 167.5(3) pm; 10 P—N1 168.0(2) pm, P—N4 167.9(2)
pm] for reasons that are not apparent.

This rescarch was assisted by generous supplies of chemicals
from BASF AG. BAYER AG, DEGUSSA AG, and HOECHST AG.
Support from the Fonds der Chemischen Industrie is gratefully
acknowledged.

Experimental Section

All operations were carried out in a nitrogen atmosphere, em-
ploying standard vacuum and inert gas techniques. The solvents
were dried by standard procedures and were freshly distilled before
use. — FT-IR spectra were recorded on a BIORAD 165 spec-
trometer. — The 'H (200.1 MHz), *C (50.3 MHz), and 3'P (81.0
MHz) NMR spectra were recorded on a Bruker AC-200 spec-
trometer using, unless indicated otherwise, CDCl; as solvent, All
shifts are reported relative to TMS ('H, *C) and H,PO4 (*'P).
— The EI mass-spectra were recorded on a Finnigan MAT 8430
spectrometer at 70 eV. — The abbreviation "1.v." indicates a pressure
of 0.1 mm Hg.

The following compounds were prepared according to published
methods:  Methylphosphonic  bis(N' . N, N'', N''-tetramcthyl-
guanidinide) 1P ters-butylphosphonic bis(N',N',N'' N"'-tetra-
methylguanidinide) 27, cyclooctadiene palladium(Il) chloride!®.
All the other reagents were commercially available.

Reaction of Methylphosphonic Bis(N'.N',N'', N -tetramethylguani-
dinide) (1) with NiBr,- 2 DME. — Synthesis of the Nickel(1I) Com-
plex 4: To 4 solution of 1.00 g (3.44 mmol) of 1 in 20 ml of DME
were added 1.37 g (3.43 mmol) of NiBr, - 2 DME. A bluc precipi-
tate formed instantaneously. The mixture was stirred for 16 h at
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room temp., the precipitate was filtered off, washed three times with
5-ml portions of diethyl ether and dried i.v. Yield: 0.93 g (53%)
blue solid, mp.: 171°C. — EI MS: m/z (%): 508 (<1} [M]*, 429
(15)[M — 7Br]*, 290 (100) [MeP(=0)TMG),] ", 106 (99) [MeP(=
O)NMe,]*, 71 (46) [HNCNMe,]*. — IR (KBr): v (cm™!) = 1624
(vs), 1545 (vs, br), 1475 (s) (CN); 1190 (m), 1159 (m, br) [P(=0)].
IR (CH,CL): ¥ (em™1) = 1617 (vs), 1561 (vs), 1534 (vs), 1471 (s)
(CN); 1153 (vs) [P(=0)]. — C;Hy;BraNgNiOP (508.84): caled.: C
25.97, H 5.35, N 16.52; found: C 25.29, H 5.52, N 16.14

Reaction of Methylphosphonic Bis(N',N'.N'',N"'-tetramethylguani-
dinide) (1) with CoBry - 2 DME. — Synthesis of the Cobalt(II)
Complex 5: To a solution of 1.14 g (3.93 mmol) of 1 in 20 ml of
DME were added 1.55 g (3.88 mmol) of CoBr, - 2 DME. The
mixture was stirred at room temp. for 16 h. The precipitate formed
was filtered off, washed three times with 5 mi of diethyl ether and
dried i.v. The solid was recrystallized from 5 ml of dichlorometh-
ane. Yield: 0.87 g (44%) blue crystals (bis-CH,Cl, solvate), dec.:
>120°C. — EI MS: miz (%) 509 (2) [(MeP(=0)-
(TMG),)-CoBr,]*, 428 (16) [[McP(=0)(TMG),)-CoBr]*, 290 (46)
[MeP(=O)XTMG),]", 106 (100) [MeP(=O)NMe,]*, 71 (28)
[HNCNMe,]'. — IR (KBr): v (cm™!) = 1628 (s), 1561 (vs, br),
1522 (vs, br), 1463 (s) (CN); 1153 (vs), 1130 (vs). IR (CH,Cly): ¥
{cm 1) = 1625 (m), 1569 (vs), 1523 (vs), 1468 (s) (CN); 1162 (s),
1139 (s). — CaHsgBryCliCosN ;0P (= CpHsyBryCosNya-
O,P,-2 CH,Cl,) (1188.06): caled.: C 24.26, H 4.92, N 14.15; found:
C 24.10, H 5.02,N 14.78.

