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The new potentially threefold-chelating ligand tris[2-(1-
methyl-4-tolylimidazolyl)|[phosphane (Pim™e?™!) has been
prepared. The p-tolyl substituents on the imidazole rings
form a shielded hydrophobic cavity. The first X-ray-structure
analysis of this ligand system confirms the proposed struc-
ture. The reaction of PimMePT! with ZnX, salts (X = CI,

Br, I, NOj) yields monomeric Zn"! complexes. The X-ray
crystal  structures  of  [PimMePT!ZnCl]|,(ZnCly) and
[PimMePTolZnNO4]NO4 prove that the Zn?* centres are in a
tetrahedral environment with threefold N-imidazole coor-
dination. This arrangement mimics the active centre of car-
bonic anhydrase (CA).

Introduction

Zinc is an essential element in biological systems.[!l Its
first biological function was found in the enzyme carbonic
anhydrase (CA), a hydrolase which catalyses the hydration
of carbon dioxide at physiological pH, according to (Equa-
tion 1).

CA
€Oy +2H,;0 == HCO5 +H,0"* (1

In the absence of a catalyst, this apparently simple reac-
tion is extremely slow. However, it is imperative to nearly
all living organisms that this reaction is fast. CA accelerates
the rate of hydration of CO, 107-fold.?! ' In order to under-
stand the essential structure and reaction characteristics of
bioinorganic systems, small molecular model complexes are
a convenient approximation. One model system for CA is
based on sterically demanding tris(pyrazolyl)hydroborate
(Tp) ligands A. This type of ligand forms zinc(II) complexes
with structural and functional properties similar to those
of the active site of CA. An essential prerequisite for the
successful application of such systems is the introduction of
bulky groups R, such as fert-butyl®l, phenyl, p-cumyll® or
p-tolylL,[°l in the 3-position of the pyrazolyl rings. The pres-
ence of these sterically demanding substituents inhibits the
formation of bis-ligand complexes [Zn(Tp),] and it forces
coordination numbers smaller than six. Whereas terz-butyl
substituents reduce the coordination number exclusively to
four, aryl substituents enable Zn™ to extend its coordination
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sphere to five.[l In addition, the aryl groups form a hydro-
phobic pocket around the zinc ion. The hydrophobic sur-
rounding should help the coordinated water in complexes
[TpZnOH,] to become acidic at physiological pH. While
with this, the importance of steric factors in CA model sys-
tems has been established, it remains unclear whether the
negative charge of the Tp ligands is required to stabilise
biomimetic zinc complexes. One of the main problems in
this context is the sensitivity of Tp ligands toward hydro-
lysis.

Tris(imidazolyl)phosphane ligands are neutral and hydro-
lytically stable analogues of the Tp ligands to which they
are sterically and electronically very similar. Zinc complexes
of  tris[2-(4,5-diisopropyl)imidazolyl]phosphanel®  and
tris[2-(4,5-di-n-propyl)imidazolylJphosphane® have been
synthesised. It turned out that these complexes are remark-
ably different in their efficiency in catalysing the CO»/
HCO5™ equilibrium. Unfortunately the 1,3-tautomerism in
the imidazole rings makes it difficult to assess the geometry
of the catalytically active zinc complexes. Knowing that the
histidyl-imidazol N-ligation to metal ions is ubiquitous in
nature, further development of zinc coordination chemistry
with other imidazole-derived ligands is obviously desirable.

Until now two tris(imidazolyl)phosphane ligands of type
B have been prepared (Scheme 1).1'% They have 1,4- rather
than 4,5-substituted imidazole rings. While in Tp ligands
A the 5-methyl groups serve as a protecting unit for the
hydrolytically sensitive B—N bonds, the 1-alkyl substituent
in B is only necessary to suppress the 1,3-tautomerism in
the imidazole. These tripodal ligands of type B have been
described only with bulky alkyl substituents in the 1-posi-
tion as well as in the 4-position. This can be attributed to
the fact that the synthesis of substituted imidazole rings is
relatively difficult. Thus, only very few zinc-containing en-
zyme model complexes incorporating substituted imidazole
N-donor groups have been reported.

