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The KH-mediated deprotonation of acetophenone and propiophenone in THF led to the
ion-pair and naked forms of the following crystalline enolates in good yield: ArC(CHz)O--K-
(18-crown-8) [Ar = Ph, 4; 2-MeOCgH,, 5; 1,3,5-Me3sCe¢Hy, 6], [PhC(CH,)O1[K(kryptofix-2,2,2)1,
7, and [PhC(=CHMe)O--K(18-crown-6)], 8. The reaction of ion-pair 4 with [Cr(CO)s(THF)]
led to the isolation of an alkylcarbonylmetalate, 9, [PhC(O)CH;Cr(C0),CO--K(18-crown-6)1,,
a crystalline polymer in which the [PhC(O)CH2Cr(CO);]- anion is bridged by [K(18-crown-6)1*
via the oxygen of the enolate and one of the carbonyl oxygens. The protonation of the Fischer
carbene [(CO)sCr=C(OMe)Me]l, 10, led to an alkylcarbonylmetalate analogue of 9. The X-ray
analysis of [CHy(OMe)CCr(C0O)4CO--K(18-crown-6)1, 11, revealed a decrease in the Cr—C(carbene)
bond distance, and electron transfer from the anionic carbene to the trans CO. The trans
Cr-C-O has an increased Cr—C bond length, a decreased C-O bond length, and a Cr—C-0 angle
of 1569.7(6)°. The reaction of 4 with [Cr(CO)¢] led to a Fischer-type metallacarbene, 12, from
attack of the enolate on carbon monoxide; 12 was deprotonated by starting material to a dianionic
metallacarbene enolate [(CO)sCr=C(0-)CH=C(0-)Ph], 13. The alkylation and silylation of
13 led to the corresponding alkylated and silylated forms of 13, [(CO);Cr=C(OMe)—CH=C-
(OMe)Ph], 16, and [(C0)sCr=C(0SiR;R")—CH=C(OSiR;R")Ph] [R = R’ = Me, 17; R = Me,
R’ = But, 18]. An analogous metallacarbene enolate and its silylated form have been obtained
for tungsten, [(CO);W=C(0)CH=C(O")Ph--{K(18-crown-6)},}, 19, and [(CO); W=C(0OSiMe3z)—
CH=C(0SiMez)Ph], 20. The reaction of the naked enolate 7 and [Cr(CO)s] led to a
metallacarbene enolate which, due to the absence of stabilization by ion-pair formation, is much
less stable than 13 or 19. Crystallographic details are as follows: 4 is monoclinic, space group
P2/n, a = 10.109(1) A, b = 9.041(1) A, ¢ = 24.935(2) A, 8 = 96.94(1)°, Z = 4, and R = 0.053;
7 is monoclinic, space group P2/n,a = 17.473(2) A, b = 10.615(1) A, c = 16.133(2) A, 8 =99.75(1)°,
Z = 4, and R = 0.040; 8 is monoclinic, space group P2,/c, a = 14.285(3) A, b = 16.714(2) A, ¢
= 10.381(4) A, 8 = 107.88(2)°, Z = 4, and R = 0.0 51; 9 is triclinic, space group P1, a = 10.649(1)
A, b =14122(1) A, ¢ = 10.635(1) A, « = 94.64(1)°, 8 = 98.04(1)°, v = 108.81(1)°, Z = 2, and
R = 0.031; 11 is triclinic, space group PI, ¢ = 14.029(1) A, b = 12.355(1) A, ¢ = 8.995(1) A, «
= 91.82(1)°, 8 = 91.17(1)°, v = 91.89(1)°, Z = 2, and R = 0.051.

Introduction

Many reactions involving the enolato functionality! are
driven by the metal ion to which it is bonded.2? In this
paper, we are mainly interested in the nature of naked or
weakly ion-pair bonded enolates*® and their reactivity
with metal carbonyls.

* To whom correspondence should be addressed.

® Abstract published in Advance ACS Abstracts, December 1, 1993.

(1) For general references in metal-assisted enolate chemistry see: (a)
Heathcock, C. H. In Comprehensive Organic Synthesis; Trost, B. M.,
Ed.; Pergamon: New York, 1991; Vol. 2, Chapters 1.6 and 1.6. (b) Evans,
D. A.; Nelson, J. V.; Taber, T. Top. Stereochem. 1982, 1. (c) Evans, D.
A.In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic: New York,
1984; Vol. 3; Chapter 1, p 1. (d) Heathcock, C. H. In Asymmetric
Synthesis; Morrison, J.D., Ed.; Academic: New York, 1984; Vol. 3, Chapter
2,p 111. (e) Heathcock, C. H. In Modern Synthetic Methods; Scheffold,
R., Ed; Helvetica Chimica Acta: Basle, CH, 1992; p 1. (f) Heathcock,
C. H. In Comprehensive Carbanions Chemistry, Studies in Organic
Chemistry 5; Buncel, E., Durst, T., Eds.; Elsevier: Lausanne, CH, 1984;
p177. (g) Heathcock, C. H. Aldrichim. Acta 1990, 23,99. (h) Masamune,
?9, sghgz', W.; Petersen, J. S.; Sita, L. R. Angew. Chem., Int. Ed. Engl.
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The use of highly nucleophilic naked enolates in
reactions with metal carbonyls led to the isolation of some

(2) Evans, D. A.; Rieger, D. L.; Bilodeau, M. T.; Urpi, F. J. Am. Chem.
Soc. 1991, 113, 1047, Evans, D. A,; Urpi, F.; Somers, T. C.; Clarck, J. S,;
Bilodeau, M. T. J. Am. Chem. Soc. 1990, 112, 8215. Evans, D. A,; Clarck,
J. S.; Metternich, R.; Novack, V. J.; Sheppard, J. 8. J. Am. Chem. Soc.
1990, 112, 866. Siegel, C.; Thornton, E. R. J. Am. Chem. Soc. 1989, 111,
5722. Evans, D. A,; McGee, L. R. J. Am. Chem. Soc. 1981, 103, 2876.
Panek, J. S.; Bula, O. A. Tetrahedron Lett. 1988, 29, 1661. Murphy, P.
J.; Procter, G.; Russell, A. T. Tetrahedron Lett. 1987, 28,2037. Harrison,
C. R. Tetrahedron Lett. 1987, 28, 4135. Lehnert, W. Tetrahedron Lett.
1970, 11, 4723. Katsuki, T.; Yamaguchi, M. Tetrahedron Lett. 1985, 26,
5807. Evans, D. A.; McGee, L. R. Tetrahedron Lett. 1980, 21, 3975.
Maruyama, K.; Yamamoto, Y. Tetrahedron Lett. 1980, 21, 4607. Evans,
D. A,; Takacs, J. M. Tetrahedron Lett. 1980, 21, 4233. Nakamura, E,;
Shimada, J.; Horiguchi, Y., Kuwajima, 1. Tetrahedron Lett. 1983, 24,
3341. Nakamura, E.; Kuwajima, I. Tetrahedron Lett. 19883, 24, 3343.
Reetz, M. T.; Peter, R. Tetrahedron Lett. 1981, 22, 4691. Siegel, C.;
Thornton, E. R. Tetrahedron Lett. 1986, 27, 457. Nerz-Stromes, M.;
Thornton, E. R. Tetrahedron Lett. 1986, 27, 897. Uchikawa, M.;
Hanamoto, T.; Katsuki, T.; Yamaguchi, M. Tetrahedron Lett. 1986, 27,
4577, Uchikawa, M.; Katsuki, T'.; Yamaguchi, M. Tetrahedron Lett. 1986,
27,4581. Reetz, M. T.; Kesseler, K.; Jung, A. Tetrahedron 1984, 40, 4327.
Pearson, W. H.; Cheng, M.-C. J. Org. Chem. 1987, 52, 3176. Mikami, K.;
Takahashi, O.; Kasuga, T.; Nakia, T. Chem. Lett. 1985, 1729.
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Reaction of Metal Carbonyis with Naked Enolates

unprecedented classes of metal-bonded enolates. Inorder
to make a straightforward comparison between related
species bonded to a metal, we employed the same metallic
fragment [Cr(CO);] for all of our studies. We report the
synthesis, structure, chemical properties, and literature
precedents of the following related classes of compounds:

(1) a-ketoalkyicarbonyimetaiaies
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The electron-withdrawing properties of [Cr(CO);] affect
the relative contribution by forms A and B.

