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Summary

The stabilities of simple and internally coordinated organozinc-transition metal
compounds towards disproportionation have been investigated by the microwave
titration technique. Simple alkyl- and aryl-derivatives disproportionate to such an
extent as to preclude isolation. Internal coordination was found to stabilize the
asymmetric compounds, and several derivatives containing the dimethylaminopropyl
group were isolated. The crystal structure of one of them, Me,N(CH,);-
ZnaW(Cp)(CO),, was determined by a single-crystal X-ray study. The crystals are
orthorhombic, space group P2,2,2,, with four molecular units in a cell with
parameters a 8.406(1), b 12.179(2) and ¢ 16.642(2) A. The structure was solved by
standard Patterson and Fourier techniques. The refinement, with anisotropic tem-
perature factors for the two heavy atoms, converged at R = 0.092 (R = 0.089) for
1536 observed reflections with I > 2.5¢(7). The molecule consists of a central
tungsten atom, surrounded in a tetragonal pyramidal fashion by a cyclopentadienyl
group in the apical position and three carbon monoxyde molecules and a zinc atom
occupying the basal positions. The zinc atom is three-coordinate, being surrounded
by the tungsten atom and the chelating dimethylaminopropyl group; there is,
however, a short intermolecular contact between zinc and a carbonyl oxygen atom at
2.61(3) A.

Introduction

Simple alkyl- and arylzinc-transition metal compounds tend to disproportionate
into the symmetrical parent compounds:

2RZnTm = R,Zn + ZnTm, (n
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This equilibrium does not usually lie sufficiently to the left to allow isolation of the
compounds RZnTm. This is the reason that attempts to prepare the asymmetric
compounds either by reaction of transitton metal hydrides with organozinc com-
pounds [1,2] or by synproportionation [2] have been unsuccessful. The position of
the equilibrium (eq. 1) has been studied by St.Denis et al. [2] for the case of
Tm = CpMo(CO);. They found an equilibrium constant of ~ 1 for R=C,H; in
THF solution; no evidence for the formation of the corresponding ethylzine com-
pound could be obtained.

Recently, we described the synthesis of cyclopentadienylzinc-transition metal
compounds [3], which are completely stable in respect of the above disproportiona-
tion reaction (eq. 1). This stabilizing effect was ascribed to the fact that the
cyclopentadienyl group is pentahapto bound to zinc, resulting in coordination-
saturation of the zinc atom. We have now carried out a more systematic study of the
influence of the organic group bound to zinc on equilibrium 1. using the
microwave-titration technique developed by Adema and Schrama [4]. This study
included all combinations of R =ethyl, phenyl or p-tolyl and Tm = Co(CO),.
CpFe(CO),, CpCr(CO),, CpMo(CO), and CpW(CO),. In all cases. formation of the
asymmetric compounds was far from complete. We found, however, that the use of
an organic group capable of internal coordination to the zinc atom promotes the
formation of the asymmetric species. The dimethylaminopropyl group is especially
effective in this respect, and several stable derivatives containing this group were
isolated. The structure of one of these, Me,N(CH,),ZnW(Cp)(CO),. was de-
termined by a single-crystal X-ray diffraction study.

Results

Microwave titrations and preparation of RZnTm compounds
The dissociation equilibrium (eq. 1) was studied by microwave titration in
benzene at room temperature. The formation constant

K = [RZnTm]’/[R,Zn][ZnTm,]

was determined by a non-linear least-squares fit of the theoretical titration curve to
the experimental data. This procedure was found to give reasonably accurate results
only when K is within the range of 1 to 10° Even when this is the case. the
difference in dipole moment between reactants and products must not be too small.
Most titrations involving simple alkyl- or aryl-groups failed to meet these conditions.
More useful data were obtained for the internally coordinated organozinc com-
pounds. The results of both sets of titrations are presented in Table 1. Attempted
titrations using Zn[Mn(CO);], were hampered by the Jow solubility of this com-
pound in the reaction medium. The results in Table 1 show that simple alkyl- and
arylzinc-transition metal compounds dissociate to such an extent that attempts to
isolate them will usually yield the least soluble component present in the reaction
mixture (normally the ZnTm, compound). However, internal coordination stabilizes
the RZnTm compounds. The dimethylaminopropyl group gives particularly stable
asymmetric compounds, several of which were isolated. The compounds
Me,N(CH,),ZnTm with Tm = Mn(CO),, Co(CO),, CpMo(CO), and CpW(CO),
were isolated and characterized by 'H and '"C NMR spectroscopy (Table 2). The
manganese and cobalt compounds are low-melting solids (m.p. ~20°C and ~
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TABLE |
FORMATION CONSTANTS FOR RZnTm COMPOUNDS AS DETERMINED BY MICROWAVE