1434—1948/00/0707—1549 $ 17.50+.50/0 1549



FULL PAPER

W. Klaui, C. Piefer, G. Rheinwald, H. Lang

A

R'=H, CHj

Scheme 1. Schematic structures of aryl-substituted tris(pyrazolyl)-
borate ligands and of bulky 1,4-dialkyl-substituted tris(imidazolyl)-
phosphane ligands

We describe here the synthesis of the new tripodal p-tolyl-
substituted tris(imidazolyl)phosphane ligand PimMe» ™! (3)
and its reaction behaviour towards Zn'! salts in order to
develop model systems which can mimic CA enzyme char-
acteristics. This ligand is the first ligand of its type with aryl
substituents in the 4-position of the imidazole rings. The
aryl substituents were expected to play the same role as in
the analogous Tp ligands, i.e. they should form a sterically
demanding and hydrophobic cavity around the zinc ion. A
bulky isopropyl substituent in the 1-position as in the
known ligands Pim™>P" and Pim™"/But 19 seems unneces-
sary. We have chosen the small methyl group to keep the
solubility in protic solvents as high as possible.

Results and Discussion

Synthesis and Spectroscopic Characterisation

The well-established way of preparing tris(imidazolyl)-
phosphanes of type BI'!l was not suitable for synthesising
the desired ligand PimMe»T! (3). Because of the difficulty
of introducing an aryl substituent into the imidazole ring
regiospecifically, we applied an alternative route, via oxazol-
ines 1, to prepare the 1,4-disubstituted imidazoles 2.'?! The
mechanism of this reaction did not exclude, a priori, the
formation of the second regioisomer 2. The isomer 2 as the
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only product could be confirmed by 2D NMR experi-
ments.l'3 Flash chromatography of the reaction mixture af-
forded crude I-methyl-4-tolylimidazole in an acceptable
yield. In the following step, the imidazole was lithiated in
the 2-position and then treated with PCl; in THF at —78
°C (Scheme 2) yielding 3 as a colourless solid after crys-
tallisation from dichloromethane/hexane.
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Scheme 2. Synthesis and schematic structure of the aryl-substituted
tris(imidazolyl)phosphane ligand PimMe7T0! (3): i) MeNH, in ben-
zene, autoclave, T = 120 °C, ii) nBuLi, THF, —78 °C; iii) PCls,
THF

The 'H NMR spectrum of 3 shows Cs, symmetry with
an [AB],-system at & = 7.43 for the p-tolyl protons. The
doublet at § = 7.18 (3Jyy = 8 Hz) of the [AB],-system is
assigned to the m-protons of the p-tolyl group and the
doublet at § = 7.68 (3Jyy = 8 Hz) is assigned to the pro-
tons in the o-position on the basis of correlated 'H,!3C
HMBC NMR spectra. The singlet at 6 = 7.38 can be as-
signed to the proton in the 5-position of the substituted
imidazole ring and the singlet at 8 = 3.76 can be assigned
to the protons of the N—CHj group. In the 3'P{'"H} NMR
spectrum of 3 the 3'P signal appears at § = —57.9 as a
singlet. The EI mass spectrum of 3 exhibits the peak for
the molecular ion at the expected m/z value together with a
characteristic fragmentation pattern.

The zinc(I1) complexes [PimMe?TlZnX]Y were prepared
in high yield by stirring the tris(imidazolyl)phosphane 3
with ZnX, salts in THF (X = NO;, Cl, Br) or in ethanol
(X = 1), under reflux (Scheme 3). The complexes 4a—4d
form colourless solids and can be crystallised from aceton-
itrile or nitromethane to yield analytically pure colourless
crystals.

The '"H NMR spectra of the zinc complexes 4a—4d also
show a signal pattern corresponding to Cs, symmetry. The
signal of the proton in the 5-position of the imidazole ring
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Scheme 3. Synthesis and schematic structures of the zinc complexes [PimMe*™1ZnX]Y (4a—d)

is shifted to lower field and split into a doublet (4a: § =
7.53, *Jpyy = 4 Hz; 4b: § = 7.49, *Jpy = 4 Hz; 4¢: § = 7.46,
“Jou = 5Hz; 4d: § = 7.56, “Jpy = 4 Hz) when compared
to the signal in the free ligand 3. Upon coordination to
Zn"!, the 3'P signal for complexes 4a—4d is shifted to higher
field (4a: 6 = —113.7;4b: 6 = & = —118.2;4¢c: 6 = —119.4;
4d: 6 = —117.8). A similar shift has also been reported for
the 3!P signal of ligands of type B in Cu' complexes, e.g.
[Pim™P*"CuCH;CN][BF,].l'"! The FAB mass spectra of
the Zn'' complexes 4a—4d exhibit the peak for the molecu-
lar ion at the expected m/z value together with a character-
istic fragmentation pattern.

