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The 1:1 reaction of ZnR, with a-imino ketones [RIN=C(R>C(R?==0)] leads to quantitative formation
of dinuclear [RZn(R)(R)NC(R?)=C(R%0], (1) (for R = primary and secondary alkyls) and [RZn(R!)-
N=C(R2)C(R3,R)0]2 (2) (for R = aryl, methyl, and tertiary alkyl). An X-ray structure determination of

[EtZn(Et)(¢t-Bu)NC(H)=C(Me)O], (1a) has established the dinuclear structure that consists of a N,O-
chelate coordinated [Et(t-Bu)NC(H)=C(Me)O]~ monoanionic ligand and a central four-membered Zn,0,
ring formed by intermolecular Zn-O coordination. The Zn atoms are tetrahedrally surrounded by two
O atoms, one N atom, and one C atom. Crystals of la are triclinic, space group P1, with cell constants
a="75T1)A b=882(2)A, c=1114 (1) A, « = 102.6 (1)°, 8 = 91.8 (1)°, v = 114.4 (2)°,and Z = 1.
The structure was refined to a final R of 0.089 with 1051 reflections. Product formation in the ZnR,/a-imino
ketone system depends on the nature of the R group that migrates from Zn to the NCCO skeleton. Different
radical activity of R (for R = Et, i-Pr, t-Bu, and Bz) as generated in the 1:1 complex, with the ligand bonded
in the N,O-chelate coordination mode (see A in Scheme II), is the predominant factor for the discrimination
between imino N-addition (for R* = Et, i-Pr, and Bz; 20%) and carbonyl C-addition (R* = ¢-Bu and Bz;
80%). For R = Me and p-tolyl alternative routes involving a N-monodentate coordination mode and/or
heterolytic activation may also account for the exclusive formation of carbonyl C-addition products.
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Introduction

Reactions of organoaluminum, -copper, -lithium, -mag-
nesium, and -zinc compounds with substrates containing
a,B-unsaturated organic systems, X=C—C=Y, are of
great importance in organic synthesis.? Recently renewed
interest has been shown in the mechanistic aspects of these
reactions.?

The chemistry of a-diimines, RN=CHCH=NR (R-
DAB), has received much attention in our laboratory.* We
found that contrary to the undirected product formation
of R-DAB with Grignard and organolithium reagents, very
selective transfer of the organo groups from organozinc or
-aluminum compounds to the R-DAB diimine skeleton
occurred.® These studies led to the development of novel
synthetic routes for the synthesis of highly substituted
cis-1,2-diaminoethene and 1,2-diamino- and 1-imino-2-
aminoethane compounds.
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An interesting aspect of the R-DAB/ZnR, system is the
detailed mechanistic information that could be obtained
through the isolation and characterization of (dia- and
paramagnetic) organozinc intermediates from these reac-
tions. Pertinent to the subject of this paper are the results
summarized in Scheme I that show clearly the influence
of the nature of the R group in the organozinc reagent on
the product formation. The chelate coordination in A is
the main feature of the observed reaction pathway. In the
case of R = alkyl this chelate coordination triggers sub-
sequent inner-sphere electron transfer to intermediate B.
Depending on the nature of the radical R either reaction
of R* with the solvent (formation of the persistent radical
C) or further reduction of the ligand in the RZn(R-DAB)*
radical by reaction with R* occurs (formation of the carbon-
(F) and/or nitrogen- (E) alkylated products).t

We have extented these investigations to reactions of
organozinc and -aluminum reagents with molecules con-
taining the N=C—C==0 moiety since such substrates can
be attractive starting materials for the synthesis of complex
organic skeletons containing two different heteroatoms (N
and O) in the a-position. It has been shown that a-imino
ketones, in reactions with lithium aluminum hydride, be-
have as ambident electrophiles, the carbonyl and imino
groupings being respectively the hard and the soft sites

(6) (a) Jastrzebski, J. T. B. H.; van Koten, G.; Vrieze, K., to be sub-
mitted for publication. (b) Ashby, E. C.; Wieseman, T. L. J. Am. Chem.
Soc. 1978, 100, 189. (c) Rau, H.; Thiele, K. H. Z. Anorg. Allg. Chem. 1967,
335, 253. (d) Noltes, J. G.; Boersma, J. J. Organomet. Chem. 1967, 9, 1.
(e) Noltes, J. G.; Van den Hurk, J. W. G. J. Organomet. Chem. 1965, 3,
222,
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Scheme 1. Proposed Mechanism Explaining All Products Formed in the Reactions of ZnR, with R\-DAB*
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¢In addition equimolar amounts of alkane RH and alkene R(~H) were produced. The SET character of the reactions was demonstrated
by the presence of trace amounts of stable persistent organozinc radicals C, which are in equilibrium with their diamagnetic dimers D (X-ray

for R = Et and the imine side is pyridyl).*»528
of the reacting system.” These chromophores seem to
react as isolated entities. It is therefore interesting to
observe that the a-imino ketones are very reactive toward
dialkylzinc compounds, whereas the isolated imine (e.g.,
in Schiff bases) or carbonyl groupings (e.g., in ketones)
react only slowly or not at all.® The questions then arise:
in which conformation (planar trans, anti, or nonplanar
gauche) does the a-imino ketone react with organometallic
reagents and whether the nature of the initial complexation
influences the type of products formed.® With regard to
the question of the initial complexation, two extreme
situations have to be considered: i, the formation of a
complex similar to A in Scheme I with a chelate-bonded,
almost flat N=C—C==0 skeleton, or ii, the formation of
a complex with a monodentate O- or N-bonded a-imino
ketone with a nonplanar gauche conformation of the N=
C—C=0 skeleton. Recently, we isolated complexes of
a-imino ketones with the AIR;, ZnCl,, and PtCL(PRj)
moieties containing the a-imino ketone in either one of
these coordination modes.?32¢

In this work the above questions are explored with
special emphasis on the influence of the nature of the R
group in the ZnR, reagent on the reaction course. Rather
than studying the organic products obtained after hy-
drolysis of the reaction mixtures, we have isolated and
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cia-Ruano, J. L.; Henao, M. A.; Molina, D.; Peres-Ossorio, R.; Plumet, J.
Tetrahedron Lett. 1979, 33, 3123. (e) Alcaide, B.; Fernandez de la Pra-
dilla, R.; Lopez-Mardomingo, C.; Pérez-Ossorio, R.; Plumet, J. J. Org.
Chem. 1981, 46, 3234.

(8) (a) Coates, G. E.; Ridley, D. J. Chem. Soc. A 1966, 1064. (b)
Pattison, J.; Wade, K. J. Chem. Soc. A 1968, 57.

(9) (a) Alcaide, B.; Lopes-Mardomingo, C.; Perez-Ossorio, R.; Plumet,
d. J. Chem. Soc., Perkin Trans. 2 1983, 1649. (b) Fonseca, J.; Marti-
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Crystallogr. Cryst. Chem. 1982, B38, 3421.

characterized the final organozinc products. An X-ray
structure determination of the compound originating from
the reaction of ZnEt, with t-BuN=CHC(Me)=0 is re-
ported.!0

Experimental Section

General Data. All reactions were carried out under dry,
oxygen-free nitrogen. Solvents were carefully dried and distilled
before use.

The pure ZnR, compounds (R = p-tolyl, methyl, ethyl, n-butyl,
isobutyl, isopropyl, tert-butyl, and benzyl) were synthesized and
isolated according to published methods.!!