Some important precedents have been reported for class
i by Bergman and Heathcock with the chemistry of the
neutral [Re(CQ)sCH,COR] and derivatives, though the
carbonylmetalated form was not considered.? The gen-
eration of a metallacarbene via the nucleophilic attack of
an enolate on a metal-CO bonded group” has no precedent
in the literature. Class ii contains an interesting organic
synthon. Class iii metallacarbene enolates derived from
the deprotonation of Fischer-type carbene compounds
have numerous precedents,®2and we report the structure

(8) Stack, J. G.; Doney, J. J.; Bergman, R. G.; Heathcock, C. H.
Organometallics 1990, 9, 453, and references therein.

(4) The structure of a potassium naked enolate of ethyl acetoacetate
with 18-crown-6 has been reported without any reactivity study: Riche,
C.; Pascard-Billy, C.; Cambillau, C.; Bram, G. J. Chem. Soc., Chem.
Commun. 1977, 183. Cambillau, C.; Bram, G.; Corset, J.; Riche, C. Can.
J.Chem. 1982,60,2654. Withkryptofix: Cambillau,C.; Bram, G.; Corset,
J.; Riche, C. New J. Chem. 1979, 3, 9.

(5) Potassium enolates of cyclohexanone, propanone, and acetophenone
with kryptofix-2,2,2 have been described, without any structural
characterization: Pierre, J.-L.; Le Goeller, R.; Handel, H. J. Am. Chem.
Soc. 1978, 100, 8022.

6) ’I‘he structure of the potassium enolate of pinacolone was recently
reported: Williard, P.; Carpenter, G.B.J. Am. Chem. Soc. 1986, 108, 462.

(7) Fischer,H; Krelssl F.R.; Schubert, U.; Hoffmann, P.; Détz,K H;
Weiss, K. Transition Metal Carbene Complexes; VCH: Weinheim,
Germany, 1983.

(8) (a) Fischer, E. O. Pure Appl. Chem. 1970, 24, 407. (b) Casey, Ch.
P.; Anderson, R. L. J. Am. Chem. Soc. 1974, 96, 1230.

(9) (a) Casey, Ch.P. CHEMTECH 1979,378. Casey, Ch. P.;Brunsvold,
W.R.;Scheck, D.M. Inorg. Chem. 1977, 16,3059. Casey, Ch.P.;Brunsvold,
W.R. J. Organomet. Chem. 1974, 77, 345; 1975, 102, 175. Casey, Ch. P.;
Anderson, R. L. J. Organomet. Chem. 1974, 73, C28. (b) Casey, Ch. P.;
Boggs, R. A.; Anderson, R. L. J. Am. Chem. Soc. 1972, 94, 8947.

(10) Lattuada, L.; Licandro, E.; Papagni, A.; Maiorana, S.; Chiesi-
Villa, A.; Guastini, C.J. Chem. Soc., Chem.Commun. 1988,1092. Aumann,
R.; Heinen, H. Chem. Ber. 1987, 120, 537. Xu, Y.-Ch.; Wulff, W. D. J.
Org Chem. 1987, 52, 3263. Wulff W. D. Advances in Metal- -Organic
Chemistry; Llebeskmd L.S,Ed; Jay Greenwich: CT, 1989; Vol. 1, p
358. Fischer, E. O. Pure Appl Chem 1978, 50, 857.

(11) Wulff, W. D.; Anderson, B. A; Toole, A J. J. Am. Chem. Soc.
1989, 111, 5485. Wulff, W. D.; Gilbertson, S. R. J. Am. Chem. Soc. 1985,
107, 503. Anderson, B. A.; Wulff, W, D.; Rahm, A. J. Am. Chem. Soc.
1993, 115, 4602.

(12) Sabat, M.; Gross, M. F.; Finn, M. G. Organometallics 1992, 11,

45.
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Figure 1. ORTEP drawing for complex 4 (30% probability
ellipsoids).

of the naked form. Some preliminary results have already
been communicated.i3

Results and Discussion

A monomeric ion-pair form of acetophenone enolate
was generated in THF using KH as a deprotonating agent
followed by the addition of 18-crown-6

R, O R, CH,
X, & =
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3
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R1 Rz =Me, 3

0.0 ©
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Ry = Fiz = fi; =
Ry=Rz=H; R3 OMB 5
=Ry;=R3=Me, 6

The potassium enolate is soluble in the case of 3, while
it is insoluble in the case of 1 and 2. The addition of
18-crown-6 reverses the solubility trend, making 4 and 5
very soluble and 6 insoluble. The enolates 4-6 are
thermally stable but very air-sensitive. They were ob-
tained in high yield as yellow crystalline solids. The 'H
NMR spectra show a pair of doublets for the enolate
protons, with the proton cis to the phenyl group (Ha)
upfield.’4 The 13C NMR spectrum shows a resonance for
the enolic carbon at 125.8 ppm, in contrast to the 83-97
ppm range observed for several Li, Mg, and Zn deriva-
tives.!> The ion-pair structure of 4 is reported in Figure
1 and will be discussed with complex 8. There are some
precedents in the literature on the isolation of weak ion-
pair enolates*® and some rare structural characteriza-
tions. 48

(13) Veya, P.; Floriani, C.; Chiesi-Villa, A.; Guastini, C. Organometallics
1991, 10, 1652.

(14) Pretsch, E.; Seibl, J.; Simon, W.; Clerc, Th. Tables of Spectral
Data for Structure Determination of Organic Compounds; Springer:
Berlin, Germany, 1983.

(15) Bertrand, J.; Gorrichon, L.; Maroni, P.; Meyer, R.; Viteva, L.
Tetrahedron Lett. 1982, 23, 1901.
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Figure 2. ORTEP drawing for complex 7 (30% probability
ellipsoids). Only the A position is given for the disordered
07 atom.

