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The nature of the Reformatsky reagents derived from the ethyl and tert-butyl esters of bromoacetic
acid has been studied by association measurements and NMR spectroscopy in various solvents. It appears
that the reagents are dimeric in all but the most polar solvents. A dimeric structure containing both Zn-O
and Zn-C single bonds is present in the crystalline state of (BrZnCH,COO-t-Bu-THF),, the final X-ray
analysis of which is reported. Crystals are monoclinic of space group P2;/n with two dimers in a cell of
dimensions ¢ = 10.322 {3) A, b = 12.358 (3) A, ¢ = 11.655 (2) A, and 8 = 112.65 (2)°. The structure was
refined to R = 0.055 on 881 observed reflections with I > 2.5¢(J). It is concluded that the dimeric structure
found in the crystal persists in solution. In the very polar solvent Me,SO, the reagents are monomeric
C-metalated species. The consequences of these findings for the mechanism of the Reformatsky reaction

in the commonly used solvents are discussed.

Introduction

The classic reaction between an a-bromo ester, zinc
metal and a ketone, first described almost a century ago
by Reformatsky,! is still one of the best methods for pre-
paring 8-hydroxy acids via their esters.

(1) >C=0
BrCH,COOR + Zn — “BrZnCH,COOR™ —
2

>C(OH)CH,COOR — >C(OH)CH,COOH

The course of the Reformatsky reaction and, in particular,
its stereochemistry have been studied extensively,? but no
clear picture has emerged as yet. One of the main reasons
for this is the lack of knowledge about the nature and
properties of the actual Reformatsky reagent (I). The
Reformatsky reagent reacts as though it is an organozinc
compound of the type “BrZnCH,COOR” that adds to a
carbonyl or similar group in the same way as a Grignard
reagent. However, there is ample evidence that the reagent
also has properties that are in accordance with an enolate
type, i.e., an O-metalated structure (Ia). Thus, Vaughan

0ZnBr
“SNoR
Ia

HoC==C

et al.’ concluded from the absence of a carbonyl group
absorption in the region of 1700 cm™ that the reagent
occurs exclusively in the O-metalated form. They also
pointed out that the Grignard reagent Ph,CHCH=C-
(OR)OMgBr, which certainly is an enolate, shows a chem-
ical behavior completely analogous to that of its zinc
analogue. On the other hand, NMR studies of Gaudemar
and Martint and Orsini et al.? showed a complete absence
of vinylic resonances in the 'H NMR spectra, which was

(1) Reformatsky, S. N. Ber. Dtsch. Chem. Ges. 1887, 20, 1210.

(2) Cf. (a) Gaudemar, M. Organomet. Rev. A 1972, 8, 183. (b) Rathke,
M. W. Org. React. 1974, 22, 423 and the literature cited in these reviews.

(3) Vaughan, W. R.; Bernstein. S. C.; Lorber, M. E. J. Org. Chem.
1965, 30, 1790. Vaughan, W. R.; Knoes, H. P. Ibid. 1970, 35, 2394.

(4) Gaudemar, M.; Martin, M. C.R. Hebd. Seances Acad. Sci., Ser. C.
1968, 1053.

(5) Orsini, F.; Pelizzoni, F.; Rica, G. Tetrahedron Lett. 1982, 23, 3945.
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interpreted in terms of a C-metalated structure.

A complicating factor in the studies of the nature of the
reagent in solution is the dependence of its spectroscopic
properties on the polarity of the solvent. The changes in
both IR and NMR spectra with solvent polarity have been
interpreted in terms of equilibria between C-metalated (Ib)
and O-metalated (Ia) species. In very polar solvents such

0ZnBr

BrZnCH2CO0R === HaC==C
"SR

b
Ia

as DMF and Me,SO these equilibria were thought to shift
to the left and it has been suggested that in the actual
reaction, coordination of the substrate to the zinc occurs
and that, as a consequence, the reagent would acquire the
structure it has in polar solvents, i.e., the C-metalated form.
As part of our studies on the coordination chemistry of
functionally substituted organozinc compounds,® we have
investigated the nature of the Reformatsky reagent both
in the solid state and in solution. Part of this work has
been published as a preliminary communication.’