Solid State Structure of 3, 4a and 4d

Crystals of 3 suitable for an X-ray crystal structure deter-
mination were obtained by slow evaporation of an acetone
solution. It crystallises in the monoclinic space group Cc
with four independent molecules per unit cell. Crystals of
the complexes 4a and 4d were grown by diffusion of hexane
into a nitromethane solution. Both complexes crystallise in
the triclinic space group P1. The structure of 4a contains
two independent cationic molecules and three solvent mole-
cules of nitromethane per unit cell. The two independent
cationic molecules differ only within the ranges of standard
deviations, except for one Zn—N distance and some torsion
angles.'Y Crystals of 4d contain one strongly disordered
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Figure 1. ZORTEP plot>3 (50% probability) of PimMerTe! (3)
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_Fi%‘ure 2. ZORTEP plot>’! (50% probability) of [PimMerTolznCI]*+
mn 4a
nitromethane molecule. The solid-state structure of the li-
gand 3 is shown in Figure 1, the structure of the cation
[PimMerTIZnCl]* of 4a in Figure 2 and the structure of
[PimMerTolZnNO5]* of 4d is presented in Figure 3. Selected
bond length, angles and torsion angles are given in Table 1.
The structure of the free ligand 3 is the first solid-state
structure reported for a tris(imidazolyl)phosphane ligand.
Figure 1 shows a trigonal pyramidal environment of P(1)
with P—C o-bond lengths and C—P—C bond angles com-
parable to those of aromatic phosphanes such as tri-o-tolyl-
phosphanel!™ or tri-m-tolylphosphane.['® The P—C o-bond
lengths of 3 (1.813—1.841 A) are similar to those found for
tri-o-tolylphosphane!'>! (1.830—1.837 A) or tri-m-tolylphos-
phanel'®! (1.829—1.838 A). Only one C—P—C bond angle
[96.8(2)°] is smaller than those found for tri-o-tolylphos-
phanel’  (101.6—103.4°) or tri-m-tolylphosphanel!¢!
(100.6—102.2°). The small deviation of the N—C—-C—-C
bond torsion angles of 3 (Table 1) from 0° or 180°, respect-
ively, indicates that the p-tolyl rings are nearly coplanar
with the imidazolyl-system in the free ligand.
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Figure 3. ZORTEP plot® (50% probability) of [PimMerTol
ZnNO,]* in 4d

Table 1. Selected bond distances (A), angles (°) and torsion angles
(°) for PimMer™l (3) [PimMe»T!ZnCI]* in 4a, and [PimMerTol
ZnNOs]" in 4d

3 4a 4d
Zn(1)—N(6) 2.074(3) 2.025(2)
Zn(1)—N(4) 2.057(3) 2.026(2)
Zn(1)—N(2) 2.062(3) 2.092(2)
P(1)—C(1) 1.841(5) 1.818(4) 1.817(3)
P(1)-C(12) 1.824(5) 1.824(4) 1.825(3)
P(1)—C(23) 1.813(5) 1.812(4) 1.828(3)
N@)—Zn(1)—N(_2) 95.75(12) 93.97(9)
N(6)—Zn(1)—N(2) 99.89(11) 95.44(9)
N(6)—Zn(1)—N(4) 90.29(12) 100.23(9)
C(1)—P(1)—C(12) 96.8(2) 97.36(16) 95.61(13)
C(1)—P(1)—C(23) 103.5(2)  98.71(17) 97.29(14)
C(12)—P(1)—C(23) 102.2(2)  97.57(16) 100.42(13)
N(2)—C(3)—C(5)—C(6) 179.5(5) 141.5(4) —15.0(5)
N@4)—-C(14)—-C(16)—C(21) —15.1(7) 146.5(5) 29.4(4)
N(6)—C(25)—C(27)—C(32) 5.9(6) 14.0(6) —35.6(5)
Zn(1)—CI(1)/=0O(1) 2.1725(10)  1.9592(19)