The ion separated form5 of the enolato 1 was obtained
by adding kryptofix-2,2,2 to the THF solution of depro-
tonated 1:

.CH, >
i) KH, THF W y
PhCOCH: ~7ryroomz22 Ph C\\“o [K(kryptofix-2,2,2)] (2)

1 7

The crystal structure of 7 in Figure 2shows nointeraction
between the countercation and the enolato anion, except
for some hydrogen bonding between the basic enolate
oxygen and the periphery of the kryptofix-2,2,2, leading
to a dimeric structure in the solid state. The oxygen atom
is statistically distributed over two positions (A and B)
symmetrically arranged with respect to the plane running
through the rest of the ion (out of plane distance: —0.337-
(10) A and 0.354(10) A, respectively). The C27 and C28
atoms lie on the plane of the phenyl ring and do not show
any disorder, as indicated by the rather low values of their
U;; parameters (Table SVIII). Thus, the disorder of the
oxygen atom is not correlated to free rotation of the enclato
around the C21-C27 bond but is probably a consequence
of crystal packing effects. As observed in complexes 4, 8,
and 9, the conformation of the enolato ion seems to be
determined by an intramolecular contact involving the
oxygen and hydrogen atom of the « carbon atom (Table
9-(d)). The enolato functionality shows a significant bond
delocalization over the C—C-O fragment, with similar C7-
07 and C27-C28 bond distances (Table 7). The depro-
tonation of propiophenone using the same method as in
reaction 1 gave the corresponding ion-pair enolate with
an E:Z isomer ratio of 2:98.1®¢ The Z isomer was the only
oneisolated (88 %) asasolid and structurally characterized:

(16) Recent review on the E:Z mixture of the lithium enolate of
propiophenone: Paterson,I.In Comprehensive Organic Synthesis, Trost,
B. M., Ed,; Pergamon: New York, 1991; Vol. 2; Chapters 1.9 and references
therein. Reetz, M. T; Peter, R. Tetrahedron Lett. 1981, 22, 4691. Oare,
D. A,; Heathcock, C. H. Tetrahedron Lett. 1986, 27, 6169. Mukai, C.;
Nagami, K.; Hanaoka, M. Tetrahedron Lett. 1989, 30, 5627. QOare,D. A.;
Heathcock, C. H. J. Org. Chem. 1990, 55, 157. Slough, G. A.; Bergmann,
R. G.; Heathcock, C. H. J. Am. Chem. Soc, 1989, 111, 938.
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The 'H NMR of enolate 8 shows a quartet at 5.18 ppm
for the enolic proton and a doublet for the Me group at
2.47 ppm with a Jyy = 6.25 Hz. The structure of 8 shown
in Figure 3 is similar to that of 4 and shows the Z
conformation of the propiophenone enolate. A selection
of structural parameters for 4 and 8 are reported in Tables
7-9. In both compounds the enolato fragment is mainly
in the ketonic form with a C27-07 [1.291(13) A, 4; 1.298-
(5) A, 8] shorter than the C27-C28 bond (1.393(16) A, 4;
1.340(5) A, 8), while in the ion-separated 7, the two bond
distances are closer in value (Table 7).

Metal carbonyls undergo two major kinds of transfor-
mations on reactions with nucleophiles,!” they are carbon
monoxide substitution, which serves to bind the nucleo-
phile at the metal,!® and reaction at the metal-bonded
electrophilic carbon monoxide. The later reaction leads
to the synthesis of a-metallacarbenes.” No reactions of
metal carbonyls, however, have been explored so far using
alkali-metal enolates as nucleophiles, which are very
important synthons in organic synthesis, We report here
results on both classes of reactions using 4 as unprece-
dented nucleophile.

The substitution reaction was carried out by replacing
the labile THF in [Cr(CO)5(THF)] by the enolato ligand.

r co T
oc\(lr _~co
oc” é\co

47 H;

O

1
|

KL

L = 18-crown-6, 9

[CHCO)(THF)] +4 — s

{Cr(CO);s] is a typical carbophilic fragment, preferring
the CH; rather than the oxygen donor atom, resulting in
the conversion of enolato functionality to an M—C ¢ bond;
this restores the ketonic form as shown by a band at 1690
cm! in the IR spectrum. Such binding of the enolate
transforms a typical nucleophilic carbon into a conven-
tional M—C ¢ bond, which is expected to perform insertion
reactions rather than additions to electrophilic carbons.?
The structure of 9 reported in Figure 4 shows a polymer
where the complexed enolato anions are bridged by the
[K(18-crown-6)]* cations. Potassium interacts with the
oxygen of the enolate O7 and the oxygen from one of the
CO cis to the enolato group of an adjacent anion. The
potassium links the anions in chains running parallel to
the [100] axis. The K--029’ line is nearly perpendicular
to the mean plane of the oxygens, the dihedral angle it
forms with the normal to this plane being 9.7(1)°. The
K-+07 and K:+029 interactions are weak (Table 7).

(17) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 5th
ed.; Wiley: New York, 1988; Chapter 22.

(18) Lukehart, C. M. In Fundamental Transition Metal Organome-
tallic Synthesis; Brooks/Cole Series in Inorganic Chemistry; Geoffroy,
G. L., Ed.; Brooks/Cole: Monterey, CA, 1985; Chapters 2 and 3. Robert,
D. A.; Geoffrey, G. L. In Comprehensive Organometallic Chemistry;
Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: Oxford,
1982; Vol. 6; pp 763-877. Atwood, J. In Inorganic and Organometallic
Reaction Mechanisms; Brooks/Cole Series in Inorganic Chemistry;
Geoffroy, G. L., Ed.; Brooks/Cole: Monterey, CA, 1985; Chapter 4.
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Figure 3. ORTEP drawing for complex 8 (30% probability
ellipsoids).

Figure 4. ORTEP drawing for complex 9 (30% probability
ellipsoids). Prime denotes a transformation of 1 + x, y, 2.

The long K-O7 distance (2.606(3) A) is in agreement with
the negative charge of the enolate delocalized on the [Cr-
(CO),] fragment rather than on the C==0 bond, as a
consequence of the Cr—C ¢ bond formation. The CO
trans to the Cr—CHj; bond is the one mainly affected by

Organometallics, Vol. 13, No. 1, 1994 217

this back donation, with a significant shortening of the
Cr—C33 bond and a lengthening of the C33—033 bond
(Table 8). The enolato moiety is approximately perpen-
dicular to the C28,C30,C32,C33 and C28,C33,C29,C31
angles, the dihedral angles they form being 87.4(1)° and
106(1)°, respectively. The structural parameters of the
Cr—enolato fragment are particularly relevant, and reveal
ashort C27—07 (1.240(4) A), a long C27—C28 bond (1.421-
(5) A), and a Cr—C28 bond length in agreement with other
Cr—C o bonds. These data support the formation of an
alkylcarbonylmetalate of Cr(0) from the reaction between
[Cr(CO)5(THF)] and the enolate 4. It is not surprising
that this compound does not display the conventional
reactivity associated with carbonyl compounds,1®

The functionalized enolates resulting from the binding
of the enolato group to metal carbonyls can be compared
with the enolates derived from the deprotonation of
Fischer-type carbenes.f'2 10 was chosen as starting
material, because it has the same [Cr(CO);s] fragment used
for other reactions in the present study. The generation
of an enolate from an ester equivalent like a Fischer-
carbene has been known for long time, though there is no
structural evidence to confirm the low nucleophilicity of
such an enolate relative to the enolate derived from an
ester. The high acidity of the methyl group in 108 allows
an easy deprotonation by KH in THF.