RZnTm]*
TITRATION; log— 22T 4T ROOM TEMPERATURE IN BENZENE

[R,Zn)[ZnTm,]

R Tm

Co(CO), CpFe(CO),  CpCHCO);  CpMo(CO), CpW(CO),
C,H; 1.68(6) a 1.42) ‘ 0.4(3)
C6H5 ~2 b a a c a
p-CH,C,H, 1.7(7) a a ‘ a
(CH,),N(CH,);  >6 1.02) 3.20(7) 4.3(4) 2.85(9)
CH,O(CH,), 3.8(4) a 1.74(6) 1.47(5) 1.48(9)
(CoH,),P(CH,), ¢ a 1.39(7) 1.41(6) 1.20(8)
CH,S(CH,), 1.81(4) a 1.87(1) 1.41(4) 1.30(4)

“ Estimated log K <0, below the limit for this determination method. ® Accurate determination im-
possible due to small change in dipole moment during reaction. ¢ Low K value and small change in dipole
moment combine to make determination difficult. Estimated log K < 2. ¢ Reaction complicated by
displacement of CO from cobalt.

— 10°C, respectively), but the tungsten compound formed crystals suitable for X-ray
diffraction analysis (vide infra).

The internally coordinated RZnTm compounds in Table 1 are all alkylzinc
compounds. The stabilization by internal coordination is also effective in the
arylzinc series, as illustrated by the fact that titration of Zn[CpW(CO),], with
bis(2-dimethylaminomethylphenyl)zinc gave log K = 1.77(3), whereas no reaction
could be detected in the corresponding titrations with diphenylzinc or di-p-tolylzinc.
Isolation of the benzylamine derivatives was possible for Tm = CpMo(CO), and
CpW(CO);, although the compounds disproportionate to an appreciable extent in
solution. 'H and '*C NMR data for these compounds are given in Table 2.
Exchange of aryl- or Tm-groups is slow in solution, and separate absorptions due to
the symmetric compounds formed by disproportionation can be seen in the 'H
NMR spectra even at 60°C. This offers an alternative means of determining the log
K values; for the tungsten compound, a value of 1.8(2) was found, in agreement with
the microwave titration value. Probably the slowness of the disproportionation
reaction and the fact that the solubilities of the asymmetric compounds are not
much higher than those of their parent compounds combine to make isolation
possible.

Crystal structure of Me,N(CH,); ZnW(Cp)(CO),

Details of the data collection and structure refinement are summarized in Table 3.
Fractional atomic coordinates are given in Table 4; bond lengths are given in
Table 5 and selected bond angles and torsion angles in Table 6. The crystal structure
of the title compound consists of four discrete molecules in an orthorhombic unit
cell. A drawing of the molecule, together with the adopted numbering scheme, is
shown in Fig. 1. The molecule consists of a central tungsten atom, surrounded in an
approximately tetragonal pyramidal fashion by a cyclopentadienyl group in the

(Continued on p. 143)



140

ssuondiosqe %) Aq paimasqQ  aaneiua) JudWUIISSY ,

g5t 9L9 L6E1 » E9TI #1971 » 0°ST1 6971 8951 , uzty
9P 8Ly 7'8El »8'LLL »6'9T1 » L'STI 85t L'LSt 9'98 vgiz  [floomddluzy
$'Sy 8'L9 233! g LTH~ g LTL~ nLSTH 7'$pi 6'651 6°L8 vgez  (HODWddluzy
WD 0] 9D (9% 2] (©n {d0) () (NLMD (Wrjoo HWN Dy,
€61 67°€ YI-OL 6L L7AR'!
£ €€ vL6'9 s8L L8y [HoD)mddluzy
817 61°€ €L-6'9 68°L w6 (Hoxonddluzy