Experimental Section

All manipulations were carried out in an oxygen- and mois-
ture-free nitrogen atmosphere. All solvents used were distilled
from sodium/benzophenone immediately before use. The ‘H
NMR spectra were recorded on Varian EM-360 and Varian EM-
390 spectrometers with Me,Si as an internal standard. Ebul-
liometry was performed in a Gallenkamp ebulliometer that was
adapted for working in a nitrogen atmosphere. Cryometric
measurements were carried out in a cryoscopic cell, which was
based on a design by Dilts and Shriver® but used a Peltier element
as a cooling device.® Coarsely powdered zinc (Merck; 0.3-1.5 mm)

(6) (a) Hofstee, H. K.; Boersma, J.; van der Meulen, J. D.; van der
Kerk, G. J. M. J. Organomet. Chem. 1978, 153, 245. (b) de Koning, A.
J.; van Rijn, P. E.; Boersma, J.; van de Kerk, G. J. M. Ibid. 1978, 153. C37.
(c) de Koning, A. J.; van Rijn, P. E.; Boersma, J.; van der Kerk, G. J. M.
Ibid. 1979, 174, 129. (d) Budzelaar, P. H. M.; Alberts-Jansen, H. J.;
Mollema, K.; Boersma, J.; van der Kerk, G. J. M,; Spek, A. L.; Duisen-
berg, A. J. M. Ibid. 1983, 243, 137.

(7) Dekker, J.; Boersma, J.; van der Kerk, G. J. M. J. Chem. Soc.,
Chem. Commun. 1983, 553.

(8) Dilts, J. A.; Shriver, D. F. J. Am. Chem. Soc. 1968, 90, 5769.
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Table I. Crystal Data and Details of the
Structure Determination

a. Crystal Data
C,oH,,0,BrZn
332.54 (monomer)

monoclinic-b
No. 14, P2,/n

formula

mol wt
cryst system
space group

a, A 10.322 (3)

b, A 12.358 (3)

¢ A 11.655 (2)

B, deg 112.65 (2)

V, A3 1372.0 (6)

Z 4 (monomers)
Dcalcda g/cm3 1.61

F(000) 672

u(Mo Ka), em™! 45.50

cryst size, mm 0.3 x 0.43 X 0.53
cryst volume, mm? 0.0623
no. of grid points 898
for abs corr
min and max transmissn 0.193, 0.303

b. Data Collection

6 min; 9 max, deg 0.1, 20
radiatn Mo Ka (Zr filtered),
0.71069 A

w/26 scan, deg 0.6 + 0.35tang
horizontal and vertical 2,6
aperture, mm

ref reflctns 230, 025
total data 1369
total unique 1165
obsd data (I > 2.50(I)) 881
total X-ray exposure 1.6
time, h
c. Refinement
no. of refined parameters 147

w! =(c*F) +
0.012F?%)/1.12

final Rp = =1F, — IF /£ F, 0.055

final Rywr = [Zw(F, — IF;1)?/ 0.056
sz01]1/2

rms deviation of refl on 2.57
unit wt

weighing scheme

was etched with 4 N HC], washed with water, acetone, and ether,
respectively, and dried prior to use. Ethyl bromoacetate (Merck)
was distilled before use. tert-Butyl bromoacetate was prepared
from bromoacetic acid and isobutene as described by Mokosza.!

Preparation of the Reagents. To freshly etched zinc, an
equimolar amount of ester in methylal (dimethoxymethane), or
THF was added dropwise at such a rate that the solvent just gently
refluxed. After the addition was completed, the reaction mixture
was heated for another hour and centrifuged, and the reagent was
isolated from the supernatant solution. For the ethyl reagent this
was done by evaporation of the solvent (yield 75%). Anal. Calcd
for C;H,BrO,Zn: C, 20.7; H, 3.0; Br, 34.4; Zn, 28.1. Found: C,
20.7; H, 3.3; Br, 34.4; and Zn, 27.6. The tert-butyl reagent was
isolated by concentrating the supernatant liquid, after which the
reagent crystallized. The first batch of crystals (yield 30%) was
used for X-ray analysis, NMR, and molecular weight measure-
ments.

Data Collection and Structure Determination of
(BrZnCH,COO-¢t-Bu-THF),. A colorless block-shaped crystal,
obtained by crystallization from THF, was sealed under nitrogen
in a Lindemann capillary and transferred to an Enraf-Nonius
CADA4F diffractometer. Unit cell dimensions and standard de-
viations were determined in the usual way from the setting angles
of 12 cerefully centered reflections.!! The space group was
determined as P2,/n, and the data belonging to one quadrant (+h,

(9) Boersma, J., to be submitted for publication.