§ b0 ‘fo
Concr=c T ke Coira) S r/—co<OMe (5)
5 “CHy 18crown8 Q—o:_\‘?—> oc”” o CH;
¢

10 1

Complex 11 was obtained in high yield (88%) as a
crystallinesolid. The!H NMR spectrum is similar to that
reported by Casey for the same fragment in the same
solvent (but with [(PPhj3);N1* as cation)8 and the enolate
proton resonances are at 3.76 and 4.51 ppm, while the
methoxy protons are at 3.35 ppm vs 3.78, 4.52, and 3.29
for the same protons in the Casey compound. A significant
shift was observed for the 13C NMR of the carbenic carbon,
moving from 360.4 in 10 to 204.1 ppm in 11, and also a
decrease in the CO stretching frequencies (see Experi-
mental Section) down to 2030, 1900, and 1852 cm-1. These
data, together with the structural data, support that the
Cr(CO); fragment absorbs the negative charge of the
enolate, which loses its nucleophilicity. The structure of
11 reported in Figure 5 shows that the complexed cation
[K(18-crown-6)]* interacts with the 033 of the CO trans
to the carbene-enolato group. Owing to a charge delocal-
ization on C33-033 carbon monozxide, the Cr-C33 and
C33-033 bonds are much shorter and longer, respectively
(Table 8), than the corresponding bond lengths for the
other Cr—C-0 groups. The bent orientation of the Cr-
C33-033 fragment (159.7(6)°) gives further support to
the presence of the negative charge on that group. On
comparison of the carbene enolate parameters in 11 with
those of the starting fragment in [(CO);CrC(OEt)Me]20
(the only difference being the ethoxy group), there is a
lengthening of the Cr-C(carbene) bond from 2.053(1) to
2.126(5) A, a shortening of the C—C bond from 1.511(1) to
1.340(8) A, and a slight lengthening of the C-O bond from
1.314(1) to 1.366(7) A.

(19) We did not observe any reaction with aldehydes and ketones.
(20) See ref 7, p 94.
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Figure5. ORTEP drawing for complex 11 (30% probability
ellipsoids).

The Cr—-C27 bond length in 11 lies between the Cr—C
pure ¢ bond in 9 and that of an authentic carbene in
[(CO)sCrC(OEt)Me].2° The deprotonation of the Fischer
carbene leads to a considerable loss of M=C double bond
character. The C28, C27, 07, and C26 atoms define a
plane which is nearly coplanar and perpendicular to the
C27,C29,C31,C33 and C27,C30,C32,C33 mean plane, the
dihedral angles they form being 15.1(2)° and 75.1(2)°,
respectively. The Cr atom lies 0.072(1) A out from the
C28, C27, 07, C26 plane.

In Table 9 we compare the structural parameters of
complexes 4, 7, 8, 9, and 11 for the common fragment.

(1) The [K(18-crown-6)]* cation in complexes 4, 8, 9,
and 11 shows similar geometries. The most significant
differences concern the out-of-plane distances of potassium
from the mean plane through the six oxygen atoms of
18-crown-6, which decrease from 4 to 11 (T'able 9(a)); the
largest out-of-plane distances correspond to the strongest
K--0O7 interactions (complexes 4, 8; Table 7). Thesmallest
out-of-plane distance is found in complex 11, where
potassium weakly interacts with the oxygen of a THF
molecule (K-08 = 2.728(6) A) and even more weakly with
the oxygen atom of a disordered carbonyl group (K--0O33B
= 3.185(8) A). In complex 9, the K out-of-plane distance
is intermediate, corresponding to a K.-O7 interaction
weaker than those observed in complexes 4 and 8. Crystal
packing effects could also play a role, and in complexes
4 and 8, for example, there is no simple correlation between
the K out-of-plane and K-+O7 distances. In these two
complexes, however, the K out-of-plane distances are
similar to each other and are longer than those found in
9 and 11. In all the complexes, the K07 line is
approximately perpendicular to the oxygen mean plane
(Table 9(b)). The K.+-O7—C27 angles (Table 7) are all
different, but the values observed for complex 4 might
imply an interaction different from that observed in
complexes 8 and 11 and could be related to the shortening
of the K.«Q7 distance. Thus, while complexes 4 and 8
might be expected to be conformationally comparable,
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they show a different orientation of the enolato ligand
with respect to the [K(18-crown-6)], as shown in Figures
1 and 3.

(2) The enolato ligands assume a conformation resulting
in torsion angles around the C21-C27 bond which are close
to each other (Table 9(¢c)) in complexes 4, 8, and 9. In
complex 7, there is no rotation around this bond. This
feature seems to be a consequence of a strong intramo-
lecular O-+~H—C hydrogen bonding, involving the O7 basic
oxygen and the H22 atom attached to the C22 a-carbon
(Table 9(d)).

We took advantage of the high nucleophilicity of the
naked enolate in the reaction with a metal-bonded CO.
This is similar to the classic Fischer-carbene synthesis
usually performed using lithium alkyls.”822! Thereaction
between 4 and Cr(CO)g was carried out in Et;O at room
temperature, and although complex 13 has limited thermal
stability in THF, it can be recrystallized from that solvent
at less than 0 °C. The isolation of 13 is the result of a
two-step reaction: (a) the nucleophilic attack on CO by
the enolate, followed by (b) the deprotonation of the
intermediate carbene-enolate 12 by the starting enolate
4.

C|° [K(18-crown-8)[*
Cco O
4+CrCO)y —2—» OC—/Cr/==C/ 0 _t4b
oc | PhCOCH3
co
12
(6)
2 [K(18-crown-6)* 2 [K(18-crown-6)]*
oo co 0

oc— /=c — e ~c?Z o
acl as

The deprotonation is probably faster than step a, so even
with a 1:1 stoichiometry the only identifiable compounds
were 13, the excess Cr(CO)s and PACOCH;. Complex 13,
though extremely reactive, was obtained in high yield
(>90%) as a crystalline solid. It was completely charac-
terized by analytical and spectroscopic means. The IR
spectrum shows four CO bands from 2012 to 1850 cm™!,
in agreement with an important electron delocalization
from the carbene enolate on the Cr(CO); fragment; it does
not show any carbonylic band. A single enolic proton is
seen in the 'H NMR spectrum at 6.58 ppm, and the enolic
13C appears as a doublet at 118.1 ppm with a Jyc = 152.7
Hz. The 13C NMR spectrum shows a resonance at 244.7
ppm for the carbenic carbon, suggesting some contribution
by form B, which contains a Cr-C ¢ bond and electron
delocalization on the Cr(CO); fragment (see complex 11).

Several years ago Casey®22 reported the acylation of a
Fischer carbene leading to the acylated—alkylated form of
a metallacarbene enolate very similar to 13.

(21) Fischer, E. O.; Maasbdl, A. Angew. Chem. 1964, 76, 645. Wulff,
W.D.; Tang, P. C.; Chan, K. 8,; McCallum, J. 8.; Yang, D. C.; Gilbertson,
8. R. Tetrahedron 1988, 41, 5813. Détz, K. H. Angew. Chem., Int. Ed.
Engl. 1984, 23, 587, Brown, F. J. Prog. Inorg. Chem. 1980, 27, 1. Fischer,
E. O. Pure Appl. Chem. 1972, 30, 353.

(22) Casey, Ch. P.; Boggs, R. A.; Marten, D. F.; Calabrese, J. C. J.
Chem. Soc., Chem. Commun. 1978, 243.
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T/CO/OMe 2 Mecoc! .T,/CQ/OM"
oc—we&=c —We=c oCoMe  (7)
oc” | Me oc” | S>=(

co CoO H Me

14 15

Such an alkylated form was obtained by reacting 13
with an alkylating agent.2? This reaction is extremely
sensitive to the alkylating agent,!22¢ with the yield varying
in a wide range, and the product of interest is difficult to
separate from {[K(18-crown-y)1Cl}, which is very soluble
even in pentane. The results are summarized in reaction
8.