The structures of the two cationic Zn"! complexes 4a and
4d reveal a slightly distorted tetrahedral coordination envir-
onment of Zn'" with threefold N-imidazolyl coordination.
The Zn(1)—CI(1) bond length in 4a [2.1725(10)A] does not
differ significantly from that of the other known tris(imida-
zolyl)phosphanezinc chloride complex chloro{tris[2-(4,5-
diisopropylimidazolyl)phosphane]}zinc chloride [2.170(2)-
AJ'7 The Zn(1)-O(1) bond length [1.9592(19)A] per-
taining to the coordinating NOj in 4d is similar to the
Zn—O0 distances in the nitrato complex tris[2-(1-isopropyl-
4-tert-butylimidazolyl)phosphane]zinc  nitrate  [1.986(4)-
A].1'%1 The nitrate ligand in complex 4d acts as a monod-
entate ligand'®! unlike the coordinating nitrate in tris[2-(1-
isopropyl-4-tert-butylimidazolyl)phosphane]zinc nitrate
which shows an anisobidentate coordination mode. This is
surprising in view of the different steric bulk of the p-tolyl
and tert-butyl groups. We expected that the less bulky p-
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tolyl groups would allow for bidentate coordination of the
nitrate ligand. The N—Zn—N bond angles in both 4a
(90.3-99.9°) and 4d (94.0—100.2°) are smaller than the tet-
rahedral angle. These angles do not differ significantly from
previously reported values for tris(imidazolyl)phosphanes,
e.g. chloro{tris[2-(4,5-diisopropylimidazolyl)phosphane]}-
zinc chloride!!” or [Pim™*BuZnX]* (X = OH, I, NO;).l'%
The three Zn—N bond lengths in the structure 4a are equal
(mean: 2.064 A) and are very similar to the Zn—N bond
lengths in 4d (2.025—2.092 A) and [PimT*BuZnX]" (X =
OH, I, NO5).I'%l It is worth mentioning that the Zn—N
bond lengths and N—Zn—N bond angles in the analogous
hydrotris(pyrazolyl)borate complexes [TpM&PPZnNO;]“]
and [TpMePhZnCIL,["1 do not differ significantly from those
found for tris(imidazolyl)phosphanes. The P—C bond
lengths of 4a (mean: 1.818 A) and 4d (mean: 1.823 A) are
equivalent within the standard deviation and show no signi-
ficant differences to those found for the free ligand 3. The
C—P—-C bond angles of 4a (97.4—98.7°) and 4d
(95.6—100.4°) are slightly smaller than the C—P—C bond
angles of the free ligand 3 (96.8—103.5°). This suggests that
the tridentate coordination of 3 to Zn'" induces no signific-
ant strain on the ligand independent of the coordinating
anion. The natural bite of the ligand seems to be ideally
tailored to the tris-chelating coordination of Zn™. The al-
ready mentioned N—C—C—C torsion angles of 4a and 4d
(Table 1) vary a bit more than those observed for 3. This
small deviation from coplanarity can be interpreted as be-
ing caused by weak interactions of the coordinating anion
with the p-tolyl substituents.

Conclusion

We have synthesised the new p-tolyl-substituted tris(imid-
azolyl)phosphane ligand Pim™e#T°! (3) and prepared a vari-
ety of stable Zn'! complexes. PimMe»™! (3) is the first tris-
(imidazolyl)phosphane ligand with a hydrophobic cavity
formed by three aryl substituents. The geometry of its zinc
complexes (bond lengths, angles, bite of the ligand) is sim-
ilar to the geometry of the tris(pyrazolyl)borate zinc com-
plexes. A comparison of the X-ray structure analyses of the
free ligand PimM#T°! (3) and the two complexes [Pim™Me#-
TolZnCl1,ZnCl, (4a) and [PimMe»T!IZnNO;]NO; (4d) re-
veals that the tris(imidazolyl)phosphane ligand hardly
changes its bond angles upon metal coordination. The nat-
ural bite angle of the ligand is obviously ideally suited for
zinc ion complexation. The orientation of the p-tolyl groups
in the Zn'"" complex 4d shows that the hydrophobic cavity
can adjust to the nonspherical shape of the nitrate ligand.
The cavity seems deep and wide enough to allow access of
an additional small molecule. This aspect is probably im-
portant to the mimicry of carbonic anhydrase activity. We
think that the PimMe?™! ligand 3 is more suitable for reac-
tion in protic solvents than the Tp®R’ ligands with their
B—N bonds that are inherently sensitive to hydrolysis.
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Experimental Section