Reaction of tert-Butviphosphonic Bis(N',N',N'',N''-tetramethyl-
guanidinide) (2) with Manganese(I1) Acetylacetonate. — Synthesis
of the Manganese(Il) Complex 6: To a solution of 0.5 g (1.50
mmol) of 2 in 10 ml of toluene were added 0.38 g (1.50 mmol) of
manganese(Il) acetylacetonate. The mixture was stirred for 16 h at
room temp., the solvent was removed i.v. and the residue recrys-
tallized from a mixture of 3 ml of toluene and 7 ml of »-hexane.
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Yield: 0.42 g (47.8%) yellow crystals, mp.: 163°C. — IR (KBr): ¥
(em™Y = 1606 (vs, br) (CO overlapping with CN); 1552 (s), 1523
(s), 1474 (s) (CN); 1138 (s) 1125 (s) [P(=0)]. IR (CH,CL,): v
{cm™1) = 1592 (vs, br) (CO overlapping with CN); 1560 (s), 1543
(s), 1517 (vs), 1471 (s) (CN); 1138 (s) 1118 (s) [P(=0)]. —
Co4H4sMnNgOsP (585.59): caled.: C 49.23, H 8.09, N 14.35; found:
C49.17, H 8.24, N 14.17.

Reaction of tert-Butylphosphonic Bis(N'.N',N'',N''-tetramethy!-
guanidinide ) (2) with NiBry - 2 DME., — Synthesis of the Nickel(II)
Complex 7: To a solution of 0.5 g (1.50 mmol) of 2 in 20 ml of
CH,Cl, were added 0.6 g (1.50 mmol) of NiBr, - 2 DME. The
mixture changed color to violet instantaneously, and a solid pre-
cipitated. After 16 h of stirring at room temp. the solid was filtered
off. The product was recrystallized from a mixture of 5 ml of
CH,Cl; and S ml of diethyl ether. Yield: 0.39 g (47.2%) blue solid,
mp.: 189°C (dec.). — IR (KBr): v (cm™!) = 1624 (vs), 1571 (vs),
1531 (vs), 1468 (s) (CN); 1155 (s) [P(=0)]. IR (CH,Cl,): ¥
(cm™Y) = 1610 (m), 1521 (vs), 1422 (vs, br) (CN); 1104 (m),
[P(=0)]. = C14Ha13Br.NgNiOP (550.92): caled.: C 30.52, H 6.04, N
15.25; found: C 30.68, H 6.43, N 14.68.

Reaction of tert-Butylphosphonic Bis{ N',N',N'',N''-tetramethyl-
guanidinide) (2) with CoBr,.2 DME. — Synthesis of the Cobalt(II)
Complex 8: To a solution of 0.24 g (0.72 mmol) of 2 in 5 ml of
acetonitrile was added a solution of 0.22 g (0.71 mmol) of CoBr, -
2 DME in 10 ml of acetonitrile. The mixture was stirred for 16 h
at room temp. After addition of 1 ml of #-hexane the mixture was
held for 16 h at —20°C. The product thus formed was filtered off,
and dried 1.v. Yield: 0.30 g (76.7%), blue solid, mp.: 210°C. — IR
(KBr): ¥ (em™1) = 1623 (vs), 1564 (vs), 1529 (vs), 1467 (s) (CN);
1170 (s), 1157 (s) [P(=0)]. — C,4H3;3Br,CoNNIiOP (551.16):
caled.: C 30.51, H 6.03, N 15.25; found: C 31.08, H 6.29, N 15.29.

Reaction of tert-Butylphosphonic Bis(N',N',N''\N''-tetramethyl-
guanidinide) (2) with CuCl,. — Synthesis of the Copper(Il) Com-
plex 9: To a suspension of 0.3 g (2.23 mmol) of copper(Il) chloride
in 20 ml of CH,Cl, were added 0.64 g (1.93 mmol) of 2. The mix-
ture was stirred for 16 h at room tcmp. Solid impuritics were fil-
tered off, and half of the solvent was removed i. v. The solution
was cooled to —20°C for 7 d, then the crystals formed were filtered
off and dried i.v. Yield: 0.39 g (43.3%), green crystals, mp.: 145°C.
— IR (KBr): ¥ (cm™") = 1618 (w), 1565 (s) 1519 (vs), 1468 (s),
(CN), 1144 (w) [P(=0)]. IR (CDCly): v (cm™!) = 1569 (vs), 1517
(vs), 1446 (m), (CN); 1157 (w) 1141 (m) [P(=0)]. — C1sH33CLCu-
NgOP (466.87): caled.: C 36.02, H 7.12, N 18.00; found: C 37.19,
H 7.58, N 16.17.