(10) Mokosza, M. Rocz. Chem. 1969, 43, 79; Chem. Abstr. 1969, 70,
114776.

(11) van Santvoort, F. A. J. J.; Krabbendam, H.; Spek, A. L.; Boersma,
d. Inorg. Chem. 1978, 17, 338.
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Table II. Molecular Weight Determination
of “BrZnCH,CO,R”
R=Et R =¢Bu

mol wt degree of mol wt degree of
solvent method? (found) associath (found) associatn

THF E 490 2.1 640 1.9
pyridine E 470 2.0 650 2.0
dioxan C 475 2.0 680 2.0
Me,SO C 240 1.0 355 1.1

¢ E = ebulliometric; C = cryoscopic.

+k, £!) were collected in the w/26 scan mode, using Zr-filtered
Mo Ka radiation. In a previous study of this compound, we had
found that the crystals disintegrate rapidly and nonlinearly on
X-ray exposure, as monitored by three reference reflections (35%
during 90 h); therefore the preliminary report’ was based on a
partial data set. The structure determination reported here is
based on a more rapidly collected, complete data set (§ = 20°,
since reflections beyond this value tend to be very weak). The
data were corrected for Lorentz and polarization effects and
absorption in the previously described way.!! No correction for
decay was found necessary in this case since the two sets of
reference reflections agreed within 1%. Details of the data
collection and structure determination are summarized in Table
L

The structure was solved by standard Patterson and Fourier
methods and refined by full-matrix least-squares methods. Hy-
drogen atoms were introduced on calculated positions and refined
in the riding mode on their carrier atoms. All non-hydrogen atoms
were assigned anisotropic thermal parameters. The THF hy-
drogen atoms were assigned a thermal parameter of 0.1 A% the
CH, and ¢-Bu groups were each assigned one variable isotropic
hydrogen thermal parameter. The refinement converged at Ry
= 0.055 (Ryr = 0.056) for 147 parameters and 881 observed re-
flections with I > 2.5 ¢(I). In the final structure, the THF ring
appears to be nearly planar. We believe that this is an artifact
caused by disorder of the THF ligands in the crystal. The THF
molecule preferentially adopts a twisted conformation with a
twofold axis through the oxygen atom.? A superposition of two
such conformations, related by a mirror plane through the ring,
would produce the image we find here. In accord with this ex-
planation, the thermal parameters of the THF carbon atoms have
an abnormally large amplitude perpendicular to the ring plane.
In view of the limited resolution of the data set, we did not attempt
to refine any disorder models; in any case, the precise conformation
of the THF ligand was not considered to be very relevant. Neutral
atom scattering factors were taken from ref!® and corrected for
anomalous dispersion.’* All calculations were carried out on the
Cyber 175 of the University of Utrecht Computer Centre. Pro-
grams used include SHELX-76 (structure refinement'®), pLATO
(geometry analysis'), and ORTEP (plotting program!?).

Results

A notable shortcoming in all studies of the Reformatsky
reagent reported so far is the absence of (molecular) as-
sociation measurements. It is to be expected that in all
but the most polar solvents, the reagent, no matter what
its structure really is, will be associated into dimers or
higher associates in order to reach coordination saturation
of the zinc. Therefore, we have employed molecular weight
measurements to determine the degree of association of
the Reformatsky reagents derived from both the ethyl and
the tert-butyl ester of bromoacetic acid. The measure-

(12) Luger, P.; Bushmann, J. Angew. Chem. 1983, 95, 423.

(13) Cromer, D. T.; Mann, J. B. Acta Crystallogr., Sect. A 1968, A24,
321.

(14) Cromer, D. T.; Liberman, D. J. Chem. Phys. 1970, 53, 1891.

(15) Sheldrick, G. M. “SHELX-76, a program for crystal structure
determination”; Cambridge, England, 1976.

(16) Spek, A. L. “The EUCLID-package” in “Computational
Crystallography”; Sayre, D., Ed.; Clarendon Press: Oxford, 1982; p 528.