The a-imino ketones RIN=C(R?C(R?=0 with R! = ¢t-Bu or
EtMe,C, R? = H, and R® = Me as well as with R! = Me and R?
= R?® = Ph were prepared as described in the literature.!> The
other a-imino ketones used, i.e., L;, R! = t-Bu, R?2 = H, and R®
= Ph, and L,, R! = {-Pr, R? = H, and R® = Ph, were synthesized
starting from phenylglyoxal monohydrate and the corresponding
primary amine, following similar procedures.'?® Yield: L, 50%;
Ly, 30%. H NMR (CDCls, room temperature, Me,Si, 8): L;, 1.26
(s, 9 H), 7.60 (m, 5 H), 7.90 (s, 1 H); Ly, 1.24 (d, 6 H), 3.47 (sept,
1 H), 7.34 (s, 1 H), 7.63 (m, 5 H). *C NMR (CDCl,, room tem-
perature, Me,Si, 6): L,, 28.4 (q), 58.9 (s, t-Bu), 127.9 130.2 133.2,
134.4 (Ph), 153.5 (d, N=C), 191.4 (s, C==0). The latter compound
decomposes at room temperature, t;/; = 30 min.!?

Syntheses of the Complexes. The course of the reactions
leading to the organozinc compounds 1 and 2 appeared to be

(10) van Vliet, M. R. P.; Jastrzebski, J. T, B. H.; van Koten, G.; Vrieze,
K.; Spek, A. L. J. Organomet. Chem. 1983, 251, C17.
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253. (b) ZnEty: Alfa Products. (c¢) Zn-i-Pry: Rathke, M. W.; Yu, H. J.
Org. Chem. 1972, 37, 1732. (d) Zn-n-Bu,: Le Goff, E. J. Org. Chem. 1964,
29, 2048. (e) Zn-i-Bu,: Lardicci, L.; Lucarini, L. Ann. Chim. (Rome) 1964,
54,1233, (f) Zn-t-Bug; Lehmkuhl, H,; Olbrysch, O. Liebigs Ann. Chem.
1975, 1162. (g) Zn-p-tolyl;: Kocheskov, K. A. Izv. Akad. Nauk SSSR,
Ser. Khim. 1967, 3, 582. (h) ZnBz,: Weissig, V.; Beckhaus, R.; Banasiak,
U.; Thiele, K. H. Z. Anorg. Allg. Chem. 1980, 467, 61.

(12) (a) van der Poel, H.; van Koten, G. Synth. Comm. 1978, 8, 305.
(b) Wheatley, W. B.; Fitzgibbon, W. E.; Cheney, L. C. J. Org. Chem. 1953,
18, 1564. (c) McKay, W. R.; Proctor, G. R. J. Chem. Soc., Perkin Trans.
1 1981, 2435.
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independent of the solvents used; i.e., in either n-hexane, toluene,
or diethyl ether essentially the same products were obtained.
Correct elemental analytical and molecular weight data were
obtained for all isolated compounds.!?

Syntheses of [RZn(R)(R})NC(R?)=C(R?) 0], (1a-g). Ad-
dition of a solution of ZnR, (R = Et, n-Bu, i-Buy, or i-Pr) in hexane
(10 mL, 1 M) to a solution of an equimolar amount of the a-imino
ketone, likewise in hexane (100 mL) at -100 °C, resulted in the
almost quantitative formation of the organozinc complex 1
{checked by 'TH NMR). A transient red coloration of the solution
occurred during the addition of ZnR,. The solvent was evaporated
in vacuo at ambient temperature resulting in a white residue which
was crystallized from hexane at —80 °C (yield >80%).

Syntheses of [RZn(RHYN=C(R?)C(R3,R)0], (2a-e). Com-
pounds 2a,d. A diethyl ether solution (100 mL) of t-BuN==
CHC(Me)=0 (10 mmol) was added dropwise to a suspension of
an equimolar amount of ZnR, (R = p-tolyl, Me) in diethyl ether
(50 mL) at -100 °C. A transient red coloration of the reaction
mixture was observed, and eventually a pale yellow colored so-
lution was formed. The solvent was evaporated in vacuo at
ambient temperature. Washing of the residue with cold hexane
(3 X 20 mL) resulted in the formation of a white product that
was recrystallized from CH,Cl,/hexane, 1:5 (80% isolated yield).

Compounds 2b,e. A diethyl ether solution (50 mL) of ¢-
BuN=CHC(Me)=0 (10 mmol) was added dropwise to a sus-
pension of an equimolar amount of ZnR, (R = tert-butyl, benzyl)
in diethyl ether (100 mL) at -100 °C. The resulting solution was
intensively dark colored, which changed slowly to pale yellow at
20 °C. [The reaction was carried out as a titration: further
addition of ZnR, was stopped when the last drop of the a-imino
ketone (at —20 °C) did not cause a blue coloration.] The solvent
was evaporated in vacuo at ambient temperature. The resulting
residue was washed with cold hexane (3 X 20 mL) and then
recrystallized from CH,Cl,/hexane, 1:5 (55% isolated yield).

Hydrolysis of the Organozinc Complexes. A detailed de-
scription of the synthesis of the a-amino ketones and a-hydroxy
imines obtained from hydrolysis of 1 and 2 will be published in
a future paper.* These experiments were carried out as an
one-pot reaction; i.e., reaction of the a-imino ketones with ZnR,
was followed by hydrolysis of the resulting organozine compounds
1 and 2 with Hy;0. The a-amino ketones and a-hydroxy imines
were isolated in yields better than 90%.

Reaction of the o-Amino Ketones and o-Hydroxy Imines
with ZnR,. Reformation of the Organozinc Complexes la
and 2b and Formation of 2¢. The pure a-amino ketone Et(t-
Bu)NCH,C(Me)=0 or a-hydroxy imine ¢t-BuN=C(H)C(Me,t-
Bu)OH (10 mmol) was dissolved in 50 mL of benzene. A hexane
solution of equimolar amounts of either ZnEt, or Zn-¢t-Bu, was
added. The reaction solution was stirred for 3 h at 60 °C after
which time alkane evolution ceased. The solvent was evaporated
in vacuo, and the resulting products la and 2b respectively were
recrystallized from hexane (yield >70%).

New organozinc products, with substituents different from those
of the parent compounds, were also synthesized. For example,
the 1:1 molar reaction of ZnEt, and ¢t-BuN=C(H)C(Me,t-Bu)OH

in benzene at 60 °C afforded in 3 h dimeric [EtZn(¢t-Bu)-

N=C(H)C(Me,t-Bu)O], (2b) in 75% yield.

Physical Measurements. 'H NMR spectra were recorded
on a Bruker WM-250, Varian T-60, or Varian A-60 NMR spec-
trometer and *C NMR spectra on a Bruker WP-80 or Varian
CFT-20 NMR spectrometer. Off-resonance *C NMR spectra were
recorded for all the compounds to enable assignment. Cryoscopic
molecular weight determinations of various organozinc compounds
1 and 2 in benzene were carried out under dry, oxygen-free ni-
trogen in a homemade apparatus with an accuracy of £10%.
Elemental analyses were carried out by the Analytical Section
of the Institute for Applied Chemistry, TNO Zeist, The Neth-
erlands.’®* The 'H and 3C NMR spectroscopic data are sum-
marized in Tables IV and V.