(GWH "H  (SH-(©OH {(9JH (wp)dy . .

w) ; N

WAN H, /c_N "O ,

o)
0'sy L'€9 ¥'97 Ty S6'1 0T 0T PE0 uzty
X44 Sy9 L'vT il L8 681T 61T S6'l 81 £5°0 69 [Yoo)mdoluzy
§yy vy 99T ¢l $'8% 67T 9 4 S6'l SLt $5°0 v6'y [Yodwdoluzy
vt o9 0T v'6 £0T ~ S0C $6'1 861 o ["oDjeoluzyd
(X24 £v9 €97 91t oze ~ c6'1 Sl 8571 £5°0 {(SoD)unluzy
GHWID (€D @0 (D (wyydy (w00 EWIH (€I (OH (DH (wy)dd

WAN D AWN H, AN
\\ CHD e

Wy e U7 m
oz

N

{SWLL [euaiul
03 aanepar wdd ut ¢ “auazueq W) SANNOIWOD TVIAW NOILLISNVIL-ONIZONVOUO AALVNIAYO0D ATTYNAUILNI 04 VIVA YNND ANV "H,

T914vL



TABLE 3

CRYSTAL DATA AND DETAILS OF THE STRUCTURE DETERMINATION
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Crystal data
Formula

Mol. Wt
Crystal system
Space group

NT® >

Dcalc (g Cm>3)

F(000)

£(Mo-K,) (cm™")

Approximate crystal dimensions (mm})

Data collection

amin’ omax (0)

Radiation

w, 20-scan (°)

Maximum time per reflection
Horizontal and vertical aperture (mm)
Reference reflections

Linear decay

Total data

Total unique

Observed data ({ > 2.5a0(1))

Refinement

Number of refined parameters
Weighting scheme

Final Ry = 2(F, —|F.|)/ ZF,

Final R ;= [Sw(F, —|F,)2/ SwF,2]'/?

C;H,,0;NZnW
484.50
Orthorhombic
no. 19, P2,2,2,
8.406(1) A
12.179(2) A
14.642(2) A
1498.9(4) A®

4

2.147

920

89.02
0.13x0.25x0.57

0.1, 27.5

Mo-K , (Zr-filtered)
0.6+0.35 tan §

1.5 min

3.0, 3.0

341, 341

19%

2019

1745

1536

88
w™ = 02(F)+0.018 F?
0.092
0.089

Fig. 1. Drawing of the Me,N(CH,), ZnW(Cp)(CO); molecule. Hydrogen atoms have been omitted for

clarity.
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TABLE 5
BOND DISTANCES (A) FOR Me,N(CH,);ZnW(Cp)CO),

W(1)-Zn(1) 2.685(3) W(1)-C(55) 2.33(4) N(44)-C(43) 1.53(5)
W(1)-C(1) 1.93 (3) Zn(H-C(41) 1.99(3) C(41)-C(42) 1.62(5)
W(1)-C(2) 1.93 (3) Zn(1)-N(44) 2.19(3) C(42)-C(43) 1.47(5)
W(1)-C(3) 1.99 (4) o(-C(1) 1.18(4) C(51)-C(52) 1.39(5)
W(1)=C(51) 2.35 (4) 0(2)-C(2) 1.17(4) C(53)-C(52) 1.38(5)
W(1)-C(52) 2.33 (3) 0(3)-C(3) 1.12(5) C(53)-C(54) 1.36(5)
W(1)-C(53) 2.36 (3) N(44)-C(45) 1.47(5) C(54)-C(55) 1.36(5)
W(1)-C(54) 2.35 (4) N(44)-C(46) 1.45(5) C(55)-C(51) 1.49(5)

apical position and three carbon monoxyde molecules and a zinc atom in the basal
positions. This unit is very similar to that found in CpMo(CO),ZnBr - 2THF [5] and
[CpMo(CO),],Zn [6] and analogous mercury and gallium compounds [7-9]. The
geometry of the chelating dimethylaminopropyl group bound to zinc is similar to
that of the methoxy-substituted ring in the palladium complex Me, NCH,CH(OMe)-
CH, Pd(CHNH,CH(Me)CH, [10]; the larger C~-M-N angle in the zinc compound
(93°; cf. 82° for the palladium complex) may be ascribed to the smaller radius and
lower coordination number of the zinc atom. The puckering of the chelate ring is of
the envelope type [11] with the apex at C(43).