(17) Johnson, C. K. “ORTEP”, report ONRL-3794, Oak Ridge Na-
tional Laboratory: Oak Ridge, TN, 1965.
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Table III. 'H Chemical Shifts of the Reformatsky Reagents in Ppm Relative to Internal Me,Si¢
BanCH,CO,CH,CH3 BanCdH,CO,C(CHg)3
a e

solvent? a b c d e
methylal 1.97 (2.00) 4.11 (4.14) 1.24 (1.22) c ¢
THF 2.10 414 1.27 2.00 (1.88) 1.47 (1.40)
DME 1.95(1.93) 4.19 (4.09) 1.27 (1.21) 1.82 1.47
dioxan 1.97 (1.89) 4.13 (4.07) 1.27 1.80 1.50
pyridine 1.94 4.05 1.05 2.13 (2.00) 1.43 (1.46)
HMPT 1.20 (1.21) 3.83 (3.80) 1.08 (1.10) 1.15 1.33
Me,SO 1.15 (1.17) 3.80(3.82) 1.03 (1.04) 1.10 (1.04) 1.33 (1.30)

@ Literature values are given in parentheses.
BrZnCH,CO,-t-Bu.
= dimethyl sulfoxide

Table IV. Fractional Atomic Coordinates for the
Non-Hydrogen Atoms and Equivalent Isotropic
Temperature Factors

atom X/a Y/b Z/c Uleq),®
A2
Br(1) 0.0857 (2) 0.0609 (1) 0.2464 (2) 0.07
Zn(l) 0.0747 (2) 0.1141 (1) 0.4357(2) 0.05
0O(11) 0.114(1) 0.2770 (9) 0.444 (1) 0.08
0(21) 0.129(1) -0.1356 (8) 0.5911(9) 0.05
0(24) 0.334 (1) -0.0825(7) 0.5865(9) 0.05
C(12) 0.195(3) 0.336 (2) 0.541 (2) 0.11
C(13) 0.209(3) 0.444 (2) 0.494 (3) 0.15
C(14) 0.111(3) 0.450(2) 0.369(2) 0.12
C(15) 0.058 (3) 0.344(2) 0.339(2) 0.16
C(22) 0.214(2) -0.056 (1) 0.595 (1) 0.05
C(23) 0.183(2) 0.055 (1) 0.603 (1) 0.06
C(25) 0.368(2) -0.190 (1) 0.552(2) 0.07
C(26) 0.255(1) -0.225 (1) 0.431 (2) 0.08
C(27) 0.392(2) -0.267 (1) 0.659(2) 0.09
C(28) 0.506 (2) -0.165(2) 0.536 (2) 0.10

——
e Ueq =1/, EijUija,- *aj *a,-aj.

ments were carried out in a series of solvents that are
normally used in the Reformatsky reaction. Although it
would have been interesting to include noncoordinating
solvents such as aliphatic and aromatic hydrocarbons, the
extremely poor solubility in these solvents precluded this.

The ethyl ester derivative could be isolated in solvent-
free form from dimethoxymethane, but the tert-butyl ester
derivative, which was prepared in THF, still contained one
THF molecule per zinc atom. This complicates the mo-
lecular weight measurements of the latter compound, since
upon dissolution, in particular in a more polar solvent, the
coordinated THF is liberated and adds to the number of
molecules present in solution. Therefore, a correction
becomes necessary. The results, corrected for the release
of THF, are presented in Table II. In no case was any
concentration dependence observed. It appears that the
normal mode of association of the reagent is dimeric. Only
in the very polar solvent Me,SO is a monomeric state
found. Remarkably, pyridine, which is normally able to
cleave organozinc associates, does not do so in this case.
These results also indicate that the nature of the ester

Values are taken from ref 4 for BrZnCH,CO,Et and from ref 5 for
b THF = tetrahydrofuran; DME = dimethoxyethane; HMPT = hexamethylphosphorous triamide; Me,SO
¢ Not determined because of poor solubility.

d Partially obscured by solvent peaks.

0(21A)

Figure 1. ORTEP drawing of a (BrZnCH,COO-¢t-Bu-THF), dimer
showing 40% probability ellipsoids. The hydrogen atoms of the
tert-butyl and the THF ligand have been omitted for clarity. The
symbol A denotes the symmetry operation (-x, —y, 1 — 2).

group in the reagent apparently has no influence on its
degree of association in solution.