X-ray Data Collection, Structure Determination, and
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Table I. Crystal Data and Numerical Details of the
Structure Determination of

[EtZn(Et)(¢-Bu)NC(H)=C(Me)O], (1a)

(a) Crystal Data

formula CyoH N20yZn,
mol wt 501.36
cryst system triclinic
space group P
a, A 7.57 (1)
b, A 8.82 (2)
¢, A 11.14 (1)
a, deg 102.6 (1)
8, deg 91.8 (1)
v, deg 114.4 (2)
V, A8 655 (2)
VA 1
D ieds € €72 1.271
F(000), electrons 268
u(Mo Ka), cm™ 19.0
(b) Data Collection
temp, K 295
radiatn, A 0.71069 (Zr filtered)
BOmins Ormax 0.1, 20
w, deg Aw =16+ 035tan 6
cryst to detector, mm 173
hor and vert apert, mm 2,6
max time/refl, s 90
refl refl 323
data set h, ~7—T; k, -8—8; [, -10—10
total reflctns 2442
total unique refl 1221
obsd data (I > «(I)) 1051
total X-ray exp time, h 71
decay 4%

(c) Refinement
Rp = Z|F, - |[FJl/ Z|F| 0.089
wRp = {Zw(F, ~ |F?/ ZwF A% 0.085
wl (e®(F) + 0.0001F?)/3.09

no. of refined parameters 146

no. of reflctns 1051

(A/ 0)max 04

min and max ~1.12 and 0.86
residual density, e A3

S 2.56

Refinement of [EtZn(Et)(¢t-Bu)NC(H)=C(Me)O], (la).

Crystals of [EtZn(Et)(¢t-Bu)NC(H)==C(Me)O], are colorless.
Several specimens were sampled into Lindemann glass capillaries
under nitrogen atmosphere. Subsequent examination with X-rays
showed that all crystals were of limited quality as indicated by
wide diffraction peaks and low resolution. The best crystal was
used for data collection with an Enraf-Nonius CAD4F diffrac-
tometer. Crystal data and other numerical details of the structure
determination are listed in Table . Unit cell dimensions were
calculated from the setting angles of 24 carefully centered re-
flections. A whole sphere of reflections up to 8 = 20° was collected
in the w scan mode by using Zr-filtered Mo Ko radiation. The
set of 2442 scanned reflections was averaged into a unique data
set (Ry, = 7.6%) and corrected for Lorentz, polarization, and decay
effects. The structure was solved by standard Patterson and
Fourier methods and refined on F by full-matrix least-squares
techniques. Hydrogen atoms were introduced on calculated
positions (C-H = 1.08 A) and refined either in the riding mode
on their carrier atoms or as rigid rotators (CHy groups) with one
overall isotropic temperature factor (U = 0.113 (7) A2%). Con-
vergence was reached at R = 0.089. Table II lists the final pos-
itional parameter values of the non-hydrogen atoms. Scattering
factors were those of Cromer and Mann, corrected for anomalous
dispersion.’® The structure determination and refinement were
carried out on an in-house ECLIPSE S/230 minicomputer with

(13) See supplementary material paragraph at the end of this paper.
(14) van Vliet, M. R. P.; Van Koten, G.; Klaver, W. J.; Modder, J. F.
Recl. Trav. Chim. Pays-Bas, in press.

(15) (a) Cromer, D. T.; Mann, J. B. Acta Crystallogr., Sect. A: Cryst.
Phys., Diffr., Theor. Gen. Crystallogr. 1968, A24, 321, (b) Cromer, D. T.;
Liberman, D. J. Chem. Phys. 1970, 53, 1891.
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Table I1. Positional Parameters for the Non-Hydrogen
Atoms and Their Estimated Standard Deviation for

[EtZn(Et)(t-Bu)NC(H)=C(Me)O], (1a)

atom x/a y/b z/c
Zn(1) -0.0099 (3) 0.0241 (3) -0.1320 (2)
o) -0.195 (2) -0.029 (2) -0.004 (1)
N(1) ~-0.217 (2) ~0.237 (2) -0.239 (1)
C(1) ~-0.519 (3) -0.222 (3) 0.027 (2)
C(2) -0.354 (2) -0.188 (2) -0.054 (2)
C(3) 0.361 (3) 0.287 (3) 0.157 (2)
C4) -0.303 (3) -0.226 (3) -0.355 (2)
C(5) ~0.386 (3) -0.090 (3) ~0.335 (2)
C(6) -0.125 (3) -0.357 (3) -0.266 (2)
C(M 0.055 (3) -0.275 (3) -0.330 (2)
C8) -0.061 (3) -0.386 (3) -0.145 (2)
C(9) -0.250 (3) -0.534 (2) -0.349 (2)
C(10) 0.100 (3) 0.230 (2) -0.201 (2)
C(11) 0.151 (3) 0.216 (3) -0.327 (2)

a locally adapted implementation of the SHELX-76 package.'6
All derived geometry calculations were done with the programs
of the EUCLID package on the CYBER-855 of the University
of Utrecht.'”

Results

The reactions of ZnR, with a-imino ketones follow a
distinct reaction course (see eq 1) in which product for-
mation is almost quantitative. For this reason isolation
and characterization of the pure organozinc products was
possible. The nature of the R groups bonded to zine, i.e.,
methyl, primary, secondary, or tertiary alkyl, aryl, or
benzyl, appeared to be the main factor involved in de-
termining the type of organozinc species formed.

In the case of primary (except methyl) and secondary
alkyl groups, transfer of the organo group from Zn to the
imino nitrogen atom of the a-imino ketone was observed
leading to the formation of a new organozinc species (1)
with a [R(R)NC(R?)=C(R? O]  bidentate coordinated
B-amino enolate monoanion. However, ZnMe, and di-
tert-alkyl- and diarylzinc compounds afforded with the
same a-imino ketone substrates organozinc compounds of
type 2 containing the [RIN=C(R?)C(R3,R)0]~ monoan-
ionic a-iminoalkanolate. These compounds, 2, originate
from a transfer of the organo group from Zn to the car-
bonyl carbon atom.

The organozinc compounds 1 and 2 were isolated in
yields greater than 90%. Both 1 and 2 are soluble in
hexane, dichloromethane, and aromatic solvents and are
extremely sensitive toward H,0 and O,. Elemental ana-
lytical data confirmed the stoichiometries shown for the

(16) Sheldrick, G. M. SHELX-76, Program for Crystal Structure De-
termination; University of Cambridge: Cambridge, England.