OC €O e

(8)

AL

R=R'=Me, 17
R=Me;R =B, 18

Complexes 16, 17, and 18 have common spectroscopic
characteristics: they show three active IR CO bands
corresponding to a pseudo Cy, symmetry.2’ The!H NMR
spectrum of 16 shows two methyl resonances, while 17
showed four resonances for the two SiMe; groups. The
same kind of spectrum was observed for 18. Both 17 and
18 show the presence of two isomers due to the steric
hindrance of the SiMe; and SiMe;Butgroups. We believe
that the two isomers form during the alkylation process,
with a significant preference for the less hindered one, in
a 4:1 ratio. Such isomers have been observed in case of
«,8 unsaturated carbenes.? The NMR spectra are tem-
perature independent. The existence of two isomers is
further supported by the 13C spectrum, which shows two
close peaks for the carbenic carbon at 347.2 and 353.8
ppm (complex 17) and at 353.5 and 862.4 ppm (complex
18); the CO groups show a pair of two singlets for the
carbonyls cis and trans to the carbene-enolato fragment.28
Reactions 6 and 8 have been extended to W(CO)g, and
very similar results have been obtained with the isolation
of {{[(CO);WC(0O-)CH=C(0-)Ph]l[K(18-crown-6)14}, 19,
and [(CO);W=C(0SiMe3) CH=C(0SiMe3)Ph], 20.

(23) Alkylation with [Me;O1BF,: Hegedus, L. S.; McGuire, M. A,;
Schultze, L. M. Organic Syntheses, Coll. Vol. VIII, p 216. Auman, R.;
Fischer, E. 0. Angew. Chem., Int. Ed. Engl. 1967, 6,879. Alkylation with
[Et;O1BF,: Fischer, E. O.; Maasbél, A. J. Organomet. Chem. 1968, 68,
P15. Alkylation with SiMesCl: Fischer, E. O.; Moser, E. J, Organomet.
Chem. 1968, 12, P1-P2. Fischer, E. O.; Selmayr, T.; Kreissl, F. R.;
Schubert, U. Chem. Ber. 1977, 110,2574. Alkylation with CF3S0;SiMes:
Vorag,a S.; Blau, H.; Malisch, W.; Schubert, U. J. Organomet. Chem. 1982,
232, C33.

(24) Raubenheimer, H. G.; Fischer, E. 0. J. Organomet. Chem. 1975,
91, C23. Fontana, S,; Fischer, E. O. J. Organomet. Chem. 1972, 40, 159.

(25) (a) Cardin, D. J.; Cetinkaya, B.; Lappert, M. F. Chem. Rev. 1972,
72,545. (b) Fischer, E. O.; Selmayr, T.; Kreiss], F. R.; Schubert, U. Chem.
Ber. 1977, 110, 2574.

(26) Connor, J. A.; Jones, E. M.;Randall, E. W.; Rosenberg, E. J. Chem.
Soc., Dalton Trans. 1972, 2419. Bodner, G. M,; Kahl, S. B; Bork, K.;
Storhoff, B. N.; Wuller, J. E.; Todd, L. J. Inorg. Chem. 19783, 12, 1071.
Kreiter, C. G.; Formacek, V. Angew, Chem. 1972, 84, 155, Fischer,E.O.;
Holifeider, H.; Friedrich, P.; Kreissl, F. R.; Huttner, G. Chem. Ber. 1977,
110, 3467.
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Compounds like 18 and 19, though thermally labile, can
be used in chemical reactivity study. Their relative
stability may be associated to the ion-pair formation with
the [K(18-crown-6)]* cations. This became clear when
we tried to use the naked enolate 7 instead of 4 in the
reaction with Cr(CO)e.

o]
CO
7+(CrcoN] “EEM 5 oc 4/ o
1,

H

2 [K(kryptofix-2,2,2)]*
21

o co 12
GO
0C—Cr—Ccri"Co
o’ | o |
co = ¢o
2 [Kiknyptofix-2,2.2)]* 2 [K(kryptofix-22,2)1*
22 23

The reaction carried out at 0 °C in THF gave 22
quantitatively;?’ it was isolated and fully characterized,
including an X-ray analysis. Reaction 9 should follow the
same pathway as reaction 6; however, the metallacarbene
enolate 21, which is not stabilized by ion-pair formation,
decomposes with a homolytic Cr—C cleavage leading to 22
and an unidentified organic material, which may well be
23, although we did not pursue it.

Experimental Section

General Procedure. All operations were carried out under
an atmosphere of purified nitrogen using modified Schlenk
techniques orina Braundrybox. Solvents weredried and distilled
before use by standard methods. Infrared spectra were recorded
on a Perkin-Elmer 883 spectrometer and NMR spectra on a
Bruker AC 200 instrument. The synthesis of [(CO)sCr=C(OMe)-
Me] has been performed as reported in the literature.?®

Synthesis of 4. Distilled acetophenone 1 (5.70 g, 47 mmol)
was added to a THF (300 mL) suspension of KH (2.10 g, 52
mmol) with a syringe, and then the mixture was stirred over 4-5
h. A white fluffy precipitate formed after several minutes, which
dissolved as soon as 18-crown-6 (12.54 g, 47 mmol) was added.
Excess KH was filtered off, the solvent evaporated, ether (200
mL) added, and the yellow microcrystalline product collected by
filtration and dried (92%). Crystals suitable for X-ray analysis
were obtained by extraction with ether. Anal. Calcd for
CxH3 KO- C, 56.85; H, 7.39; K, 9.25. Found: C, 56.71; H, 7.32;
K, 9.02. *H NMR (C¢Dg): 63.29 (s, OCH,, 24 H), 4.01 (d, ==CHj,,
1H,J=19Hz),4.63(d,=CH;, 1 H,J =19 Hz), 7.2-7.5 and
8.5 (m, Ph, 5 H). 13C NMR (C¢Dg): 670.7 (OCHjy), 125.8 (=CHy),
127.4-128.9 (Ph), 149.1 (Ph).

Synthesisof 5. 2-Methoxyacetophenone (2) (1.00g, 6.7 mmol)
was added to a THF (50 mL) suspension of KH (0.27 g, 6.7 mmol)
with a syringe, and the mixture was stirred over 3-4 h. After
several minutes a white fluffy precipitate formed, which dissolved
as soon as 18-crown-6 (1.77 g, 6.7 mmol) was added. Excess KH
was filtered off, the solvent evaporated, Et;O (50 mL) added,
and the yellow microcrystalline product collected by filtration
and dried (87%). Anal. Caled for C;HgsKOs: C, 55.73; H, 7.35.
Found: C, 55.85; H, 7.52. 'H NMR (CgDs¢): 6 3.45 (s, OCHj,, 24
H), 3.86 (s, OMe, 3 H), 4.16 (d, =CH,, 1 H, J = 2.7 Hz), 4.42 (d,
=CH,, 1 H, J = 2.7 Hz), 6.85 (m, Ph, 1 H), 7.10 (m, Ph, 2 H),
8.3 (m, Ph, 1 H).

(27) Anders, U.; Graham, W. A. G. J. Am. Chem. Soc. 1967, 89, 539.
(28) Fischer, E. O,; Maasbdl, A. Chem. Ber. 1967, 100, 2445. Aumann,
R.; Fischer, E. O. Chem. Ber. 1968, 101, 954.
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Synthesis of 6. 2,4,6-Trimethylacetophenone (3) (0.75 g, 4.6
mmol) was added to a THF (50 mL) suspension of KH (0.20 g,
5 mmol) with a syringe; the mixture was stirred over 3-4 h and
filtered to eliminate excess KH. In this case, no precipitate
formed, but when 18-crown-6 (1.22 g, 4.6 mmol) was added, the
naked enolate formed immediately (86%). Anal. Calcd for
CysH3 KOy C, 59.46; H, 8.03. Found: C, 58.42; H, 7.99. 'H
NMR (Cg¢Dg): 6 2.96 (s, Me, 9 H), 3.18 (s, OCH,, 24 H), 3.85 (d,
=CH;,, 1 H, J = 2.6 Hz), 4.22 (d, ==CH,, 1 H, J = 2.6 Hz), 6.98
(m, Ph, 2 H).