Some NMR data of both Reformatsky reagents covered
in this paper have been recorded earlier.#5 To allow a
correlation between the degrees of association and the
NMR data, we have extended the NMR measurements to
the solvents used in the molecular weight determination.
The results are given in Table IIL

In view of the fact that in solution dimeric association
appeared to be the preferred state of the reagent, persisting
even in a polar solvent like pyridine, it seemed very likely
that this dimeric state also occurs in the solid state. The
report of Orsini et al.5 on the crystallinity of the reagent
derived from the tert-butyl ester of bromoacetic acid
prompted us to determine the crystal structure of this
reagent. The compound forms monoclinic crystals, with
two dimeric units in the unit cell. Figure 1 shows an ORTEP

Table V. Selected Bond Distances (A ) and Angles (deg)

(a) Bond Distances

1.51(3) C(22)-C(23A) 1.41 (2)
1.54 (3) 0(24)-C(25) 1.47 (2)
2.05 (1) C(25)-C(27) 1.51(3)
1.98 (2)

Br(1)-Zn(1) 2.346 (3) C(256)-C(26)

Zn(1)-0(21) 2.02 (1) C(25)-C(28)

0(21)-C(22) 1.31(2) Zn(1)~0(11)

0(24)-C(22) 1.32(2) Zn(1)-C(23)

(b) Bond Angles

Br(1)-Zn(1)-0(11) 103.6 (4) 0(11)~Zn(1)-C(23)
Br(1)-Zn(1)-0(21) 108.4 (3) 0(21)-Zn(1)-C(28)
Br(1)-Zn(1)-C(23) 127.6 (5) Zn(1)-0(21)-C(22)
0O(11)-Zn(1)-0(21) 93.2 (4) C(22)-0(24)-C(25)

106.9 (6) 0(21)-C(22)-C(284) 125 (1)
111.2 (6) 0(24)-C(22)-C(23A) - 119 (1)
123 (1) 0(21)-C(22)-0(24) 116 (1)
125 (1) Zn(1)-C(23)-C(22A) 110 (1)
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Figure 2. Comparison between bond angles in (BrZnCH,COO-
t-Bu-THF), (I) and Et,Zn,(NPhCOOMe)42C.H; (II).

drawing of a dimeric unit with the adopted numbering
scheme. A selection of bond distances and bond angles
is given in Table V.

The dimeric unit, with a crystallographically imposed
center of symmetry, consists of a nonplanar eight-mem-
bered (ZnCCO), ring. The two zinc atoms are surrounded
in a roughly tetrahedral fashion by a coordinated THF
molecule, a bromine atom, a carbon atom, and an oxygen
atom. The bond angles around the zinc are nearly equal
to those around Zn(2) in the ethylzinc derivative of N-
phenylmethylcarbamate!! (cf. Figure 2). The fact that the
length of the zinc-carbon bond (1.98 (2) A) is close to that
in ethylzinc iodide (1.95 (4) A),'® methylzinc methoxide
(average value 1.95 A),' and dimethylzinc (1.94 A)% in-
dicates that it is a normal zinc-carbon single bond. The
Zn-0(21) distance of 2.02 (1) A is comparable to the
nonbridging zinc—oxygen bonds in Ph,ZnjAcac, (average
value 2.005 A)%! and shorter than those in methylzinc
methoxide (shortest bond length 2.039 (15) A, average
value 2.087 A).1® This bond, therefore, must be regarded
as a normal single zinc-oxygen bond. The dative bond
between THF and zinc (2.05 A) is rather short but lies
within the range of other reported zinc-oxygen coordinate
bonds (2.12 A for acetone,? 2.11 A for THF,2 and 2.07 A
for DME?4),

Discussion

The crystal structure determination clearly shows, that,
at least in the solid state, the Reformatsky reagent cannot
realistically be described in terms of either C-metalated
or O-metalated species. Both the zinc-carbon and the
zinc-oxygen bonds in the dimer are normal single bonds.
Another structural feature of the tert-butyl derivative is
the preference of THF coordination over Zn-Br-Zn
bridging. The occurrence of the latter, which would cause
association to higher aggregates, might well be impeded
by the presence of the two relatively bulky tert-butyl
groups. The THF in this compound is quite strongly
bound, as indicated both by the rather short Zn-O coor-
dinate bond length and by the fact that the compound
cannot be freed from THF by evacuation at ambient
temperature.