(17) Spek, A. L. In Computational Crystallography; Sayre, D., Ed.;
Clarendon Press: Oxford; 1982; p 528.
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for R=Et, l=t—Bu,R2=H and R3=Me (la)
1 2 3 i
R=Et, =EtMe2C,R =H and R =Me (1b)
1 2 3 il
R=Et,R =benzyl,R"=Me and R7=Me (l¢)
R=Et,R!=t-Bu,R°=H and R’=Ph (1a)
1 2 3 g
R=n-Bu,R =t-Bu,R“=H and R”=Me (1e)
R=i—Bu,Rl=t—Bu,R2=H and R3=Me (1f)
1 2 3 ~

5 R=i-Prop,R =t-Bu,R"=H and R =Me (}V) (1)
R=i—Prop,R1=t-Bu,R2=H and R3=Ph (lh)

R=Me,Rl=t—Bu,R2=H and R3=Me

for (2a)
1 2 3 >
R=t-Bu,R =t-Bu,R"=H and R™=Me (i{b)

1
R=p-tolyl,R =t—Bu,R2=H and R3=Me (gii/)
R=benzy1,Rl=t-Bu,R2=H and R]=Me {2e)
) ~

Table III. Relevant Geometrical Data for Zn,C,,HN,O,

(la)®
Bond Distances (&)
Zn(1)-Zn(1") 3.069 (3) 0(1)-C(2) 1.40 (2)
Zn(1)-0(1) 2.02 (1) C(1)-C(2) 1.54 (3)
Zn(1)-0(1") 2.12 (1) C(2)-C(3) 1.27 (3)
Zn(1)-N(1) 2.21 (2) C(4)-C(5) 1.55 (4)
Zn(1)-C(10) 1.99 (2) C(6)-C(7) 1.54 (3)
N(1)-C(3) 1.43 (2) C(6)-C(8) 1.53 (3)
N(1)-C4) 1.47 (3) C(6)-C(9) 1.51 (3)
N(1)-C(8) 1.47 (3) C(10)-C(11) 1.46 (3)

Bond Angles (deg)

0(1)-Zn(1)-0(1") 84.2 (5) Zn(1)-0(1)-C(2) 116 (1)
O(1)-Zn(1)-N(1) 82.8 (5) 0O(1)-C(2)-C(1) 112 (2)
0O(1)-Zn(1)-C(10)  130.5 (7) O(1)-C(2)-C(3) 123 (2)
O(1)-Zn(1)-N(@1) 114.3 (6) C(1)-C(2)-C(3) 125 (2)
O(l")-Zn(1)-C(10) 112.0 (7) N(1)-C(3)-C(2) 123 (2)
C(10)-Zn(1)-N(1) 1249 (7) N(1)-C(4)-C(5) 113 (2)
Zn(1)-N(1)-C(8) 102 (1) N(1)-C(6)-C(7) 108 (2)
Zn(1)-N(1)-C(4) 109 (1) N(1)-C(6)-C(8) 109 (2)
Zn(1)-N(1)-C(86) 113 (1) N(1)-C(6)-C(9) 117 (2)
C(3)-N(1)-C(4) 111 (1) C(7)-C(6)-C(8) 110 (2)
C(3)-N(1)-C(8) 112 (2) C(7)-C(6)-C(9) 107 (2)
C(4)-N(1)-C(s) 110 (2) C(8)-C(8)-C(9) 106 (2)
Zn(1)-0(1)-Zn(1y  95.8 (5) Zn(1)-C(10)-C(11) 122 (2)
In(1)-0(1)-C(2) 109 (1)
Torsion Angles (deg)
0O(1)-C(2)-C(3)-N(1) -7 (3) C(5)-C(4)-N(1)-C(6) -174 (2)
C4)-N(1)-C(6)-C(8) -172(2) C(3)-N(1)-C(6)-C(8) -49 (2)

Least-Squares Plane® and Deviations (&)
-5.62 (4)x + 6.91 (4)y - 5.72 (7)z - 0.957 (8) = 0
0.02 (1)

Zn(1)* C(3)* -0.01 (3)
O(1)* ~-0.04 (2) C(1) 0.27 (3)
N(1)* -0.01 (3) Zn(1’) -0.194 (1)
C(2)* 0.04 (3) 0() -1.88 (2)

¢Esd’s in the last digit are in parentheses. The prime indicates
the symmetry operation —x, -y, —~z. ®Least-squares plane equations
in terms of fractional coordinates. Atoms that determine the plane
are indicated with an asterisk.

products in eq 1.1* Cryoscopic molecular weight deter-
minations revealed that the organozinc compounds 1 and
2 are dimeric in benzene.’® Although association degrees
up to eight have been found for other organozinc com-
plexes, the presence of bulky organo groups at the coor-
dinating donor atoms may favor the formation of mo-
nomeric species even when this would imply three-coor-
dination at the zinc atom. The latter aspect is illustrated

by the structure of monomeric RZrn(R)(Rl)NC(H)=C-

(H)NRY, in which the alcoholate O atom present in 1 is
replaced by an amino NR group.®

Dinuclear N-Alkylated Product 1. Unambiguous
proof for a dimeric structure of the organozinc 8-amino
vinyl alcoholates 1 in the solid state comes from the X-ray
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Table IV. The 'H and *C NMR Data® of [RZn(R)(R!)NC(R?)=C(R*O], (1a-h)

R
compd to Zn to N R, R, R,
1H NMR

la Et, 0.53 m;? 1.60 t 1.08 t; 2.06/2.79 m® t-Bu, L.14 s H, 4.16 s Me, 1.93 s
1b Et, 055 m> 161t 1.10 t; 2.10/2.79 m® EtMe,C, 0.78 t; 0.98/1.16 5> 1.62 q H, 4.18 s Me, 1.94 5
le Et, 050m;?1.60t 1.08 t; 2.05/2.85 m® benzyl, 4.00 m;? 7.30 m Me, 1.50 s Me, 2.00 s
1d Et, 0.23 m;? 1.26 t 1.00 t; 2.08/2.79 mb t-Bu, 1.24 s H, 496 s Ph, 7.50 m
le n-Bu, 0.58 m; 1.23 t;  0.86 t; 1.50-1.80 m; t-Bu, 1.18 s H, 4295 Me, 1.95 s

1.50-1.80 m 219 m; 2.86 m
1f i-Bu, 0.5-2.3 m 0.5-2.3 m t-Bu, 1.19s H, 42158 Me, 1.90 s
ig i-Pr, 0.71 m; 0.90 110 d/d;? 3.45 m t-Bu, 1.22 H,430s Me, 1.90 s

d/d®
th  i-Pr, 0.68 m; 0.85 1.08 d/d;* 3.24 m t-Bu, 1.20 s H, 488 s Ph,7.45m

d/d*

13C NMR
N-C CO

la 18124 13.3; 45.0 26.5; 58.6 104.6 160.0 20.8
b 19124 13.3; 44.0 9.6; 21.7/23.0;> 31.5; 58.5 104.4 160.0 20.8
e -04; 12.0 13.3; 46.4 59.8; 128; 128.3; 131.3; 135.6 110.8 153.8 19.6; R?, 8.1
1d 22124 13.3; 45.5 26.6; 59.2 105.0 160.3 127.6; 130.6; 133.5; 139.7
le  10.7;21.0; 26.5; 30.5  14.3; 29.8; 32.1; 515 26.7; 58.7 105.5 1586 21.6
1f 26.4; 59.5 104.9 163.5 20.7
1g  5.4;1638 16.0/19.4; 51.3 26.1; 59.4 106.3 159.7 20.2

¢In CgDg. All values are in parts per million relative to external Me,Si: s = singlet, d = doublet, t = triplet, m = multiplet. Multiplicity
(for '3C NMR), obtained from off-resonance spectra, is in agreement with the proposed assignments. °Diastereotopic groups or (geminal)-

hydrogen atoms.

structure determination of compound la, [EtZn(Et)(¢-

Bu)NC(H)=C(Me)O],.

The crystal structure of 1a is triclinic. The unit cell
contains one discrete dimer, located on a crystallographic
inversion center. Figure 1 presents an overview of the
molecule along with the adopted numbering scheme. (An
ORTEP view has been deposited). Bond distances and an-
gles are given in Table III.