General Remarks: The compounds 5-tolyl-4-tosyloxazolinel'” and
tris[2-(1-methyl-4-tolylimidazolyl)phosphane!'®®! 3 were synthesised
according to the literature procedures for analogous systems. Eth-
anol was purified and degassed by standard procedures. All other
solvents and reagents were used without further purification. 'H
NMR spectra, >'P NMR spectra and '*C NMR spectra were re-
corded on a Bruker DRX 200 spectrometer, the 2D NMR spectra
were recorded on a Bruker DRX 500 spectrometer. The chemical
shifts (3) are reported in ppm with the solvent signal as reference.
The El-mass spectra were recorded on a double focussing mass
spectrometer, model 311 A Varian MAT, ionisation energy 70 eV.
The FAB mass spectra were recorded on a mass spectrometer Fin-
nigan, Model MAT 8200, with an NBA matrix.

5-Tolyl-4-tosyloxazoline (1): Prepared according to a literature pro-
cedurel'? with tosylmethyl isocyanide (25.0 g, 128 mmol), tolylal-
dehyde (15.4 g, 128 mmol) and finely powdered sodium cyanide
(0.4 g, 8 mmol) in 100 mL of dry ethanol. Yield: 38 g (90%) as a
colourless crystalline solid. — '"H NMR (CDCl;): & = 2.39 (s, 3 H,
tolyl CH3), 2.49 (s, 3 H, tosyl CHj), 5.07 (dd, 3Jyp = 6 Hz, *Jyy =
2 Hz, 1 H, oxazoline C° H), 6.05 (d, >*Jyy = 6 Hz, 1 H, oxazoline
C* H), 7.24 (s, 5 H, tosyl C¢H,, oxazoline C> H), 7.42 (d, *Jyy =
8 Hz, 2 H, C¢H,H,CH3), 7.88 (d, 3Juu = 8 Hz, 2 H, C¢H,H,CH3).

1-Methyl-4-tolylimidazole, Im™¢»T! (2): A suspension of 5-tolyl-4-
tosyloxazoline (102 g, 310 mmol) in 250 mL of benzene was stirred
under nitrogen in a 500 mL autoclave fitted with an inlet tube and
a PTFE insert. The hole device was cooled to —78 °C. Then, dry
methylamine (39.9 g, 1.28 mol) was condensed into the autoclave
which was subsequently heated with stirring to 120 °C. After 20 h a
red orange mixture was obtained and flash chromatography (ethyl
acetate/dichloromethane, 4:1) afforded crude 1-methyl-4-tolylimid-
azole (15 g, 87 mmol; 28% relative to 1) which was recrystallized
from diethyl ether as colourless flakes. — '"H NMR (CDCl,): § =
2.39 (s, 3 H, C¢qH4CH3), 3.74 (s, 3 H, NCHj3), 7.16 (d, #Jyy = 1 Hz,
1 H, imidazolyl C3H), 7.22 (d, 3Jun = 8 Hz, 2 H, m-H of p-tolyl),
7.49 (s, 1 H, imidazolyl C*H), 7.69 (d, 3Juy = 8 Hz, 2 H, 0-H of
p-tolyl). — BC{TH} NMR (CDCls): § = 21.6 (s, CsH4CH3), 33.9
(d, J = 3Hz, NCHs;), 115.9 (s, imidazole C*> H), 125.1 (s, 2C, p-
tolyl C7-7"H), 129.7 (s, 2C, p-tolyl C®¥'H), 131.9 (s, p-tolyl C), 136.7
(s, p-tolyl C), 138.8 (d, J = 2 Hz, imidazole C°H), 142.8 (s, imida-
zole C*). — MS (ED): m/z (%) = 172 (100) [M*], 157 (16) [M* —
CHs], 130 (21) [M* — CH; — NCH], 103 (16) [CsH; "], 77 (12%)
[CeH5™].