The study of the Reformatsky reagent in solution is
somewhat complicated by the presence of Schlenk equi-

(18) Mosely, P. T.; Shearer, H. M. M. J. Chem. Soc., Dalton Trans.
1973, 64.

(19) Shearer, H. M. M,; Spencer, C. B. Acta Crystallogr., Sect. B. 1980,
B36, 2046.

(20) Rundle, R. E. In: “A Survey of Progress in Chemistry”; Scott, A.
I, Ed.; Academic Press;: New York, 1963.

(21) Spek, A. L. Cryst. Struct. Commun. 1973, 2, 535.

(22) Adam, V. C,; Gregory, U. A,; Kilbourn, B. T. J. Chem. Soc. D
1970, 1400.

(23) Crotty, D. E.; Corey, E. R.; Anderson, T. J.; Glick, M. D.; Oliver,
J. P. Inorg. Chem. 1977, 16, 920.

(24) Crotty, D. E.; Anderson, T. J.; Glick, M. D.; Oliver, J. P. Inorg.
Chem. 1977, 16, 2346.
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libria (eq 1 and 2). The occurrence of these equilibria is
2BrZnCH,COOR = ZnBr, + Zn(CH,COOR), (1)

(BrZnCH,COOR), = ZnBr, + 1/n[Zn(CH,COOR),],,
(2)

shown by the fact that, when pentane is added to a solution
of a Reformatsky reagent in pyridine or Me,SO, a pre-
cipitate is formed that was identified as the ZnBr, complex
of pyridine or Me,SO, respectively. A complex of ZnBr,
is also isolated when 2,2’-bipyridine is added to a Refor-
matsky reagent.?> We observed that the Reformatsky
reagent is a dimer in all but the most polar solvents. This
means that eq 2 applies in these solvents. For all values
of n, the apparent degree of association will be less than
2 if eq 2 is not completely to one side. The observed
dimeric state of the reagent thus indicates that this
equilibrium lies completely to the left. In the strongly
coordinating solvent Me,SO, a monomeric state of the
reagent was found. If in this solvent equilibrium 1 exists,
molecular weight determination cannot distinguish be-
tween the monomer and the disproportionated products,
since the number of particles in solution does not change.

The 'H NMR spectra of both reagents show great sim-
ilarity in the chemical shifts of the CH; group bound to
zinc. In all solvents in which the reagent was found to be
a dimer the CH, resonances are found between 1.8 and 2.1
ppm. In Me,SO, where the reagent is monomeric, a
high-field shift of about 0.8 ppm is observed. These facts
were interpreted earlier by Gaudemar and Martin* and
Orsini et al.? in terms of the presence of the C-metalated
form of the reagent in very polar solvents. Our results are
in agreement with this interpretation. The low-field
position of the CH, resonance in the dimer will be caused
by the presence of coordinate bonds between the carbonyl
groups and the zinc atoms. In solvents like Me,SO, this
coordination is broken and a solvated, monomeric, C-
metalated species is formed. Also the IR data reported
earlier by Gaudemar and Martin* are in accordance with
solvent-dependent association. In all solvents in which the
reagent is dimeric, the main carbonyl vibration is found
at a low wavenumber, due to weakening of the carbonyl
bond upon formation of the zinc—oxygen coordinate bond.
In strongly polar solvents the main carbonyl group vi-
bration is found just below 1700 cm™, which is the normal
value for ester carbonyl groups.

As was first stated clearly by Seebach et al.?® for the
reaction of lithium enolates, the aggregation state of an
organometallic reagent will have mechanistic implications
for its reaction with organic substrates. Therefore, in a
mechanistic discussion of the Reformatsky reaction, the
dimeric nature of the reagent in the solvents commonly
used in the reaction must be taken into consideration. A
model study shows that after the first step, which will be
displacement of a solvent molecule by the carbonyl group
of the substrate, the reagent—substrate complex may react
further in two ways: either in a four-center mechanism
or in a six-center mechanism. The latter mechanism is
clearly to be preferred for steric reasons.” This model can
also be used to visualize the consequences of modifications
in the reagent. Changes in the ester moiety should hardly
affect the reaction. This is indeed the case, as shown by
Newman and Evans.?’” Even large ester groups do not
inhibit the reaction, since both p-methylphenyl bromo-

(26) Poller, R. C.; Silver, D. J. Organomet. Chem. 1978, 157, 247.