The molecule contains a central, four-membered Zn,0,
ring that links the two halves of the dimer around a center
of symmetry. Coordination of the amino nitrogen atom
to zine results in the formation of a five-membered ZnO-
CCN chelate ring and completes four-coordination at the
zinc atom. The C(2)—C(3) bond length of 1.27 (3) A is
as expected for a C==C double bond and establishes the
conversion of the neutral a-imino ketone ligand into a
monoanionic 8-aminovinyl alcoholate group.

The central Zn,O, ring is flat. Both five-membered
rings, one above the Zn,0, plane and the second under the
plane with an angle between the five- and four-membered
rings of 116 (1)°, are mutually parallel oriented. The
five-membered chelate ring is essentially planar as may
be seen from the maximum deviations of 0.04 (2) A of the
ring atoms from the corresponding least-squares plane
(Table III).

The Zn and O atoms are four- and three-coordinate,
respectively, but in terms of bonding geometry may for-
mally be considered to be sp3-hybridized. The Zn(1")-O-
(1)-C(2) angle of 116 (1)° is considerably larger than the
tetrahedral value, which no doubt results from the Zn-
(1)-0(1)-Zn(1’) angle of 95.8 (§)°. The Zn(1)-0O(1)-Zn(1")
and the O(1)-Zn(1)-0(1’) angles of 95.8 (5)° and 84.2 (5)°,
respectively, are in good agreement with the corresponding
angles of 95.9 (6)° and 83.8 (6)° found in tetrameric
[MeZnOMe],.'* The Zn—O bond lengths in the Zn,0, ring
of 2.02 (1) and 2.12 (1) A are not significantly different
from these bond lengths (2.00 and 2.09 A) found in the

(18) Shearer, H. M. M.; Spencer, C. B. Acta Crystallogr., Sect. B:
Struct. Crystallogr. Cryst. Chem. 1980, B36, 2046.

Figure 1. PLUTO drawing of [EtZn(Et)(t-Bu)NC(H)=C(Me)Ol,
(1a). The adopted numbering scheme is indicated.

Zn,0, rings of bis{phenyl(acetylacetonato)zinc(II)}bis-
(acetylacetonato)zinc(II).!® The Zn atoms in 1a have bond
angles of 84.2 (5)° due to ring strain so that the atomic
orbitals used in forming the bonds to O will have increased
p character and consequently the orbitals for bonding to
the ethyl C atom have greater s character than their formal
hybridization states suggest. The Zn—C distance of 1.99
(2) A is in good agreement with the 1.963 (5) A Zn—C bond
length found in EtoZn,N(Ph)CO,Me]..”® About the N(1)
atom only one angle, i.e., Zn(1)-N(1)-C(3) = 102(1)°, is
considerably smaller than the tetrahedral value, which
probably is connected with the ring strain in the five-
membered chelate ring. The Zn—-N dative bond length of
2.21 (2) A is significantly larger than the value of 2.07 (1)
A observed in bis{methyl(diphenylamino)zing} in which the
N atom is covalently bonded to and bridging between the

(19) Spek, A. L. Cryst. Struct. Commun. 1973, 3, 535.
(20) van Santvoort, F. A, J. J.; Krabbendam, H.; Spek, A. L.; Boersma,
J. Inorg. Chem. 1978, 17, 388.
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Table V. The 'H and 3C NMR Data of [RZn(t-Bu)N=CHC(Me,R)0], (2a-e)

R
compd to Zn to C t-Bu H Me
'H NMR
2a Me, 0.43 s 1.36 s 1.13s 7.53 s 1.36 s
2b t-Bu, 0.97 s 147 s 1.03 s 7.89s 1.17s
2¢ Et, 0.36 m;® 1.59 ¢ t-Bu, 1.04 s 112 7.81s 1.47s
2d p-tolyl, 2.10 s; 7.14 m 2.23s; 7.20 m 1.08s 7.63 s 1.39 s
2e benzyl, 1.90 m;* 7.3 m 2,61 m;? 7.60 m 1.16 s 7.85s 1.24 s
13C NMR
N=C CO
2a Me, -9.9 29.6 29.7; 57.1 175.0 74.5 29.6
2b t-Bu, 9.8; 21.0 25.2; 37.3 29.6; 57.7 178.2 75.7 28.1
2e benzyl, 23.5; 120.6, 126.8, 128.0, 131.1 49.5; 126.5, 128.2, 138.0, 151.1 29.9; 57.4 176.8 77.1 26.1

¢In C¢Dg. All values are in parts per million relative to external Me,Si: s = singlet, t = triplet, m = multiplet. Multiplicity (for *C),
obtained from off-resonance spectra, is in agreement with the proposed assignments. ?Diastereotopic CH, protons. ‘R to C is ¢-Bu.

zinc atoms.?! This Zn-N bond is, however, similar to the
distance of 2.19 (1) A for the dative Zn-N bond found in

dimeric [HZnN(Me)CH,CH,NMe,],.%?

The 'H NMR spectra of the organozinc compounds
la-1h (see Table IV) are in agreement with structures
consisting of an alkylzinc entity to which a cis-[R{R})NC-
(R®)==C(R®O] monoanion is bidentate bonded. The im-
ino hydrogen resonances (R? = H; 1a, 1b, 1d-h) are shifted
from the low-field region of the a-imino ketones (ca. 7.5
ppm) to the region characteristic for vinylic hydrogen
atoms (ca. 4.5 ppm). The *C NMR spectra (Table IV)
show two different olefinic carbon atom resonances at ca.
105 (NC) and ca. 160 ppm (CO). The amino N atom in
these organozinc compounds (la-h), containing the
transferred alkyl group, is a stable chiral center since its
coordination to zinc prevents the occurrence of pyrimidal
inversion. The chirality of the tetrahedral amino N center
is reflected, for example, by the NMR resonance patterns
observed for 1b (see Table IV). The methyl groups in the

prochiral EtMe,C nitrogen substituent of [EtZn(Et)-

(EtMe,C)NC(H)=C(Me)O], (1b) are diasterectopic as
can be seen in both the complex 'H and *C NMR patterns.
Also the prochiral CH, and i-Pr groupings in compounds
la-h are diastereotopic (see Table IV).

The fact that for the compounds containing chiral amino
N centers only one pattern is observed indicates that the
dimeric species are actually present as the enantiomeric
pair of one diastereomer (i.e., either RR/SS or RS/SR).
The X-ray structure of la (see Figure 1) showed that this
dinuclear compound is present in the solid as the RS/SR
enantiomeric pair. Also shown by Figure 1 is a possible
reason for this combination of configurations at both amino
N centers because it is only in this dimeric structure of the
enantiomers that the Et(Zn) and the Et(N) groups (instead
of the more bulky ¢-Bu group) are on the same side of the
chelate ring. In the alternative structure, having the op-
posite configuration at one of the amino N centers, the
Et(Zn) and the bulkier ¢-Bu(N) group would be on the
same side.

Dinuclear, Carbonyl C-Atom-Alkylated or -Ary-
lated Products 2. The NMR spectra of the zinc com-
pounds 2a-e showed the formation of carbonyl C-addition
products. The 'H NMR spectra (Table V, 2a—e) are in
agreement with structures consisting of an alkylzinc entity

(21) Bell, N. A.; Shearer, H. M. M.; Spencer, C. B. Acta Crystallogr.,
Sect C. Cryst. Struct. Commun. 1983, C39, 1182,

(22) Bell, N. A.; Moseley, P. T.; Shearer, H. M. M.; Spencer, C. B. Acta
Crystallogr., Sect. B: Struct. Crystallogr. Cryst. Chem. 1980, B36, 2950.