Synthesis of 7. Distilled acetophenone (1) (0.31 g, 2.66 mmol)
was added to a THF (50 mL) suspension of KH (0.135 g, 3.40
mmol) with a syringe, and the mixture was stirred over 4-5 h.
A white fluffy precipitate formed after several minutes, which
dissolved as soon as Kryptofix-2,2,2 (0.96 g, 2.56 mmol) was added.
Excess KH was filtered off, the solvent evaporated, and the residue
light-yellow oil redissolved in EtoO (50 mL). Yellow crystals,
suitable for X-ray analysis formed on standing several hours at
0°C (88%). Anal. Caled for CoHgKNOr: C, 58.40; H, 8.11;
N, 5.24. Found: C, 58.23; H, 8.27; N, 5.20. 'H NMR (C¢Dg): &
2.37 (t, NCH;,, 12 H), 3.36 (t, OCH;, 12 H), 3.43 (s, OCH,, 12 H),
4.03 (d,=CH,, 1 H,J = 2.4 H2), 4.67 (d,=CH,, 1 H, J = 2.4 Hz),
7.1-7.5 and 8.65 (m, Ph, 5 H). *C NMR (C¢Dg): 855.9 (s, NCHo,
Kryptofix-2,2,2), 68.8 (s, OCH,, Kryptofix-2,2,2), 71.0 (s, OCHo,
Kryptofix-2,2,2), 125.2 (s, =CH,), 127.2-128.9 (s, Ph), 150.7 (s,
Ph), 170.5 (s, C-0").

. Synthesis of 8. Distilled propiophenone (5.52 g, 41.10 mmol)

was added to a THF (50 mL) suspension of KH (1.65 g, 41.10
mmol) with a syringe, and the mixture was stirred over 4-5 h.
After several minutes a white fluffy precipitate formed, which
dissolved as soon as 18-crown-6 (10.81 g, 40.9 mmol) was added.
Excess KH was filtered off, and the solvent evaporated to 30 mL.
Tothe resulting light-yellow microcrystalline product was added
Et,0 (100 mL), and then the product was collected by filtration
and dried (88%). Anal. Caled for Cy;HggKOr: C, 57.77; H, 7.62.
Found: C, 68.21; H, 8.29. 'H NMR (CgDg): 5 2.47 (d, Me, 3 H,
J = 6.25 Hz), 3.26 (s, OCH,, 24 H), 5.18 (q,=CH, 1 H,J = 6.25
Hz), 7.2 (m, Ph, 1 H), 7.45 (m, Ph, 2 H), 8.40 (m, Ph, 2 H).

Synthesis of 9. A THF (250 mL) solution of [Cr(CO)sl,
prepared in situ by photolysis of Cr(CO)e (0.57 g, 2.68 mmol),
was added dropwise at —90 °C to a THF (40 mL) solution of 4
(1.09 g, 2.58 mmol). The red solution was evaporated to dryness
and the oily residue redissolved in ether (50 mL) to give a yellow
microcrystalline solid (35%). Crystalssuitable for X-ray analysis
were obtained by extraction with Et;0. IR (THF): »(CrC=0)
2036 (w), 1908 (w), 1864 (w) cm™; »(C=0) 1690 cm-!. Anal.Calcd
for Co4H3CrKOya: C, 48.86; H, 5.08. Found: C, 48.74; H, 5.10.
1H NMR (C¢Dg): 5 2.69 (wide peak, CH—Cr, 2 H), 3.08 (s, OCH_,
24 H); 7.1-7.4 and 8.25 (m, Ph, 5 H). 1*C NMR (CD.Cly): & 18.0
(s, CHs~Cr), 70.8 (s, OCHy), 128.1-130.1 (2s, Ph), 141.1 (s, Ph),
196.0 (s, PhCO), 222.8 and 228.6 (2s, Cr~CO).

Synthesis of 11. To a THF (50 mL) suspension of KH (0.30
g, 7.48 mmol) at -20 °C was added the Fischer carbene 10 (1.35
g, 540 mmol). The solution was stirred for 2 h at -20 °C, 18-
Crown-6 (1.43 g, 540 mmol) was then added, the solution
concentrated to dryness, Et;0 (50 mL) added, and the light-
yellow product collected by filtration and dried (88%). Crystals
suitable for X-ray analysis were obtained recrystallizing from
THF/Et:0 1/2. IR(THF): »(CrC==0) 2030 (w), 1900 (8), 1852
(m) cm-!, Anal. Calcd for CooHogCrKO;s: C, 43.48; H, 5.29.
Found: C, 44.03; H, 5.41. 'H NMR (CD,Cl;): ¢ 3.45 (s, OMe, 3
H), 3.63 (s, OCH,, 24 H), 3.87 (s, =CH, 1 H), 4.65 (s,=CH, 1
H). TH NMR (THF-dg): § 3.35 (s, OMe, 3 H), 3.65 (s, OCHj,, 24
H), 3.76 (8,==CH, 1 H), 4.51 (s, =CH, 1 H). 13C NMR (THF-ds):
6 55.2 (8, OMe), 72.4 (s, OCHy), 93.9 (s, =CHj,), 204.1 (s, Cr-C),
226.6 and 229.8 (2s, CrCO).

Synthesis of 13. The enolate 4 (5.20 g, 12.3 mmol) was added
to an Et,0 (1560 mL) suspension of Cr(CO), (1.38 g, 6.256 mmol),
and the mixture was stirred for 3-4 h at room temperature. An
orange, microcrystalline solid formed slowly, which was collected
by filtration, washed with Et;0 (3 X 50 mL), and dried (90%).
It could be recrystallized from THF, but at a temperature lower
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than 0 °C (thermally unstable). IR (THF): »(CrC==0) 2012 (w),
1913 (m), 1884 (s), 1850 (m) cm-!. Anal. Calcd for CssHse-
CrK;049: C, 48.30; H, 5.76. Found: C, 48.40; H, 5.86. 'H NMR
(THF-dg, 273 K): 6 3.60 (s, OCH;, 18-crown-6, 48 H), 6.58 (s,
=CH, 1 H), 7.1-7.2 (m, Ph, 3 H), 8.00 (m, Ph, 2 H). 13C NMR
(THF-ds, 273 K, not coupled): & 72.4 (s, CHs-0, 18-crown-6),
118.1 (s,=CH), 128.0-130.7 (m, Ph), 150.5 (s, Ph), 163.4 (s, C-0"),
230.7-232.9 (2s, Cr-C0), 244.7 (28, Cr-CO-). 13C NMR (THF-
ds, 273 K, coupled): 6 72.2 (t, CHz~0, Joyu = 141.3 Hz), 118.5 (d,
=CH, Joy = 152.7 Hz), 126.6-131.7 (m, Ph), 160.2 (m, Ph), 163.4
(8, C-0), 230.3-232.6 (28, Cr-CO), 244.7 (28, Cr-CO").

Synthesis of 16. To a THF (100 mL) suspension of 13 (6.27
g, 6.63 mol) at -20 °C was added Me;OBF, (1.96 g, 13.27 mmol),
and the mixture was stirred for 5-6 h as the temperature rose.
THF was evaporated and the residue redissolved in n-hexane
(100 mL) and filtered. An orange oil was obtained which was
purified by flash chromatography, with a mixture of heptane—
Et;0 (10:1), yielding a red crystalline solid (9%). IR (THF):
»(CrC==0) 2055 (m), 1973 (w), 1939 (s) cm-l. Anal. Caled for
Ci1eH12CrO7 C, 52.18; H, 3.28. Found: C, 53.38; H, 3.42. H
NMR (CD.Cly): & 3.91 (s, OMe, 3 H), 4.17 (s, OMe, 3 H), 6.99
(s, =CH, 1 H), 7.2-7.6 (m, Ph, 5 H).