Tris[2-(1-methyl-4-tolylimidazolyl)Jphosphane, PimM<r™! (3): The
procedure for Pim™=Pr [190] was modified by using THF as solvent
instead of diethyl ether and replacing the THF with dichlorome-
thane before adding the ammonia solution. Preparation of 3 from
I-methyl-4-tolylimidazole (15 g, 87 mmol), n-butyllithium (62 mL,
99 mmol, 1.6 M in hexane), freshly distilled PCl; (4.2 g, 30 mmol)
and 150 mL of THF. Yield: 7.4 g (14 mmol; 45% rel. to PCl;) of
tris[2-(1-methyl-4-tolylimidazolyl)Jphosphane as a colourless solid
after recrystallization from dichloromethane/hexane. — 'H NMR
(CDCly): 6 = 2.38 (s, 9 H, C(H4CH3), 3.76 (s, 9 H, NCH;3), 7.18
(d, 3Juyn = 8 Hz, 6 H, C¢H,H,CH3), 7.38 (s, 3 H, imidazole C° H),
7.68 (d, 3Juy = 8Hz, 6 H, C¢cH,H,CH;3). — BC{'H} NMR
(CDCly): 8 = 21.7 (s, C¢H4CH3), 35.2 (m, NCHs), 121.0 (s, imida-
zole C?P), 125.2 (s, 2C, p-tolyl C"-7"H), 129.6 (s, 2C, p-tolyl C*8'H),
131.7 (s, p-tolyl C), 136.8 (s, p-tolyl C), 141.1 (d, J = 11 Hz, imida-
zole C°H), 143.5 (d, J = 9 Hz, imidazole C¥). — 3'P{'"H} NMR
(CDCly): 8 = =57.9. — MS (EI): m/z (%) = 544 (13) [M'], 372
(16) [P(N2C1 1 Hyp),™ — H], 359 (76) [P(N2CyyHipp),™ — CHyJ, 202
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(20) [PN,C, H,, %], 173 (52) [ImMe#Tol+ + H]J, 130 (30) [ImMerTol+
— CH; — NCH].

Bis|chloro{tris|2-(1-methyl-4-tolylimidazolyl)|phosphane}zinc] Tetra-
chlorozincate, [Pim™¢»™!ZnCl|,ZnCl, (4a): A stirred solution of
PimMerTo! (546 mg, 1.00 mmol) in 40 mL of THF was treated with
ZnCl, (126 mg, 0.925 mmol) in THFE. The reaction mixture was
heated under reflux for 30 min then stirred for an additional 12 h
at 25 °C. The complex precipitated as a colourless powder, which
was collected by filtration and washed with 30 mL of THFE. Drying
under vacuum afforded 4a (0.37 g, 0.25 mmol; 82% rel. to ZnCl,).
— 'H NMR (CD;3NO»): § = 2.37 (s, 9 H, p-tolCH3), 4.12 (s, 9 H,
NCHj;), 7.25 (d, 3Jyu = 8 Hz, 6 H, C¢H,H,CHj), 7.53 (d, *Jpy =
4Hz, 3 H, imidazolyl C°H), 7.61 (d, *Jyy = 8Hz, 6 H,
C¢H,H,CHj3). — 3'P NMR (CD;NO»): § = —113.7. — MS (FAB):
mlz (%) = 643 (83) [PimMerTZnCIlY, 472  (14)
[P(N,Cy H 1).ZnCl)*", 438 (5) [P(N,Cy Hp)»Zn]*, 373 (6)
[P(N2Cy1Hp1)2 7], 202 (3) [PNLCy Hyy 7] 77 (36) [CeHs™ ]

Bromo{tris[2-(1-methyl-4-tolylimidazolyl)|phosphane}zinc Bromide,
[PimMe»T!ZnBr|Br (4b): This compound was prepared according
to the procedure described for [PimMe7T1ZnCl],ZnCl, (4a) with 3
(273 mg, 0.501 mmol) and ZnBr, (113 mg, 0.502 mmol). Yield:
0.31 g (80%) of 4b as a colourless powder. — 'H NMR (CD3;NO,):
§ = 2.38 (s, 9 H, p-tolCHj3), 4.22 (s, 9 H, NCH;), 7.24 (d, 3Jyy =
7 Hz, 6 H, C¢H,H,CHj3), 7.49 (d, *Jpyy = 4 Hz, 3 H, imidazolyl C>
H), 7.55 (d, 3Jgyg = 7Hz, 6 H, C¢H,H,CH3). — 3P{'H} NMR
(CD;3NOy): 6 = —1182. — MS (FAB): m/z (%) = 689 (25)
[PimMerTlZnBr)*, 518 (5) [P(N,C,H;),ZnBr]*, 438 (3)
[P(N,C, H/;),Zn]".