The arrangement around a three-coordinate zinc would be expected to be planar.
There is, however, some deviation from this planarity: the sum of the angles around
zinc is 356(2)°. Closer inspection of the coordination sphere of the zinc atom shows
that there is an oxygen atom of a neighbouring molecule at a distance of 2.61(3) A,
which is much larger than expected for a Zn—O-coordination, but rather short for a
normal nearest neighbour contact in such a crowded molecule. St.Denis et al. [6]
obtained evidence that, if the solvent molecules were removed from
[CpMo(CO),ZnCl - Et,0], in vacuo, a coordination polymer was formed by coordi-

TABLE 6
SELECTED BOND ANGLES AND TORSION ANGLES (°)

Zn(1)-W(1)-C(1) 121.6(8) Zn(1)-C(41)-C(42) 100(2)
Zn(1)-W(1)-C(2) 67.6(8) C(41)-C(42)-C(43) 115(3)
Zn(1)-W(1)-C(3) 64(1) C(42)-C(43)-N(44) 112(3)
C(1)-W(1)-C(2) 84(1) C(43)-N(44)-C(45) 108(3)
C(1)-W(1)-C(3) 80(1) C(43)-N(44)-C(46) 115(3)
C(2)-W(1)-C(3) 108(1) Zn(1)-N(44)-C(45) 116(2)
W(1)-C(1)-O(1) 178(3) Zn(1)-N(44)-C(46) 112(2)
W(1)-C(2)-0(2) 177(3) C(45)-N(44)-C(46) 115(3)
W(1)-C(3)-0(3) 176(3) C(41)-Zn(1)-N(44) 93(1)
W(1)-Zn(1)-C(al) 141.9(9) Zn(1)-N(44)-C(43) 97(2)
W(1)-Zn(1)-N(44) 120.8(7)

Zn(1)-C(41)-C(42)-C(43) ~35(3) N(44)-Zn(1)-C(41)-C(42) 7(3)
C(41)-C(42)-C(43)-N(44) 57(3) W(1)-Zn(1)-N(44)-C(43) —143(3)
C(42)-C(43)-N(44)~-2Zn(1) —42(3) W(1)-Zn(1)-N(44)-C(45) —29(3)

C(43)-N(44)-Zn(1)-C(41) 18(3) W(1)-Zn(1)-N(44)-C(46) 106(3)
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nation of carbonyl oxygen atoms to zinc. Of course, the zinc in that compound is a
very good acceptor, having an electron-withdrawing group bound to it and further-
more the zinc atom is less crowded. Nevertheless. it seems quite possible that the

1208(7) N4
1z.1,9(91 \\93(1)

99.9(6)

O(1A)

Fig. 2. Bond angles around the zinc atom, showing the residual intermolecular Zn- - - O interaction. O(1A)
is generated from O(1) by the symmetry operation (— x,—1,/2+ »,3/2— z).

residual interaction found in our dimethylaminopropyl compound represents an
intermediate stage between the polymeric [CpMo(CO),ZnCl], and the completely
non-associated [CpMo(CO),],Zn [6]. Figure 2 shows the environment of the zinc
atom more clearly.

Discussion

The microwave titration results show no distinct correlations between the stability
of the RZnTm compounds containing simple alkyl- or aryl-groups, and the nature of
either R or Tm. Overall, i1t appears that derivatives of electron-withdrawing Tm
groups (e.g., Co(CO),) tend to give more stable asymmetric compounds. However, it
is clear that internal coordination promotes the formation of the asymmetric
compounds. This can be rationalized as follows.

