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Molybdenum

[Cp'MoCl,(CH;CN)] (Cp’ = CsHyMe) reacts with 2,4,6-trii-
sopropylphenylphosphane or cyclohexylphosphane to give
the phosphane complexes [Cp'MoCl(PH;R)] [R= 24,6-
PriCsl1; (1), Cy (2)]. 1 and 2 were characterized spectroscopi-

cally (IR, MS) and by crystal structure determinations. EPR
investigations in liquid and frozen solution confirmed the
presence of Mo(V) species and the data were used to analyze
the spin-density distribution in the first coordination sphere.

Although organometallic trialkyl- and triarylphosphane
complexes of early transition metals have been studied in-
tensively, complexes derived from functionalized phos-
phanes that exhibit a reactive phosphorus-ligand bond have
been largely neglected!!l. Tt has recently been shown that
when Zrl? and Tal®! complexes react with primary phos-
phanes, oxidative addition (zirconocene) or formation of
stable phosphane complexes [Ta(V)] occurs. The latter can
be used as starting materials for the preparation of bridg-
ing* and terminal®®! tantalum phosphinidene complexes.

Various substituted cyclopentadienyl molybdenum(V)
tetrachlorides are reduced on reaction with PH-func-
tionalized lithium phosphanides to give the corresponding
cyclopentadienyl molybdenum(III) dichloro complexes!®,
which can then react with further lithium reagent, yielding
terminal phosphanido, diphosphanyl, and diphosphene
complexesl®. We attempted to prevent the reduction of
Mo(V) by employing a primary phosphane instead of the
highly reducing lithium reagents for the introduction of a
P-functionalized ligand.

Here we report on the preparation, spectroscopic proper-
ties and molecular structures of the first organometallic
molybdenum(V) complexes with primary phosphane li-
gands, [Cp'MoCl4(PH,R)] [Cp’ = CsHMe, R = 2,4.6-
PriCeH, (1), Cy (2)].

Results and Discussion

Synthesis and Properties of [Cp'MoClL(PH;R)|

When equimolar amounts of PH,RIl [R = 24.6-
PriC¢H,, Cy] are added to a toluene suspension of
[Cp"MoCl(CH;CN)] 7%, the solution turns red-brown with
formation of the adducts [Cp'MoCl(PH,R)] (Scheme 1).
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Due to the low basicity of primary phosphanes, no further
reaction is observed with an excess of primary phosphane.
This behaviour is in contrast to the reaction of [Cp*MCly]
M = Mo, W, Cp* = CsMe;) with three equivalents of the
primary amine NII,Bu' which yields the imido complex
[Cp*MCL,(NBu')] and [NH;Bu*C1!.

Scheme 1

Attempts to prepare adducts of Mo(V) complexes often
result in reduction of the central metal atom to Mo(IV).
Thus, MoCl;s is reduced to Mo(IV) by nitrogen-containing
ligands (e.g., pyridine®), or 2,2'-dipyridyl, nitriles!'%,
etc.)!1 or oxygen-containing ligands (e.g., DME)!1?. How-
ever, the acetonitrile adduct of [CpRMoCly] (CpR = Cp,
Cp') is stable!!.

Up to now, to the best of our knowledge, only one phos-
phane complex of cyclopentadienyl molybdenum(V) [or
tungsten(V)] tetrachloride is known, and this contains the
tertiary phosphane ligand PMe;, i.e. [Cp*MCl4(PMe;)]
(M = Mo, W)I®l, However, several cyclopentadienyl molyb-
denum(IV)13-16l or (11177~ '] halide complexes with ter-
tiary phosphane ligands are known. Only a small number
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of molybdenum complexes with primary phosphanes are
known and no crystal structure determination has been re-
ported to date?~23. The majority are carbonyl complexes
of molybdenum(0) with primary phosphanes, which are
usually prepared by carbonyl displacement with primary
phosphanes?' ~2%. As far as we are aware, the only known
primary phosphane complex of molybdenum in a higher
oxidation state is [Mo,CL(PH,Ph),}2%; theoretical calcu-
lations have been carried out on [Mo,ClLy(PH;)4]251,