Todo{tris|2-(1-methyl-4-tolylimidazolyl)|phosphane} zinc lIodide,
[PimMerTelZnl|I (4¢): This compound was prepared according to
the procedure described for [PimMe*™!ZnClI],ZnCl, (4a) with 3
(273 mg, 0.501 mmol), Znl, (159 mg, 0.498 mmol) and ethanol as
solvent. Yield: 0.36 g (84%) of 4c¢ as a colourless powder. — 'H
NMR (CD3NO,): & = 2.37 (s, 9 H, p-tolCHj3), 4.23 (s, 9 H, NCH;),
7.24 (d, 3Jyy = 7Hz, 6 H, CcH>H,CHj3), 7.46 (d, *Jpy = 5Hz, 3
H, imidazolyl C°H), 7.50 (d, 3Jyy = 8 Hz, 6 H, C¢H,H,CH3). —
SIP{'H} NMR (CD3NO,): § = —119.4. — MS (FAB): m/z (%) =
735 (100) [PimMerTlZnl]*, 564 (18) [P(N,C; H},),Znl]", 438 (23)
[P(N2Cy1H11)2Zn] ", 373 (26) [P(N2CiHip)y "]

Nitrato{tris[2-(1-methyl-4-tolylimidazolyl)|phosphane}zinc  Nitrate,
[PimMerT'ZnNO;]NO; (4d): This compound was prepared accord-
ing to the procedure described for [PimMe»™!ZnCl],ZnCl, (4a) with
Zn(NO3),[6H,0 (298 mg, 1.00 mmol). Yield: 0.67 g (92%) of 4d as
colourless powder. — 'H NMR (CD;CN): § = 2.40 (s, 9 H, p-
tolCHj), 4.10 (s, 9 H, NCH3), 7.30 (d, 3Jyy = 8Hz, 6 H,
Ce¢H,H,CHj3), 7.48 (d, 3Juyy = 8 Hz, 6 H, C¢H,H,CHs), 7.56 (d,
4Jpy = 4 Hz, 3 H, imidazolyl C°H). — 3'P{'"H} NMR (CD;CN):
§ = —1178. — MS (FAB): m/z (%) = 670 (100)
[PimMerTlZnNO;] ", 438 (18) [P(N,C; H;;).Zn]", 373 (16)
[P(NLC1H )], 202 (1) [PNLCyHyy '], 77 (94) [CoHs ™), 51 (69)
[C4H;7].

X-ray Crystallographic Study: For all compounds PimMerTel (3),
[PimMerT1ZnCl],ZnCl, (4a), and [PimMeT1ZnNO;]NOj; (4d) data
collection was carried out using a Bruker Smart CCD system. All
data were corrected for absorption using SADABS.[?Y The struc-
tures were solved using direct methods [SHELX-971?!1 (3) and (4a),
SIR-97% (4d)] and refined using least-squares methods (SHELX-
97). Before the final refinement of 4d the electron density of a
strongly disordered nitromethane molecule was treated with PLA-
TONP using the built-in SQUEEZE routine.*¥ Crystal data for
3, 4a and 4d are summarised in Table 2. Requests concerning the
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Table 2. Crystallographic data for PimMe#Tel (3), [PimMe#T1ZnCl],[ZnCl,JBCH;NO, (4a) and [PimMeT1ZnNO;]NO; (4d)