1
R\CE%E:"'
R—N b /7
\Zn<o>2n' .
’ \ _ZN-
. ,HC’._C\/N :
R R R?

Figure 2. Proposed structure of the dimeric carbonyl C-addition
products [RZn(R)N=C(R?C(R%R)0], (2).

R

that is chelate-bonded to an (E)-imine, [R!N=C(R?)C-
(R%R)0]", monoanion. Each of the organozinc compounds
contains a four-coordinate zinc atom, see Figure 2. In
compounds 2b—e the carbonyl C atoms are the chiral
centers that chirality is reflected, for example, by the 'H
NMR spectrum of 2¢ (Table V). The CH, hydrogen atoms
of the ethylzinc group are diastereotopic that result in
spectra with complex multiplet resonances patterns
(ABX.) for these protons. The *C NMR spectra of 2a,
2b, and 2e (see Table V) showed two resonances for the
carbon atoms of the NCCO skeleton: one resonance at ca.
177 ppm, which is a typical value for the 3C resonance of
an N-coordinated N=C grouping, and a second resonance
at ca. 75 ppm, which is in the expected region of the res-
onances of alkoxy carbon nuclei in a C(R3,R)O unit. Ac-
cording to the 'H NMR spectrum the reaction mixture of
t-BuN=CHC(Me)=0 with ZnBz, consisted of both the
N- and the carbonyl C-addition products in an 1:4 molar
ratio. Up to now we succeeded only in the isolation of the

pure carbonyl addition compound [BzZn(¢-Bu)-

N=CHC(Me,Bz)0); (2e) from this mixture by crystalli-
zation (Table V). Also in this compound the AB pattern
of the benzylic protons confirmed the presence of a chiral
C center in the addition product. In analogy with the
above-mentioned organozinc derivatives 1 the compounds
2 show only a single NMR resonance pattern. This
strongly suggests that similar to the selective formation
of the dinuclear structure of 1 dimeric 2 also exists in only
one enantiomeric pair of diastereomets.

Reformation of 1 and 2 from the a-Amino Ketones
and a-Hydroxy Imines. Further structural confirmation
for the presence of the N,O monoanionic bidentate ligands
in the organozinc compounds 1 and 2 comes from hy-
drolysis experiments. Hydrolysis of 1 and 2 afforded in
quantitative yields new a-amino ketones H1 and a-hydroxy
imines H2, respectively, according to eq 2.

The organic aspects of these reactions and the formation
of the new organic products by hydrolysis of the organozinc
intermediates will the subject of a future paper; see ref 14.
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In general, reactions between ZnR, and a ligand con-
taining an active hydrogen in a 1:1 molar ratio may result
in the formation of the metal-containing product and the
corresponding hydrocarbon. It is very interesting to find
that in this way also the organozinc compounds 1 and 2
can be reformed almost quantitatively. In particular the

reformation of the complexes 1, [Rin(R)(Rl)NC(H)-

=(C(Me)O0],, which have the Z configuration at the vinylic
group, is of importance. The formation of the a-amino
ketone by hydrolysis of the zinc complexes 1 (see eq 2) is
the result of a subsequent tautomerization of the initially
formed S-aminovinyl alcohol into the a-hydroxy imines.
The reverse reaction of the latter a-hydroxy imines with
ZnR, compounds is very clean and seems therefore a nice
method to generate a stable (Z)-8-aminovinyl alcoholate
entity.

The zinc complexes, obtained in this way (see eq 3), and
samples of authentic complexes obtained via eq 1 showed
identical spectra. The route of eq 3 could also be used for
the preparation of organozinc derivatives that otherwise
via the direct reaction could only be obtained as a mixture
of the C- and N-alkylated products. An example is the
clean formation of the pure C-alkylated product 2e via the
1:1 molar reaction of t--BuN=CHC(Me,Bz)OH with ZnBz,;
see eq 3b.

1

R R
1"N\c/”
RZn< I 1
c
- — 3
2R (R‘)Ncgzc(g3)=o voznr, 2B o ~g X (3a)
C.H
H1 ( 6 6.)
~ T=60C 1
t=3h T .
- R
2 ’in=c(rjcir? R you + 22np, Z2RE o ( Nseo o
v 3
H2 RZn | R 2
5 . o &~
0" Mg |
2 (3b)
Discussion

Formation of the Donor-Acceptor Complexes. In
the first stages of the reaction of ZnR, with a-imino ke-
tones the corresponding donor—acceptor (1:1 coordination)
complexes are formed. The nature of the binding, i.e.,
monodentate N- or O-coordination or N,O-chelate coor-
dination, could not be studied directly by NMR because
of low solubility of the complexes as well as of the extreme
reactivity toward further reaction.

In a separate study we showed that the a-imino ketone
ligands, which exist as free ligands in the nonplanar gauche
conformation,”® coordinate via the imine nitrogen atom
to the trans-PtCl,(PR;) moiety.?> More importantly, it
could also be established by an X-ray structure determi-

(23) van Vliet, M. R. P.; van Koten, G.; van Beek, J. A. M.; Vrieze, K.;
Muller, F.; Stam, C. H. Inorg. Chim. Acta 1986, 112, 77.
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nation that in [(AlMes)sfc,0-N,0-(MeN=C(Ph)C(Ph)=
0)}} the N=CC==0 skeleton of the a-imino ketone has the
nonplanar gauche conformation and is coordinated via
both the carbonyl O and the imine N atom in the bridging
coordination mode.?* The relevance of the aluminum
complex for the understanding of the complex formation
in the present ZnR,/RIN=C(R?)C(R?)==0 system is in-
dicated by its subsequent conversion at higher tempera-
tures into the carbonyl C-alkylated product (see eq 4).%°

(AMe), + RIN=CIRIICR®)=0 —————tm Me

c
7 a (1)
SAIO—N\ 1

' 4)

R
! 2
N R
xx .-
AT Me v /3
(1) Al o (2)
VRN
Me 07 e
+
AlMe

3

So far, stable organozinc complexes with a chelate-
bonded a-imino ketone could not be isolated. However,
the characteristic dependence of the color of the complexes
of the organo group R bound to Zn, i.e., orange for R =
Me to purple for R = ¢-Bu, had also been observed for the
ZnR,-2,2’-bipyridine and ZnR,(R-DAB) complexes (see
A in Scheme I) whose ligands likewise contain a 1,4-di-
hetero-conjugated = system.®®526 In the case of A the
¢,0’-N,N’-chelate bonding mode could be studied in detail
by 'H and *C NMR data at low temperature. The same
trend is found for the deepening of the color of both the
ZnR,/R'-DAB and the ZnR,/a-imino ketone complexes
with increasing Hammett ¢ value of the group R bound
to zinc.? This color change points to occurrence of charge
transfer within these complexes (see also A in Scheme II)
from the filled, zinc—carbon bonds into the LUMO of the
ligand. This LUMO has bonding character between the
central carbon atoms of the NCCX skeleton but is anti-
bonding in nature between carbon and the heteroatom
(C-0 and C-—N, respectively).