For 1 and 2, two isomers are possible, with the cyclopen-
tadienyl ligand and the phosphane ligand in a rrans or a cis
arrangement. They can be distinguished by IR spec-
troscopy. For the trans arrangement, the idealized local
symmetry of the MoCl, fragment in 1 and 2 is Cg4,. Thus, 9
vibrations (2 Ay, 2 By, 1 Bs, 2 E) are expected, of which
only A; (v;MoCl; and 8MoCly) and E (v,;MoCl, and
8MoCl,) are infrared active®®, For [CpMoCl(CH5CN)],
all four absorptions are observed (8MoCl 328 m, v,,MoCl,
293 wvst, br, v,MoCl, 245 m, $MoCl 224 vw, 202 w)[", By
comparison, the corresponding vibrations in 1 and 2 can be
assigned (1: 8MoCl 328 m-st, v,,MoCl, 313 wvst, br,
viMoCl, 282 st, 6MoCl 247 w; 2: 6MoCl 329 m, v, MoCl,
316 vst, br, v;MoCl, 273 st).

The P—H stretching vibrations in 1 (2408 w, 2389 w, cm!)
and 2 (2430 w, 2388 w, cm!) are shifted to higher wave num-
bers compared to the lithium phosphanides [LiPH(2,4,6-
PriCsH,)27: 2281, LiPHCyP®: 2286 cm']. In [Mo-
(CO);(PH,Ph);], vPH is observed at 2295 cm™*2!1 and the
light-sensitive homoleptic complex [Mo(PH,Ph)s] exhibits
several absorptions for vPH in the range 2100-2300
Cmvl[ll’)]‘

Molecular ion peaks are observed in the mass spectra of
1 and 2.

Molecular Structures of
[Cp'MoCL(PH,R)] [R = 2,4,6-PriCgH, (1), Cy (2)]

Single crystals of 1 and 2 were obtained from toluene
solutions layered with hexane. 1 crystallizes in the triclinic
space group 1 and has two formula units per unit cell; 2
crystallizes in the monoclinic space group P2i/n and has
four formula units per unit cell (Table 1).

The molecular structures of [Cp'MoCl,{PH,(2,4,6-
PriC¢H,)}] (1) and [Cp'MoCl,(PH,Cy)] (2) arc depicted in
Figures 1 and 2. In both complexes, the Mo atom has a
pseudo-octahedral geometry, with the phosphane ligand lo-
cated trans to the Cp’ ligand (regarded as unidentate), and
the four chlorine ligands bent away from the Cp’ ligand.
Thus, the angles between P and the four chloro ligands lie
between 70.35(4) and 78.38(4) (1) and 70.62(3) and
79.64(3)° (2). The Mo atoms is shifted towards the Cp’ li-
gands and lies 0.61 A (1) or 0.63 A (2) above the plane
defined by the four chloro ligands, which is parallel to the
plane of the Cp’ ring.

The average Mo—C(Cp') distance is 2.371(6) Ain 1 and
2.370(4) A in 2 and does not differ significantly from
Mo—C(Cp) distances in related complexes!!*~10 The
Mo—Cl bond lengths [1: Mo—Cl 2.399(1) to 2.426(1) A; 2:
Mo—Cl 2.4054(9) to 2.4285(9) A] are slightly shorter than
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Table 1. Crystal data and structure refinement for 1 and 2

1 2
Formuia Cy1H3,Cl,MoP C1,HxClsMoP
Molecular weight 553.18 432.99
Temperature (K} 210(2) 230(2)
Crystal system triclinic monoclinic
Space group P1 (no.2) P2,/n (no. 14)
Cell constants:
a (A 6.6005(4) 6.9355(5)
b (A) 10.1533(7) 20.052(2)
c(A) 19.095(1) 12.1651(9)
a(®) 96.854(1) 90
B () 99.074(1) 106.542(1)
¥(°) 101.872(1) 90
V (A3 1221.3(1) 1621.8(2)
4 2 4
Crystal size (mm) 04x04x03 04x04x03
Number of frames 1271 1271
Exposure timefframe (s) 20 20
dealed (a/em3) 1.504 1.773
20 range (°) 2-54 4-52
h {min., max.) -8/7 -87
k (min., max.) -1377 -24/12
I (min., max.) -24/24 -12/14
Totai reflections 7219 7266
Independent reflections 5132 [R(int.) = 0.0719} 2909 [R(int.) = 0.0562]
F(000) 566 868
Parameters 328 233
Abs. coeff. (Wmm-1) 1.045 1.547
Largest difference 1.274/-1.000 0.707/-0.831
peak/hole (e/A3)
Final R indices [>20(f)] R1=0.0470 R1=0.0308
wR2 =0.1432 wR2 = (.0871
R indices (all data) R1=0.0666 R1=0.0367
wR2 = 0.1802 wR2 = 0,.0950
Goodness-of-fit (F2) 1.038 1.189