3 4a 4d

Crystal shape rectangular rod triclinic triangular plates
Crystal colour colourless colourless colourless
Crystal size (mm?) 1.2 X 0.3 X 0.1 0.45 X 0.25 X 0.2 0.4 X 0.4 X 0.08
Emplrlcal formula C33H33N6P C69H75C16N1506P22n3 C33H33N806PZH
Formula weight 544.62 1681.1 734.01
Crystal system Monoclinic Tr_1011mc Triclinic
Space group Cc Pl Pl
a (A) 6.4913(3) 11.3536(2) 10.6721(6)
b (A) 24.1876(12) 17.99740(10) 11.2203(6)
¢ (A) 18.7098(10) 19.6392(2) 17.9169(10)

a (%) 90 94.1396(9) 106.3791(12)
B °) 94.0140(10) 105.9953(5) 92.2410(11)
v (°) 90 95.8169(9) 114.1669(11)
V(A% 2930.4(3) 3816.66(8) 1848.47(18)
Z 4 2 2
d (calc, g/em?) 1.234 1.463 1.319

Type of diffractometer
Radiation used (A, A)

Bruker Smart CCD
Mo-K, (0.71073)

Monochromator Graphite
Data-collecting mode ®-scans
Llnedr absorption coefficient 0.127
(mm~")

Temperature (K) 173(2)

Max., min. transmission
Total reflections

0.949229, 0.456016
6746

Independent reflections 3341

Unique reflections [/ = 26 (1)] 2716

R(int) 0.1170

Scan range 1.68 = 6 = 29.99°

Index ranges d=h=2
-33=k=34
-11=/=26

F(OOO) 1152

RWU>2de
R indices (all data)

0.0599, 0.1495
0.0757, 0.1644

Maximum d/s 0.727
Maximum e-density (e% 3) 0.362
Minimum e-density (e[A~3) —0.541
Used reflections 3341
L.S. restraints 2
Refined parameters 367
Goodness-of-fit on F? 1.068

Bruker Smart CCD
Mo-K, (0.71073)

Bruker Smart CCD
Mo-K, (0.71073)

Graphite Graphite

®-scans ®-scans

1.247 0.760

173(2) 173(2)

0.754681, 0.637147 0.846095, 0.727768
30943 14790

20075 9666

12210 5514

0.0338 0.0361

1.49 = 6 = 30.44° 1.20 = 6 = 30.22°
-l =h=15 8=h=14
—25=k=24 —15=k=15
=27=[1=22 —24=[=25
1728 760

0.0544, 0.1236
0.1074, 0.1474

0.0549, 0.1062
0.1110, 0.1249

3.475 0.694
1.342 0.618
—1.304 —0.372
20075 9666
11 0

921 448
1.015 0.954

2_
F,

F2PIE(WEN'?), S = [£ w(F2 = F2PYn = p)'”

), n = number of reflections, p =

IR = X(|F| — |F)/EIF]. — IR, = |
parameters used, w calc of (3): w = 1/[0

X-ray crystal structure section should be addressed to one of the
authors (Dr. Gerd Rheinwald).

Crystals of 3 with X-ray quality were obtained by evaporation of
an acetone solution. The selected crystal was a colourless rectangu-
lar rod with dimensions of 1.2 X 0.3 X 0.1 mm? and data collection
proceeded at 173 K.

X-ray quality colourless triangular plates of 4a were grown by dif-
fusion of hexane into a nitromethane solution at 293 K. A crystal
of dimensions 0.45 X 0.25 X 0.2 mm? was selected and data collec-
tion proceeded at 173 K.

Colourless triclinic crystals of 4d suitable for an X-ray study were
also grown by diffusion of hexane into a nitromethane solution at
293 K. A crystal of dimensions 0.4 X 0.4 X 0.08 mm? was selected
and data collection proceeded at 173 K.

All crystals were prepared and handled under perfluoropolyalkyl
ether (ABCR GmbH & Co KG, viscosity 1600 cSt.).

Crystallographic data (excluding structure factors) for the struc-
tures reported in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
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(F, g) + (0.0966P)2 + 0.0000P], Jwcale) of (4a): w = 1/[o*(F,?) + (0.0592P)? + 2.8419P], w(calc)
of (dd): w = 1/[c*(F,?) + (0.0484P)> + 0.0000P], where P = (F,> + 2F

213

nos. CCDC-137726 (3), -137727 (4a) and -137728 (4d). Copies of
the data can be obtained free of change on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK [Fax: (internat.) + 44-
1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].
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