When a solution of RZnTm - L is considered. in which L is either an external
ligand or a ligand that is part of the organic group R, four different situations can
arise, numbered 1-iv (Fig. 3). When a zinc atom is bound to one ligand L, its affinity
for a second ligand is lowered. This is a general coordination effect, which will
destabilize interactions i and iv with respect to ii and iit. If the ligand L is a part of
R, however, interactions iil and iv involve coordination of either one or two groups
of an R,Zn molecule to ZnTm,. which implies formation of a dinuclear species.
This is clearly unfavorable on entropy grounds, so that iii and iv will be destabilized.
Taken together, these two effects result in a net stabilization of interaction ii. i.e.
formation of the asymmetric compound RZnTm, for internally coordinating groups
R.

Of course, microwave titration alone cannot distinguish between interactions ii—iv
with certainty. The only indication that interaction ii actually applies is the fact that
the calculated titration curves agree very closely with the experimental ones;
interactions iii and iv, which involve formation of dimers, would have a different
dependence of the microwave absorption on the titrant concentration. However, the
crystal structure of Me,N(CH, );ZnW(Cp)(CO), proves that, in the solid state at
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acceptor for L species in solution
R L
7N M
(i) R,Zn ' Zn/ i+ ZnTm,
WONR
R
(i) RZnTm 2 . \ZnTm
e
R
{iii) R,Zn, ZnTm, i Zn L—ZnTm,
\L/‘ R’/
R----- L
(iv) ZnTm, 77 S ZnTm,
SReceeo

Fig. 3. Possible bonding interactions present in a solution of RZnTm-L, where L is either an external or
an internal ligand.

least, a monomeric, internally coordinated organozinc-transition metal compound is
actually present.

Experimental

General remarks. All experiments were carried out under dry, oxygen-free nitro-
gen. Solvents were carefully purified, dried and distilled under nitrogen. Solutions
were handled using syringes. NMR spectra were recorded on Varian EM-390 and
CFT-20 and Bruker WP-200 spectrometers.

Starting materials. Zn[Co(CO),],, Zn[Mn(CO),],, Zn[CpFe(CO),],,
Zn[CpCr(CO),],, Zn[CpMo(CO),;], and Zn[CpW(CO),], were prepared in the
usual way [3]. (CH;),Zn, (p-CH,CH,),Zn [12], [MeO(CH,);],Zn, {[Me,
N(CH,);],Zn and [MeS(CH, );],Zn [13] were prepared by published procedures.
(C,H;),Zn was purchased from Ventron GmbH and distilled in vacuo prior to use.
[(C¢Hs),P(CH,),],Zn was prepared by the Grignard route: a solution of ZnCl, in
diethyl ether was added to a solution of (C,Hs),P(CH,),MgCl in the same solvent
[14] until the Gilman test [15] was negative. The ether was removed in vacuo, and the
product was extracted with benzene and purified by repeated crystallization from
toluene. [o-Me,NCH,C,H,],Zn was prepared from the lithium compound: the
calculated amount of ZnCl, in diethyl ether was added to a solution of o-
Me,NCH,C¢H,Li in ether/hexane [16], the precipitated LiCl was removed by
centrifugation, the ether was removed in vacuo, and the product was crystallized
from benzene.
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Microwave titrations

In a typical experiment, a solution of 1 mmol of a ZnTm, compound in 60 ml
benzene was placed in the microwave titration apparatus described in ref. [5]. A
solution of 4 mmol of R,Zn, dissolved in 30 ml benzene, was then added in
increments of 0.25 ml from an autoburette. The transmission of the resonance cavity
was recorded after each addition on a printer. The microwave absorption was
calculated from the observed transmission, corrected for the dilution occurring
during the titration:

Acy = (K/Vo)[x/(TVEl) - 1]

The microwave absorption is linear in the concentrations of all species present in
solution. Assuming the equilibrium

R,Zn +ZnTm, = 2RZnTm
one can write
Ac=A[R,Zn] + B[ZnTm, | + C[RZnTm]| + D

Setting x = equivalents of R,Zn added, and u=[RZnTm]/([ZnTm,]+
1 /2[RZnTm]), one obtains

Ac(x)=ax+ Bu+vy a=A y=2D

u=(x+1)x7]{l—»/[l-—4x§b«‘+l)wz] } B=C-24-2B x=1-4K"'