those observed in related compounds (cf., [CpMoCl;L,):
L, = dmpe: av. 2.493 Al'3}; L, = dppe: av. 2.476(3) Al!4);
L = P(OCH,);CEtL: av. 2.46(1) A[‘S]; L = PMe,Ph: av.
2.554(1) Aoy,

While the Mo—P bond lengths of molybdenum(0) car-
bonyl phosphane adducts are in the range of 2.45 to 2.60
A (bulky ligands have longer Mo—P bonds)2%3%, and those
of Mo(II) phosphane complexes range from ca. 2.53 to 2.56
AP, the Mo—P bond lengths of 18-electron molybdenum
cyclopentadienyl complexes in which one phosphane adopts
a position trans to the cyclopentadienyl ring are generally
longer {2.688(4) A in [CpMoCly(dppe)]4}. The 17-clec-
tron complexes 1 and 2 show shorter Mo(1)—P(1) bond
lengths of 2.617(1) (1) and 2.554(1) A (2). In the structur-
ally related l6-electron complex [Cp'TaCly{PH(2,4,6-
PriC4H,)}] [Ta—P 2.710(2) A] lengthening of the metal—P
bond was observed[*2],

EPR Studies of
[Cp'MoCL(PH,R)] IR = 2,4,6-PriC¢H, (1), Cy (2)|

1 and 2 are stable organometallic radicals (17-electron
species). As far as we know the only related Mo(V) com-
plexes which have been studied by EPR spectroscopy are
[Cp*MoCL]P2,  [Cp*MoCly(PMe;)}P? and  [CpMoXy-
(CH;CN)] (with X = CI, Br)"%, However, these studies
were conducted in liquid solution without any interpre-
tation of the data obtained.
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Figure 1. Molecular structure of {Cp'MoCly{PH(2,4,6-PriC.H,)}]
(1) showing the atom numbcring scheme employed (ORTEP, 50%
probability, SHELXTL PLUS; XP)“!l; hydrogen atoms (other than
P-H) are omitted for clarity; selected bond lengths [A] and bond
angles [ Mo(D)—P(1) 2.617(1), Mo(1)-CI(1) 2.415(1),
Mo(D)—CI(2) 2.399(1), Mo(1)—Ci(3) 2.426(1), Mo(1)—Cli4)
2.416(1), Mo—C(Cp) 2.343(5) to 2.400(6), P(1)—C(7) 1.822(5), Mo-
—centre 2.050, CI(1)—Mo(1)—CI(2) 86.62(6), Cl(3)—Mo(1)—CI(2)

86.60(5), Cl(3)-Mo(1)~Cl(d) 86.04(5), Cl(1)—Mo(1)—Cl(4)
86.14(5). P(1)-Mo(1)—Cl(1)  75.83(5), P(1)—Mo(1)~Cl(2)
78.38(4), P(1)-Mo(1)~CI(3) 76.88(4). P(1)~Mo(1)—Cl(4)

70.35(4), Mo(1)—P(1)—C(7) 126.6(2), centre—Mo(1)—P(1) 175.5

Figure 2. Molecular structure of [Cp’MoCly(PH,Cy)] (2) showing
the atom numbering scheme employed (ORTEP, 50% probability,
SHELXTL PLUS; XP)*!; hydrogen atoms, (other than P—H) are
omitted for clarity; selected bond lengths [A] and bond angles [°]:
Mo(D)—P(1) 2.554(1), Mo(1)—CIl(1) 2.4285(9), Mo(1)—CI(2)
2.426(1), Mo(1)—CI(3) 2.4054(9), Mo(1)—Cl(4) 2.4206(9),
Mo—C(Cp) 2.338(4) to 2.396(4), P(1)—C(7) 1.826(4), Mo—centre
2.048, Cl(1)—Mo(1)—CI(2) 86.38(4), Cl(3)—Mo(1)—Cl(2) 83.66(3),