Reaction of tert-Butylphosphonic Bis(N',N',N'',N''-tetramethyl-
guanidinide) (2) with Cyclooctadiene Palladium(I1) Chloride. —
Synthesis of the Palladium( 1) Complex 10: A solution of 0.43 g
(1.29 mmol) of 2 in 20 ml of toluene was added to a solution of
0.39 g (1.37 mmol) of cyclooctadiene palladium(II) chloride in 40
ml of a 1:1 mixture of toluene and acetonitrile. The mixture was
stirred for 16 h at room temp. and was then held for 3 d at —~20°C.
The precipitate thus formed was filtered off and dried i.v. Yield:
0.42 g (63.9%), reddish-brown crystals, mp. 168°C. — 'H NMR:
8 = 1.05[d, */(PH) = 16.07,9 H, PC(CH3)5]; 2.90 [s, 6 H, N(CH;)];
3.03 [s, br, 12 H, N(CHs),]; 3.35 [s, 6 H, N(CH3),]. — *C NMR:
& = 25.64 [s, PC(CH,)s); 37.72 [d, '/(PC) = 102.50, PC(CH3)s];
41.15 [s, N(CHas),]; 41.36 [s, N(CHz3),); 42.27 [s, N(CH3),]; 166.22
[d, 2/(PC) = 4.36, N=C<]. — 3'P NMR: § = 53.16 (s). — EI MS:
miz (%): 510 (<1) [M]™, 332 (15) [1BuP(=0)(TMG),]*, 205 (89)
[Me;NP(=O)}TMG)]*, 162 (100) [HP(=O)}TMG)]*, 135 (76)
[Me;N),P(=0)]", 92 (56) [HP(=0)NMe,]*, 71 (43)
[HNCNMe,]*, 57 (10) [+Bu]™, 44 (21) {NMe,]*. — IR (CH,Cl,): ¥
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(cm™1) = 1563 (s), 1519 (vs), 1469 (s) (CN); 1113 (m) [P(=0)]. IR
(KBr): ¥ (cm™!) = 1619 (s), 1567 (vs), 1519 (vs), 1475 (s) (CN);
1160 (m), 1145 (m) [P(=0)]. — C,4H;3CLLNOPPd (509.75): caled.:
C 32.99, H 6.53, N 16.49; found: C 31.85, H 6.11, N 15.76.

Reaction of Diphenylphosphinic N',N',N"',N"'-Tetramethylguani-
dinide (3) with NiBr, - 2 DME. — Synthesis of the Nickel{II) Com-
plex 11: To a solution of 0.78 g (2.47 mmol) of 3 in 20 ml of DME
were added 1.04 g (2.60 mmol) of NiBr, - 2 DME. The mixture
was stirred for 3 d at room temp. Then the precipitate was filtered
off, washed three times with 5 ml of diethyl ether and dried iv.
Yield: 0.70 g (53%), blue solid, mp. 198°C (dec.). — IR (KBr): ¥
(cm™!) = 1625 (s), 1575 (vs), 1550 (vs), 1525 (s), 1470 (s), 1110 (s,
br) [P(=0)]. IR (CH,CL,): ¥ (cm™1) = 1625 (vs), 1593 (s), 1579 (s),
1538 (vs), 1470 (s), 1125 (s), 1108 (m) [P(=0)]. -
Cy7H5;Br;NaNiOP (533.85): caled.: C 38.25, H 4.15, N 7.87; found:
C 39.87, H4.76, N 7.54.

X-ray Crystal Structures. — Data Collection and Reduction: Crys-
tals were mounted on glass fibres in inert oil and transferred to the
cold gas stream of the diffractometer (Siemens P4 for 5 and 9, Stoe
STADI-4 for 6 and 10, both with LT~2 low temperature attach-
ment). The orientation matrices for 5 and 9 were refined from set-
ting angles of 64 (63) reflections in the 20 range 5-25°. The cell
constants for 6 and 10 were refined from *w® angles of 58 (56)
reflections in the 20 range 20-23° (monochromated Mo-X
radiation). — Structure Solution and Refinement: The structures
were solved by direct methods and refined anisotropically on F?
(program system: SHELXL-93, G. M. Sheldrick, University of

Gottingen). H atoms were included using a riding model or rigid

methyl groups. The wcighting scheme was of the form w™! =

[6X(F3) + (aP)* + bP], with P = (F3+2F2)/3.

Full details of the crystal structure determinations (except struc-
ture factors) have been deposited under the number CCDC-100120
at thc Cambridge Crystallographic Data Centre. Copies may be
obtained free of charge from: The Director, CCDC, 12 Union
Road, GB-Cambridge CB2 1EZ (Telefax: int. + 1223/336-033; E-
mail: deposit@chemcrys.cam.ac.uk.

* Dedicated to Professor Roald Hoffinann on the occasion of his
60th birthday.
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