Synthesis of 17. To an Et,0 (150 mL) suspension of 13 (12.20
g, 12.91 mol) was added trimethylsilyl triflate (5.0 g, 25.82 mmol)
dropwise at ~78 °C with a syringe. The suspension suddenly
turned dark red and was stirred for 30 min. The ether was
evaporated and the residue redissolved in n-pentane (200 mL)
and filtered. The potassium salt was washed with n-pentane (50
mL). The potassium triflate 18-crown-6 is slightly soluble in
n-pentane. The pentane was eliminated yielding a red solid
(73%). IR (THF): »(CrC=0): 2054 (w), 1983 (s), 1945 (3) cm-!.
Anal. Caled for CoHCrO-Siy: C, 49.57; H, 4.99. Found: C,
51.36; H, 6.07. 'H NMR (CqDg): two isomers 4/1: & I 0.0 (s,
SiMe;s, 9 H), 0.27 (s, SiMeg, 9 H), 6.9-7.0 (m, Ph, 3 H), 7.4 (m,
Ph, 2 H), 7.58 (s, =CH, 1 H). 2 -0.08 (s, SiMes, 9 H), 0.14 (s,
SiMe;, 9 H), 7.55 (s,==CH, 1 H). 'HNMR (CD,Cl;): twoisomers
4/1: 610.12 (s, SiMeg, 9 H), 0.43 (8, SiMeg, 9 H), 7.3-7.4 (m, Ph,
3 H), 7.49 (s, =CH, 1 H), 7.60 (m, Ph, 2 H). 20.01 (s, SiMe;, 9
H), 0.36 (s, SiMes, 9 H), 7.31 (s, =CH, 1 H), 7.4-7.6 (m, Ph, 5
H). 1¥C NMR (CD.Cl;, not coupled): & 1.3 and 0.6 (2s, SiMey),
128.4-138.6 (m, Ph), 145.0 (s, =CH), 154.4 (s, =COSi), 218.3
and 226.6 (2s, CrCO), 347.2 and 353.8 (2s, Cr==C).

Synthesis of 18. To an Et,0 (60 mL) suspension of 13 (1.74
g, 1.84 mol) was added dimethyl tert-butylsilyl triflate (0.85 mL,
3.68 mmol) dropwise at ~78 °C with a syringe. The suspension
suddenly turned dark red and was stirred for 30 min. Ether was
evaporated and the residue redissolved in n-pentane (200 mL)
and filtered. The potassium salt was washed with cold n-pentane
(50 mL). Pentane was eliminated yielding a red liquid (84%).
IR (THF): »(CrC==0) 2054 (w), 1983 (s), 1945 (s) cm-1. H NMR
(CD.Clp): 4-0.03 to +0.038 (58, SiMe,, 12 H), 0.87-1.13 (78, Si-
But, 18 H), 6.96 and 7.02 (2s, CH, 1 H), 7.35-7.6 (m, Ph, 5§ H).
13C NMR (CD.Cly): 4 —4.0, -3.0, and 1.5 (3s, SiMey), 26.0 (m,
Si-BuY), 127.0-139.5 (m, Ph), 145.4 (s, =CH), 154.1 (8, =COSi),
218.0 and 226.1 (28, CrCO), 353.6 and 362.4 (2s, Cr=C).

Synthesis of 19. The enolate 4 (2.68 g, 6.34¢ mmol) was added
to an Et;0 (60 mL) suspension of W(CO)g (1.12 g, 3.17 mmol);
then, the mixture was stirred for 3—-4 h at room temperature. An
orange microcrystalline solid formed slowly, which was collected
by filtration, washed with Et,0 (8 X 20 mL), and dried (89%).
IR (THF): »(WC=0) 2028 (w), 1929 (m), 1888 (s), 1852 (m)
cm-l, Anal. Caled for C3sHsK201,W: C, 42.38; H, 5.05. Found:
C, 41.72; H, 5.35.

Synthesis of 20. To an ether (60 mL) suspension of 19 (2.93
g, 2.72 mol) was added trimethylsilyl triflate (1.0 mL, 5.45 mmol)
dropwise at -78 °C with a syringe. The suspension suddenly
turned dark red and was stirred for 30 min. The ether was
evaporated and the residue redissolved in n-pentane (200 mL)
and filtered. The potassium salt was washed with cold n-pentane
(50 mL). Pentane was eliminated yielding a red liquid (73%).
IR (THF): y(WC==0) 2063 (w), 1977 (s), 1942 (m) cm-!, 'HNMR
(CD.Cly): two isomers 69/31: 510.16 and 0.47 (28, SiMes, 18 H),
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Table 1. Experimental Data for the X-ray Diffraction Studies on Crystalline Compounds 4, 7, 8, 9 and 11