CI(3)-Mo(1)-Cl(d) 8591(3), CI(1)~Mo(1)~CI(4) 88.68(4),
P()-Mo(D)-CK1)  70.62(3), P(1)—~Mo(1)—CI(2)  75.23(3),
P(1)-Mo(1)—CI(3)  79.64(3), P(1)~Mo(1)—Cl(4)  74.84(3),

Mo(1)=P(1)—C(7) 124.77(12), centre—Mo(1)—P(1) 175.2

[Cp’'MoCl,{PH,(2,4,6-PriC¢H,)}] (1) and [Cp'MoCl,-
(PH,Cy)] (2) show EPR spectra which ate consistent with
Mo(V) (4d', § = 1/2). Figure 3 shows the liquid-solution
EPR spectrum of 2, together with its simulation. It consists
of a 12-line multiplet symmetrically arranged around an in-
tense central doublet. The doublet arises from species which
contain molybdenum isotopes with a nuclear spin I = 0
(total natural abundance 74.5%); the doublet splitting is
due to hyperfine interaction with the *'P nucleus (/ =
1/2). The weaker multiplet comes from the complexes,
which contain the molybdenum nuclei **Mo ({ = 5/2, natu-
ral abundance 15.9%) and *"Mo (7 = 5/2, natural abun-
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dance 9.6%). These result in a sextet which is split by the
3P nucleus into twelve lines. Two of these lines appear to
be overlapped by the central doublet. An isotropic splitting
of the hyperfine lines due to the two isotopes >Mo and
Mo is not observed because of the small differences in
their nuclear properties.

Figure 3. Experimental (a) and simulated (b) X-band EPR spec-
trum of 2 in toluene at 295 K

a)

. ;
330 340 350 360 370
{mT]

b)

330 340 250 360 370
[mT]

In contrast, the room-temperature EPR spectrum of 1
consists of an intense single line whose line width of AB,, =
4.5 mT is a factor of 7 broader than that observed for 2.
This prevents the observation of hyperfine interactions. The
derived isotropic parameters are given in Table 2.

Figure 4 shows the frozen-solution EPR spectrum of 2 in
toluene (together with its simulation). The spectrum is axi-
ally symmetric and can be described by the spin Hamilton-
ian¥ (eq. 1),
Hsp=pg'[gH-BZ~SZ+g,L(Bx'SX+By'Sy)]+Ah"’°'SZ-IZ+

AMOS, [, + S, L) + APS, I, + AP(S, - L+ S, - L),
(eq. 1)

where all symbols given have their usual meaning. Interest-
ingly, in contrast to the poorly resolved room-temperature
spectrum, the resolution of the 130 K spectrum of 1 is con-
parable to that of 2. In Table 2 the principal values obtained
for the g-tensors and the *>*’Mo and >'P hyperfine struc-
ture tensors AM° and AP are listed and compared to those
determined for [Cp*MoCl,]P%, [Cp*MoCl,(PMe;)]P2,
[CpMoCl,(CH,CN)|"4 and [CpMoBr,(CH;CN)]72L Un-
fortunately, for the cited complexes, EPR studies have been
made only at 295 K. Furthermore, the accuracy of the pa-
rameters determined is low and the g, values for [Cp*-
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Table 2. EPR parameters for 101, 2B [Cp*MoCl]Bd (I),

[Cp*MoCL(PMe,)[P2 (11), [CpMoCL(CH,CN)JP (L) and

[CpMoBr (CH;CN)Jal (1V). I;Iyperﬁne constants are given in
[10-

cem™']

1 2 I I m v
a 1975 1.968
o 1990 1.995
g, 1985 1.986
% 1985 1986 199 1.97 194 1.99
AM™ 826 649
AM 279 288
agx:"""" 395  40.8
ag™ e 39.9 362 414 453 418
Af 289 288
AL 218 218
a, ® 241 241
b ta
a, 24.1 24.8
solvent: toluene toluene THF THF acetone acetone

lal Experimental error: gy, g), g. + 0.002; a)™®, AM°, AM> £ 0.5, a
AL AR £05 M B = (g + 2g.)/3 and a,, = (A + 2A.)/3.
— E'Not resolved. — [ fPerpcndicular part poorly resolved — va-
lues obtained with g,, = go and g. = (3g, — g2

MoClL]P2 and [Cp*MoCly(PMe;)]i*2 (see Table 2) are
questionable.