Complete one-electron transfer from the organozinc
entity to the chelate-bonded ligand then generates the
radical pair B during which process the coordination ge-
ometry of Zn changes from tetrahedral in A to trigonal
planar in B. As has béen pointed out by Kaim and by us,
in the tetrahedral situation the ¢-Zn-C bonds are well-
positioned for interaction with the n* orbital of the ac-
ceptor.?’ " In fact as the homolytic cleavage of one of the
0-Zn—C bonds turns on, the other Zn~C bond moves into

the plane of the ZnN=C—C==0 chelate that generates a
situation (before B) with the R* radical close to and above
the organozinc radical complex. It is clearly the chelate
bonding mode as well as the w-acceptor property of the
1,4-dihetero conjugate 7 system that lower the barrier to
this inner-sphere electron-transfer process and are the
driving forces for the homolytic Zn~C bond cleavage.
The further events, which determine the type of product
formed, then depend on the nature of the organo radical

(24) van Vliet, M. R. P,; van Koten, G.; Rotteveel, M. A.; Schrap, M.;
Vrieze, K.; Kojié-Prodig, B.; Spek, A. L.; Duisenberg, A. J. M. Organo-
metallics 1986, 5, 1389.

(25) van Vliet, M. R. P.; van Koten, G.; de Keijser, M. S.; Buysingh,
P.; Vrieze, K., accepted for publication in Organometallics.

(26) (a) Thiele, K. H,; Schroder, S. Z. Anorg. Allg. Chem. 1965, 337,
14. (b) Noltes, J. G.; van den Hurk, J. W. G. J. Organomet. Chem. 1965,
3, 222. (c) Coates, J. E.; Green, S. T. E. J. Chem. Soc. 1962, 334. (d)
Thiele, K. H.; Rau, H. Z. Anorg. Allg. Chem. 1967, 353, 127.

(27) (a) Louwen, J. N.; Stufkens, D. J.; Oskam, A. J. Chem. Soc.,
Dalton Trans. 1984, 2683. (b) Kaim, W. Acc. Chem. Res. 1985, 18, 160.
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Scheme II. Proposed Mechanism Explaining All Products Formed in the Reactions of ZnR, with o-Imino Ketones®
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¢ The mechanism includes, starting from the chelate coordination mode A, both homolytic B and heterolytic C activation. Starting from

monodentate N-coordination D, a direct addition is proposed.

and the distribution of the spin density on the various
atoms in the chelate ring of the organozinc radical. The
latter aspect could be studied for [RZn(R-DAB)]* (vide
infra)**%2% and [RZn(R1-Pyca)]* (R'-Pyca is R‘IN=CH-2-
py), but [RZn(«-imino ketone)]*® is clearly too reactive to
be studied in detail by ESR.

Product Formation. Whereas reactions of dialkylzinc
compounds with primary and secondary alkyl groups with
(N-tert-butylimino)propanone (t-BuN=CHC(Me)=0)
give rise to the formation of N-alkylated products 1, di-
p-tolyl-, dimethyl-, and di-tert-butylzinc afford exclusively
the carbonyl C atom addition products 2; see Scheme II.
Dibenzylzinc give rise to formation of a mixture of N- and
carbonyl C-addition products. If we focus our attention
on the product formation in the alkyl series, R = methyl,
ethyl, isopropyl, and tert-butyl, we observe two breaking
points: one between methyl and ethyl (C- vs. N-alkylation)
and a second between isopropyl and tert-buty! (N- vs.
C-alkylation). These two striking alterations indicate a
change in mechanism of the reaction.

On the basis of the fact that product formation for R
= Et, i-Pr, and ¢-Bu strongly resembles the product for-
mation in the ZnR,/R*-DAB system, we propose that for
these R groups a similar mechanism is operative in the
ZnR,/a-imino ketone system. Initial N,O-chelate com-
plexation (see complexes A in Scheme II) is followed by
SET leading to the formation of radical pair B. Subse-
quently, the organo radical is trapped at either the N
center (N-alkylation) or at the carbonyl C center (carbonyl
C-alkylation) (see Scheme II). It must be noted that the
ultimate site of addition may be preceded by attack under
kinetic control of a different site and that for steric reasons
alkyl shift occurs that then generates the thermodynam-
ically more stable product. This has also been found for

EtgAl(t-Bu)NC(H)=C(H)N(t-Bu,Et) which on heating

rearranges to Et,Al(¢-Bu)N=CH—CH({-Bu)NEt with
the ¢-Bu group bonded to the carbon atom.** Subsequent
alkyl shifts may also account for the fact that in the re-
actions of ZnR, with a-imino ketones products originating

(28) Jastrzebski, J. T. B. H.; Klerks, J. M.; van Koten, G.; Vrieze, K.
J. Organomet. Chem. 1981, 210, C49.

Scheme II1. Comparison of the Reactions of Zn-i-Pr, and
Zn-t-Bu, with t-BuN=CHC(Ph)=0 and
i-PrN=CHC(Ph)==0, Respectively, in Order To Investigate
the Influence of Sterical Interference on the Ultimate
Position of Addition
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from attack at the imine C center are not found that may
be surprising because in the case of the ZnR,/R!-DAB
system also imine C-alkylation is observed.

In order to investigate in more detail the influence of
steric interference on the product formation, we compared
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the Zn-t-Bu,/i-PrN=CHC(Ph)==0 and the Zn-i-Pry/t-
BuN=CHC(Ph)=0 systems. Reaction of Zn-i-Pr, with
t-BuN=CHC(Ph)=0 gave a N-alkylated product (com-
pound 1h, Table IV), indicating that the compound with
the i-Pr and t-Bu groups at the same N center is stable.
Interestingly, Zn-t-Bu, reacted with i-PrN=CHC(Ph)=0
to give a carbonyl C-alkylated product (see Scheme III).
If only the steric interference between the R! substituent
and the migrating R group would be responsible for the
difference between the reactivity pattern of Zn-i-Pr, and
Zn-t-Bu, with the a-imino ketones, the formation of the
same reaction products would be expected because the
steric interference of R and RY, i.e., t-Bu/i-Pr* and i-
Pr/t-Bu’, is equal. Furthermore, reaction of Zn-t-Bu, with
MeN=C(Ph)C(Ph)=0 also afforded a carbonyl C-alkyi-
ated product that supports the view that steric effects
alone cannot explain the nature of the products formed.

Product formation in the ZnR;/ o-imino ketone reactions
for R = Et, i-Pr, benzyl, and ¢-Bu, can be rationalized,
however, when the different alkyl radical activity and
nucleophilicity of the radicals are taken into account. An
order of radical reactivity can be defined by the strength
of the C-H bond in the radical center, i.e., aryl® > Me* >
i-Pr* > t-Bu* > Bz*.2%30  The reactivity pattern of the
intermediate radical pair B (see Scheme II) then reflects
the relative stability of the R* radical. The cage effect of
the solvent will cause R* and organozinc radical to undergo
several collisions before they diffuse into the bulk of the
solution. The more persistent C-centered radicals Bz* and
t-Bu® are relatively less reactive than the primary and
secondary alkyl radicals.®® Moreover, the nucleophilicity
of the alkyl radicals increases in the same order as their
reactivity decreases, making the radicals more sensitive
to polar influences in the ligand. This combination of
radical reactivity and sensitivity to polar influences directs
the attack of the ¢-Bu’ to the more electrophilic carbonyl
C center. For the slightly more reactive benzyl radical a
less extreme situation is met that is reflected by the for-
mation of a 20% yield of N-benzylated product. The most
reactive primary alkyl radicals (except Me) will be trapped
exclusively on the center with the highest spin density,
which in the alkylzinc a-imino ketone radical is most
probably the imino N center. In the case of the RZn-
(R-DAB) radical this could be established by ESR mea-
surements: the HOMO (SOMO) of this organozinc radical
has antibonding character between N and C but is bonding
between the central imine C atoms with a spin density
distribution of 30% and 25% on the nitrogen and central
C atoms, respectively.