The value of x for each point depends on the equivalence volume V. the quantities
actually varied in the least-squares curve-fitting procedure were a, 8. v, In K and V.

and the function to be minimized was

Zwi[Ac.l—Ac(xi)]z w,o BV

1

An iterative least-squares procedure was used, and derivatives were calculated
analytically. For titrations of alkyl- and arylzinc-compounds, the range of Ac values
in one titration was usually ~ 0.15, and the curve-fitting converged at an rms
(Ac; — Ac(x;)) of about 2x 107? for the functionally substituted compounds,
typical values were ~ 1 and 3 x 10~

Preparation of asymmetric compounds

Preparation of Me,N(CH,},ZnTm, Tm = Mn(CO);, Co(CO),, CpMo(CO), and
CpPW(CO),

To a solution or suspension of 6 mmol ZnTm, in 40 ml benzene was added 6
mmol of R,Zn in 10 ml benzene. The reaction rate depends on the solubility of the
ZnTm, component; formation of the asymmetric compound was normally complete
within 1 h (1 day for the manganese compound). The benzene was removed in
vacuo, and the compound was purified by crystallization.

Tm = Co(CO},. The residue was dissolved in 10 ml pentane and the solution was
cooled to —180°C. Upon slow warming to —60°C, crystallization started. The
resulting yellow crystals were washed once with 5 ml pentane at —80°C and dried in
vacuo: m.p. ~ —10°C.
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Tm = Mn(CO);. Crystallization from pentane (30°C/— 40°C). M.p. ~ 20°C.

Tm = CpW(CO),. Crystallization from cyclohexane (70°C/20°C).

Tm = CpMo(CO);. Crystallization from toluene; no well-formed crystals were
obtained.

Preparation of o-Me,NCH,C,H,ZnTm, Tm = CpMo(CO);, CpW(CO),

To a suspension of 6 mmol of ZnTm, in 40 ml benzene was added 7 mmol R,Zn
in 20 ml benzene. After stirring for 3 h at room temperature (Tm = CpMo(CO),) or
50°C (Tm = CpW(CO),) the solution was concentrated in vacuo. By the next day
almost colourless crystals had formed. These were washed twice with 5 ml pentane
and dried in vacuo. The '"H NMR spectra of solutions of both compounds in
benzene exhibit double signals, the less intense set of which is due to the symmetric

compounds formed by partial disproportionation. These signals do not coalesce even
at 60°C.

Data collection and structure determination for Me ,N(CH,),ZnW(Cp)(CO),

A pale yellow crystal suitable for data collection was sealed under nitrogen in a
Lindemann capillary and transferred to an ENRAF-NONIUS CAD4 diffractome-
ter. Unit cell dimensions and standard deviations were determined in the usual way
from the settings of 16 carefully centered reflections [17]. The crystal data and
details of the data collection are summarized in Table 3. A total of 2019 reflections
belonging to one octant of the reflection sphere were collected in the w/26§-scan
mode, using Zr-filtered Mo-K, radiation. The intensities of 2 reference reflections
were monitored every hour of X-ray exposure time. A linear decay amounting to ca.
19% was observed during the data collection. The data were corrected for Lorentz
and polarization effects and the observed linear decay in the previously described
way [17]. Because the crystal was not very well-formed, and sealed in a Lindemann
capillary, only an approximate absorption correction could be carried out. The
structure was solved by standard Patterson and Fourier techniques and subsequently
refined by blocked full-matrix least-squares techniques using the SHELX-76 package
[18]. Positional and thermal parameters for all non-hydrogen atoms were refined,
using anisotropic thermal parameters for the two heavy atoms. Hydrogen atoms
were placed at calculated positions. Weights were introduced in the final refinements
stages. The refinement converged at Rp=0.092 (R, = 0.089) for 1536 observed
reflections (I > 2.50(1)), 88 parameters and w™'=0%(F)+0.018 F? Neutral
scattering factors were taken from ref. 19 and corrected for anomalous dispersion
{20]. All calculations were carried out on the CYBER 175 of the University of
Utrecht Computer Center. Tables of structure factors can be obtained from the
authors.
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