(26) Seebach, D.; Amstutz, R.; Dunitz, J. D. Helv. Chim. Acta 1981,
64, 2622,

(27) Newman, M. S.; Evans, F. J. J. Am. Chem. Soc. 1955, 77, 946.
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acetate and p-chlorophenyl bromoacetate can be used. On
the other hand, substitution of the hydrogen atoms on the
a-carbon atom will increase steric hindrance. In a series
of experiments, Hussey and Newman?® showed that the
yield of 8-hydroxy esters dropped when the a-hydrogens
were replaced by methyl groups. They attributed this to
enolization of the ketone and subsequent reaction of the
reagent with the enol form of the ketone. Apparently, this
side reaction becomes more important with increased
branching of the a-carben.

All available evidence thus indicates that the Refor-
matsky reagent is a monomeric, C-metalated species (Ib)

(28) Hussey, A. S.; Newman, M. S, J. Am. Chem. Soc. 1948, 70, 3024.

in strongly polar solvents and a dimer with bridging
CH,C(OR)O groups in all other solvents.
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The new complexes (CO) W (u-PPh,),M(PPhs) (M = Pt, 1, Pd, 2, and Ni, 3) have been prepared by
reaction of Lio[W(CO),(PPhy),], generated in situ, with the corresponding MCly,(PPh;), complex. These
complexes have been spectroscopically characterized with the WPt complex 1 further defined by an X-ray
diffraction study. It crystallizes in the space group P2,/c witha = 11.672 (2) A, b'=18.726 (3) A, ¢ = 19.869
(3) A, B8 =96.08 (1)°, V = 4317 (1) A3, and Z = 4. The structure has been refined for the 4491 reflections
with (F,) > 3¢(F,) to R and R,, values of 0.0505 and 0.0495. The W and Pt atoms are bridged by two u-PPh,
ligands and joined by a metal-metal bond (2.764 (1) A). The W is further coordinated by four CO’s and
the Pt by a PPh; ligand. Similar structures are indicated for 2 and 3. Complexes 1 and 2 show no appreciable
reaction with H, nor CO under moderate pressures but do react with activated alkynes to quantitatively

yield (CO),W(u-PPhy);M(MeQ,CC=CR) (M = Pt,R = CO,Me, 4; M = Pt,R = H, 5; M = Pd, R = CO,Me,
6) in which the alkyne has replaced the PPh; ligand. Complex 4 crystallizes in the space group P2;/n with
a=11.438(4) A, b=11.095 (4) A, c = 17.764 (6) A, 8 = 95.55 (2)°, V = 3457 (2) A3, and Z = 4. The structure
refined for the 4098 reflections with (F,) > 2.5¢(F,) to R = 0.0431 and R,, = 0.0336. The structure is similar
to that of 1 with the alkyne coordinated to Pt such that the alkyne ligand lies nearly in the plane defined

by Pt and the two bridging phosphorus atoms. Details of the reaction of 1 with HBF, and HCI are also

reported.

Heterobimetallic complexes that combine metals with
different sets of chemical properties are inherently inter-
esting because they may lead to unusual substrate acti-
vation and perhaps unique catalytic chemistry.! Partic-
ularly interesting are complexes that link metals in groups
4-6 with those in group 8, especially the more active latter
metals that readily undergo oxidative-addition/reduc-
tive-elimination reactions and which are of catalytic rele-
vance. In other work,? we have described such phosphi-
do-bridged WOs, WRh, and WIr complexes, and herein
we report new derivatives which link W to Ni, Pd, and Pt,
prepared by the general reaction of eq 1. The chemistry
LizIW(CO)4 (PPhy)p 1 + MX(PPhg)p ——

Phs
2LIX + (COMW—MPPh; (1)
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of these complexes has been briefly explored, particularly
their reactions with alkynes. Also reported are the crystal
and molecular structures of complex 1 and its MeO,CC=
CCO,Me derivative, (CO)W(u-PPh,)Pt-
(MeQ,CC=CCO,Me).

Experimental Section .
W(CO),(PPhyH),,®3 ¢is-PtCly(PPhy),,* PACL,(PPhy),’ and
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