A striking difference between the ZnR,/R!-DAB and the
ZnR,/a-imino ketone system is the fact that in the
ZnMe,/t-BuDAB reaction neither N- nor C-methylation
is observed. Instead, exclusive formation of the MeZn(¢-
BuDAB) radical is obtained. This is in line with the fact
that the Me radical, which is the most reactive one, is
captured by the solvent before it can be trapped by the
organozinc radical. A further difference of the two systems
is the fact that whereas the diarylzinc/R-DAB complexes
(see Scheme I) are stable, at least up to 140 °C, the di-
arylzine/a-imino ketone complexes undergo rapid and
exclusive carbonyl C-arylation.

These latter differences can be explained by assuming
that in addition to the single electron-transfer route dis-
cussed above, for the diaryl- and dimethylzinc reaction

(29) Ashby, A. C.; Goel, A. B. J. Am. Chem. Soc. 1981, 103 4983.

(30) (a) Ingold, K. U. Acc. Chem. Res. 1976, 9, 13. (b) Nonhebel, D.
C.; Tedder, J. M.; Walton, J. C. Radicals; Cambridge University Press:
New York, 1979.
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another kinetic route is more favorable. This may com-
prise either a different coordination of the ZnAr, and
ZnMe, to the a-imino ketone or occurrence of heterolytic
activation instead of SET within the chelate complex A
(see Scheme II).

A different coordination mode of the a-imino ketone in
the dimethyl- and diarylzinc/«-imino ketone complexes
from which subsequent product formation occurs seems
a likely possibility. In the 1:1 complex D the a-imino
ketone is not chelate bonded as in A but monodentate N
coordinated. It has been demonstrated that diorganozine
compounds are Lewis acids which prefer N- to O-coordi-
nation as a result of the relatively soft character of the zinc
center.3! Actually N-coordination is also the preferred site
of attack for other metal centers as we have observed in
trans-[PtCly(PEt;){o-N-(t-BuN=CHC(Me)=0)}].>* It
must be noted that the formation of the O-monodentate
coordination product, as a first step of a direct 1,2 addition
process, can be excluded because of the unreactivity of
ketones in such reactions.?

The two coordination modes D and A are very closely
related and most probably are in equilibrium with each
other.?? In D the a-imino ketone will have the nonplanar
gauche conformation as has been established for analogous
compounds.”®2%32  This nonplanar gauche conformation
is separated from the chelate bonding mode in A by only
a rotation of 90° around the central C—C bond in the ligand
and a concomitant change of the configuration at the Zn
center from trigonal to tetrahedral.?” Tt is the nature of
the R groups at zinc that, for a given a-imino ketone, will
have a large influence on which coordination prevales. In
species of type D direct attack of the organo group R on
the electrophilic carbonyl C center can occur.

The possibility that direct heterolytic activation within
the chelate complex A occurs cannot be excluded. Methyl-
and arylzinc compounds are known to give rise to relatively
slow SET reactions as compared with the other dialkyl-
metal compounds whereas they react fast in polar addition
reactions.®® In the case of heterolytic activation (transition
state C, Scheme II) we expect both methyl and p-tolyl
carbanions to react as nucleophilic species with attack at
the most electrophilic position in the NCCO skeleton, i.e.,
at the carbonyl C atom. Further studies are underway to
clarify these points.
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The formal addition of the Pt-H bond of the cationic complex [trans-Pt(H)(PEts);(acetone)]* across
the C-C triple bonds of alkynyl ligands affords cationic dinuclear complexes containing bridging alkenylidene
ligands. The synthesis and characterization of eight such complexes are reported. On the basis of structural
data for a member complex, these molecules are believed to possess Pt-Pt, Pt-Fe, Pt—-Au, Pt-W, Pt-Ni,
or Pt-Pd bonds. Diagnostic spectroscopic characterization data are provided. Furthermore, a similar addition
of a Pt-Me bond across an acetylide ligand also affords a dinuclear u-alkenylidene complex.

Introduction

Cluster complexes containing hydrocarbyl fragments as
bridging ligands remain of current interest to chemists
because of their potential to exhibit new chemistry and
their possible structural relationship to surface-bound
species. Transition-metal complexes containing u-alke-
nylidene ligands are one type of such compounds.! Recent
reports demonstrate interesting chemistry at u-alkenyli-
dene ligands, 2 and other studies have confirmed the ex-
istence of surface-bound alkenylidene species on Pt and
Pd.?

Bridging alkenylidene complexes have been prepared by
a variety of methods (though some of these have only
limited generality) such as alkyne isomerization,* halide
displacement from gem-dihaloalkenes,® deprotonation of

(1) Recent review: Bruce, M. L; Swincer, A. G. Adv. Organomet.
Chem. 1983, 22, 60-128.
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(c) Jacobsen, E. N.; Bergman, R. G. Organometallics 1984, 3, 329-331.
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Stone, F. G, A.; Woodward, P. J. Chem. Soc., Chem. Commun. 1981,
966-968.
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(b) DeMuth, J. E. Surf. Sei. 1979, 80, 367-387. (c) Kesmodel, L. L.; Gates,
J. A. J. Electron. Spectrosc. Relat. Phenom. 1983, 29, 307-312. (d)
Koestner, R. J.; Frost, J. C.; Stair, P. C.; Van Hove, M. A,; Somorjai, G.
A. Surf. Sci. 1982, 116, 85-103.

(4) (a) Nesmeyanov, A. N.; Aleksandrov, G. G.; Antonova, A. B.; An-
isinov, K. N.; Struchkov, Yu. T. J. Organomet. Chem. 1976, 110, C36—-C38.
(b) Antonova, A. B.; Kolobova, N. E.; Petrovsky, P. V.; Lokshin, B. V.;
Obzyuk, N. S. Ibid. 1977, 137, 55~67. (c) Kolobova, N. E.; Antonova, A.
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55-67. (d) Folting, K.; Huffman, J. C.; Lewis, L. N.; Caulton, K. G. Inorg.
Chem. 1979, 18, 3483-3486. (e) Boland-Lussier, B. E.; Churchill, M. R,;
Hughes, R. P.; Rheingold, A. L. Organometallics 1982, 1, 628-634, (f)
Al-Obaidi, Y. N.; Green, M.; White, N. D.; Taylor, G. E. J. Chem. Soc.,
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metallics 1984, 3, 329-331.
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a u-alkylidyne ligand,® metal coordination to a terminal
alkenylidene ligand,” oxygen extrusion from diphenyl-
ketene,? formal dehydrogenation of ethylene,® nucleophilic
addition to an unsaturated M-alkylidyne ligand® or a
w-n*-acetylide ligand,'® elimination of an alcohol from a
w-alkoxyalkylidene ligand!! or water from p-hydroxy-
alkylidene!? and us-hydroxyethylidyne'® ligands, thermal
degradation of a diruthenacyclopentenone complex,®!* and
the use of N-nitrosourethanes as a source of alkenylidene
fragments.’®> The majority of these u-alkenylidene com-
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