The hyperfine parameters can be used to estimate the
spin density on the nuclei, and, therefore, allow conclusions
to be made about the nature of the M—L bonds, in particu-
lar the hybridisation of the orbitals?®*331. For this, the com-
plete parameters of the hyperfine tensors are needed. The
spin densities (cggd,) can then be obtained by using eq.
2a,b,

(eq. 2a)
(eq. 2b)

(Cg()z = ag(,exp./ag(,th.

(Ci)(,d)2 = bgip/b?l('l ’

where s, p, and d represent atomic orbitals, X is the nucleus
under discussion, a, the isotropic hyperfine interaction and
H* the dipolar part of the hyperfine tensor.

Using the values for the parameters ¥y, and b3, calcu-
lated by Morton and Preston> and eq. 2a,b, gave the fol-
lowing spin densities for these atoms in 2 whose nuclet gave
rise to observable hyperfine interactions: (cY!°)> = 0.84,
(M) = 0.06, (cF)? = 0.02 and (cf)* = 0.005. Thus, 84%
of the spin density is located in the Mo 4d orbitals, and 6%
was estimated to be in the Mo 5s orbital. The latter value
appears to be questionable because of spin-polarisation ef-
fects, which are known to yield large discrepancies in the ns
contributions, especially for heavier transition metal
ionsl36-37],

The 3s and 3p spin densities determined for the *'P nu-
cleus can be used to estimate the 3s,3p-hybridisation of the
P atom (eq. 3).

@2=ap(—n) @ DP=apr?  (eq.3)

where o} is the overall spin density on the P atom and
amounts to op = 2.5%.
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Figure 4. Experimental (a) and simulated (b) X-band EPR spec-
trum of 2 in toluene at 130 K; the high-field part is additionally
increased in intcnsity by a factor of 5

a)
L SN 1 bl 1 1. ]
310 320 330 340 350 360 370
ImT]
b)

310 320 330 240 350 360 370
[mT]

This gives a degree of hybridisation »* of 0.8, close to

that expected for a tetrahedrally coordinated P atom (n? =
0.75). This result is consistent with the molecular structure
(see Figure 2), which shows nearly tetrahedral coordination
of the P atom. After summation of the spin densities esti-
mated for Mo (contribution neglected) and P and consider-
ation of the fact that, due to overlap contributions, some
terms with a negative sign are contained in the normali-
zation condition of the molecular orbital of the unpaired
electron, about 15—25% spin density remains. This is ex-
pected to be located on the four Cl and the Cp’ ligands in
the first coordination sphere. Unfortunately, hyperfine in-
teractions with nuclei of these ligands were not observed,;
therefore, the spin densities on these nuclei remain an open
question. The interpretation of the EPR spectra of the
Mo(V) complex 1 yields, within error limits, the same re-
sults.

Conclusions

The first organometallic molybdenum(V) complexes with
primary phosphane ligands, [Cp'MoCl,(PH;R)] [R = 2.,4,6-
PriCeH, (1), Cy (2)], show a trans arrangement of the Cp’
and phosphane ligands. EPR investigations in liquid and
frozen solution confirmed the presence of Mo(V) species,

Chem. Ber./Recueil 1997, 130, 807—812
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and the data were used to analyze the spin-density distri-
bution in the first coordination sphere.

As deprotonation of primary phosphanes in molyb-
denum carbonyl complexes can be achieved with alkyl lith-
ium reagents or DBUP! "2, we arc presently investigating
the reactivity of 1 and 2, with the preparation of posphinid-
ene complexes (with elimination of HCI, analogous to the
preparation of Ta phosphinidene complexes!®!) being one of
our major goals.

We gratefully acknowledge support of this work by the Fonds der
Chemischen Industrie and the Deutsche Forschungsgemeinschaft. We
thank the company Chemerall for a generous donation of lithium
alkyls, H C Starck GmbH & Co. KG for a generous donation of
MoCls, and Hoechst AG for a generous donation of chemicals.

Experimental Section

All experiments were carried out under purified dry argon. Sol-
vents were dried and freshly distilled under argon. The IR spectra
were recorded on a FT-IR spectrometer Perkin-Elmer Spectrum
2000 in the range 200—400 (CsI) and 400—4000 (KBr) cm™!; MS:
VG 12-250. X-ray structural analyses: Siemens SMART CCD dif-
fractometer. EPR spectra of ca. 107* M solutions of T and 2 in
toluene were recorded with a BRUKER ESP 300E at X-band fre-
quency (v = 9.5 GHz) at T = 295 K and 130 K. The simulated
spectra were generated by using the simulation program “pow-
der”P®, The melting points were determined in sealed capillaries
under argon and are uncorrected. [Cp'MoCl(CH;CN)}IP),
PH.Cy®® and PH,(2,4,6-PriCsH,)! were prepared by litcrature
procedures.

(Methyleyelopentadienyl) [(2,4,6-triisopropylphenyl)phos-
phane [molybdenum Tetrachloride (1): PHy(2,4,6-PriCsH,) (1.3 ml,
ca. 1.2 g, 52 mmol) was added with a pipette to a suspension of
[Cp"MoClL(CH;CN)] (1.87 g, 52 mmol) in 25 ml of toluene. The
mixture was stirred at room temperature for 10 min, after which a
brown solution and a brown solid had formed. After stirring for 2
d, the solvent was removed in vacuum, giving a red-brown slimy
residue. Washing with hexane (20 ml) gave a powdery solid, which
was isolated by filtration and dried in vacuum. Toluene (10 ml) was
then added to the solid to separate the soluble product 1 from
the insoluble unreacted [Cp’MoCl,(CH;CN)]. 1 was precipitated
as brown crystals from the yellow-brown toluene solution by ad-
dition of hexane (10 ml). Yield: 1.8 g (62%), dec. 139°C. — IR
(KBr): ¥ (cm™!) = 2408 w, 2389 w (vPH). — FIR (CsD), ¥ (cm ') =
328 m-st (8MoCl), 313 vst, br (v,,MoCly), 282 st (v,MoCl,), 247 w
(6MoCl). — MS; m/z (%): 553 (1) [M*], 236 (55) [PHx(2,4,6-
PriC4H,)*], 44 (100) [(Pr)*], and fragmentation products thereof
are observed. — C;;H3,CLPMo (553.19): caled. C 45.539, H 5.83,
Cl 25.63; found C 44.43, H 5.81, Cl 25.36.

{ Cyclohexylphosphane ) (methylcyclopentadieny!) molybdenum
Tetrachloride (2): PH,Cy (0.7 ml, ca. 0.7 g, 60 mmol) was added
with a pipette to a suspension of [Cp'MoCl{CH;CN)] (1.64 g, 46
mmol) in toluenc (25 ml). The mixture was stirred at room tem-
perature for 10 min, after which a brown solution and brown solid
had formed. Alier stirring for 2 d, the solvent was removed in vac-
uum giving a dark-brown slimy residue. Washing with hexane (20
ml) gave a powdery solid, which was isolated by filtration and dried
in vacuum. Toluene (20 ml) was then added to the light-brown
solid to separate the soluble product 2 from the insoluble unreacted
[Cp"MoCL(CH;CN)]. 2 was precipitated as brown crystals from
the yellow-brown toluene solution by addition of hexane (20 ml).
Yield: 1.9 g (98%), dec. 134.5°C. — IR (KBr): ¥ (cm™!) = 2430 w,

Chem. Ber.lRecueil 1997, 130, 807—812

2388 w (VPH). — FIR (Csl): ¥ (cm™1) = 329 m (8MoCl), 316 vst,
br (vasMoCLy), 273 st (v;MoCly). — MS; miz (%): 432 (0.5) [M*],
115 (55) [PH,Cy™], and fragmentation products thereof are ob-
served. — CpHoClLPMo (432.99): caled. C 33.28, H 4.66, Cl
32.75; found C 33.38, H 4.88, C1 32.78.

X-ray Crystul Structure Determination of 1 and 21 Dala (Mo-
K, = 0.71073 A) were collected with a Siemcns CCD (SMART)
diffractometer. All observed reflections for 1 and 2 were used for
refinement (SATNT) of the unit cell parameters. Empirical absorp-
tion correction with SADABS™. Thc structures were solved by
direct methods (SHELXTL PLUS)MU. Mo, P, Cl and C atoms an-
isotropic, H atoms located by difference maps and refined iso-
tropically. For 1, the P—H protons were refined isotropically in
calculated positions. Table 1 lists crystallographic details.

* Dedicated to Professor Dr. Joachim Sirihle on the occasion of
his 60th birthday.
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