compound 4 7 8 9 11
chem formula CyH31 KO, Ca6H43KN,0, C,1H33KO, C,sH3;CrKOy; C3H3CrKOy;
a, 10.109(1) 17.473(2) 14.285(3) 10.649(1) 14.029(1)
b A 9.041(1) 10.615(1) 16.714(2) 14.122(1) 12.355(1)
A 24.935(2) 16.133(2) 10.381(4) 10.635(1) 8.995(1)
a, deg 90 90 90 94.64(1) 91.82(1)
8, deg 96.94(1) 99.75(1) 107.88(2) 98.04(1) 91.17(1)
v, deg 90 90 90 108.81(1) 91.89(1)
v, A3 2262.3(4) 2949.1(6) 2358.9(11) 1485.4(3) 1557.1(2)
V4 4 4 4 2 2
fw 422.6 534.7 436.6 614.6 624.6
space group P2i/n (No. 14) P2/n (No. 10) P2;/c (No. 14) P1(No. 2) P1 (No. 2)
T,°C 22 22 22 22 22
AA 0.71069 1.54178 1.54178 0.71069 0.71069
Peales B €3 1.241 1.204 1.229 1.374 1.332
u, cm-! 2.65 19.31 22.85 5.70 5.46
transm coeff 0.949-1.000 0.884-1.000 0.809-1.000 0.875-1.000 0.876-1.000
R=T1)AR/LIF, 0.053 0.040 0.051 0.031 0.051
Ru = Lw/AF/wi/YFy 0.054 0.050 0.051 0.031 0.057
Table 2. Fractional Atomic Coordinates (X104) for Complex 4 Table 3. Fractional Atomic Coordinates (X104) for
(]
atom x/a y/b z/e Complex 7
K! 4563(1) -71(2) 3090(1) atom x/a__ - y/b z/e
01 6770(5) 1899(6) 2892(3) K1 5679.5(3) 1708.6(5) 3361.3(3)
02 5381(7) 296(7) 2043(2) 01 4098(1) 912(2) 3191(1)
03 2718(7) =277 2111Q3) 02 4755(1) 2532(2) 4520(1)
04 1768(6) -541(7) 3102(3) 03 6575(1) 3901(2) 3254(2)
(o} 3180(7) 944(6) 3971(2) 04 5677(1) 2804(2) 1804(1)
06 5848(6) 1706(6) 3905(3) 05 6355(1) -529(2) 2845(1)
o7 6036(8) -2221(8) 3422(3) 06 6901(1) 548(2) 4434(1)
Cl 7394(9) 1178(11) 2502(5) O7A 7842(6) 7659(8) 5501(7)
C2 6548(11) 1175(11) 1995(4) 07B 7619(6) N 5274(7)
C3 4482(14) 335(12) 1604(4) N1 4938(1) 356(2) 1795(1)
C4 3384(13) —662(12) 1646(4) N2 6423(2) 3023(3) 4948(2)
Cs 1684(14) -1102(15) 2168(5) Cl 3654(2) 1755(4) 3617(3)
Cé6 912(9) -528(14) 2592(7) C2 4029(2) 1878(4) 4491(2)
C7 1170(10) -60(12) 3520(7) C3 5129(3) 2708(4) 5351(2)
C8 2105(13) -49(12) 4025(4) C4 5814(3) 3571(4) 5356(3)
(0)'] 4121(13) 959(12) 4415(4) Cs 6939(3) 4054(5) 4730(3)
C10 5134(12) 2104(12) 4356(3) Cé6 6618(3) 4722(4) 3947(3)
Cll 6819(11) 2687(11) 3804(5) C7 6362(3) 4529(4) 2463(3)
Cl2 7596(9) 2075(11) 3385(5) () 6302(3) 3624(4) 1772(3)
C21 6923(6) -2933(9) 4294(2) C9 5463(2) 2088(4) 1048(2)
C22 7985(6) -1954(9) 4279(2) C10 4783(2) 1278(3) 1117(2) -
C23 9097(6) -2049(9) 4667(2) Ci1 4200(2) -216(4) 1945(2)
C24 9146(6) -3123(9) 5071(2) Cl2 3711(2) 650(5) 2361(2)
C25 8084(6) -4101(9) 5086(2) Cl3 5448(2) —635(3) 1579(2)
C26 6973(6) —4006(9) 4697(2) Cl4 5838(2) -1361(3) 2338(2)
C27 5716(11) -2849(10) 3853(4) Cl15 6847(2) -1183(3) 3502(2)
C28 4503(11) -3397(11) 3979(5) Clé6 7359(2) -279(4) 4014(2)
C17 7370(2) 1248(5) 5076(2)
7.3-7.7 (m, Ph + =CH, 6 H); 2 0.05 and 0.37 (28, SiMe;, 18 H), c1s 6864(3) 2090(5) 35012)
7.3-7.7 (m, Ph + =CH, 6 H). 1¥C NMR (CD,Cly: 4 1.3 (m, o g;g;g; g;gﬁg; g%fg;
SiMey), 128.2-138.7 (m, Ph), 150.1 (s, =CH), 160.1 (s, =COSi), C23 8512(3) 4842(4) 7233(2)
199.8 and 206.9 (25, CrCO), 323.1 and 313.5 (28, Cr==C). C24 9065(3) 3978(4) 7130(3)
Reaction of 7 with [Cr(CO),], Synthesis of 22. Toa THF C25 9381(2) 4002(4) 6414(3)
(40 mL) solution of Cr(CO)s (0.25 g, 1.13 mmol) at 0 °C was C26 9130(2) 4860(3) 5785(2)
added 7 (1.21 g, 2.26 mmol). The mixture was stirred for a few C27 8254(1) 6695(2) 5209(2)
minutes and turned orange-red. A yellow microcrystalline solid C28 8553(2) 6733(3) 4490(2)

formed, which was collected by filtration and dried (100%). The
product is sparingly soluble in THF. IR (THF): »(CrC=0) 1911
(w), 1877 (s), 1839 (w) cm-1. Anal. Caled for CyH72CraKoNyOg:
C,45.46; H,5.97; N, 4.61. Found: C, 45.00; H, 6.25; N, 4.34. 'H
NMR (CDsCOCDs): §2.59 (t, NCH,, 12 H), 3.59 (t, OCH,, 12 H);
3.62 (t, OCH,, 12 H).

X-ray Crystallography for Complexes 4, 7, 8, 9, and 11.
The crystals selected for study were mounted in glass capillaries
and sealed under nitrogen. The reduced cells were obtained with
use of TRACER.?® Crystal data and details associated with data
collection are given in Tables 1 and SI. Data were collected at
room temperature (2956 K) on a single-crystal diffractometer.

(29) Lawton, 8. L.; Jacobson, R. A. TRACER, a cellreduction program,
Ames Laboratory, Iowa State University of Science and Technology:
Ames, 1A, 1965.

¢ The site occupation factor for the disordered O7 atom is 0.5 for A
and B positions.

For intensities and background the profile measurement tech-
nique® was used. The structure amplitudes were obtained after
the usual Lorentz and polarization corrections®! and the absolute
scale was established by the Wilson method.® The crystal quality
was tested by ¢ scans showing that crystal absorption effects
could be neglected for complexes 4,9,and 11. Datafor complexes

(30) Lehmann, M. S,; Larsen, F. K. Acta Crystallogr., Sect. A: Cryst.
Phys., Diffr., Theor. Gen. Crystallogr. 1974, A30, 580-584.
(81) Data reduction, structure solution, and refinement were carried
outona GOULD 32/77 computer using: Sheldrick,G. SHELX-76: System
of Crystallographic Computer Programs; University of Cambridge:
Cambridge, England, 1976.
(32) Wilson, A. J. C. Nature 1942, 150, 151.
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Table 4. Fractional Atomic Coordinates (X104) for

Veya et al.
Table 6. Fractional Atomic Coordinates (X104) for

Complex 8 Complex 114
atom x/a y/b z/e atom x/a y/b zfc
K1 8242.5(6) -921.7(5) 5795.3(8) Crl 2593.8(5) 1994.7(6) 3710.2(8)
01 6942(2) -2169(2) 4818(3) K1 2278.9(7) -1840.9(10) 1255.3(13)
02 6464(2) -1007(2) 6519(3) 01 871(2) -1174(3) -701(4)
03 7915(3) 111(2) 7694(3) 02 378(2) -2345(3) 1848(4)
04 9869(3) -149(2) 7893(3) 03 1806(3) -2663(3) 4015(4)
05 10218(2) —~1289(2) 6086(4) 04 3704(3) -2642(3) 3063(4)
06 8877(3) -2509(2) 5047(3) 05 4210(2) -1472(3) 563(4)
07 7407(2) 77(2) 4087(3) 06 2789(2) -1236(3) -1647(4)
C1 6055(4) -2161(4) 5158(6) 07 4012(3) 3466(3) 2337(5)
C2 $785(3) -1331(4) 5323(7) 08 2076(5) -3820(4) -170(9)
C3 6233(4) —206(4) 6765(8) 029 2679(3) 1674(4) 377(5)
C4 7012(7) 105(4) 7968(7) 030 4369(3) 724(4) 4021(5)
Cs 8715(6) 519(4) 8681(6) 031 2595(3) 2170(4) 7050(5)
Cé 9518(6) 598(4) 8125(7) 032 1089(3) 3669(4) 3469(5)
C7 10681(4) -122(4) 7346(6) 033A 1089(7) 233(8) 4046(11)
C8 10971(4) -940(4) 7148(6) 033B 1398(6) -54(6) 3404(9)
C9 10485(4) -2069(4) 5749(8) C1 -51(4) -1643(5) -466(7)
Cl10 9695(5) -2384(4) 4626(6) C2 -241(3) ~1615(5) 1140(7)
Cll 8058(5) -2858(3) 4023(5) C3 183(4) -2447(5) 3385(7)
Cl12 7243(5) -2942(3) 4563(6) C4 900(5) -3177(5) 4034(7)
C21 6636(3) 1347(2) 3802(4) C5 2542(6) -3292(6) 4647(8)
C22 7169(3) 1551(3) 5120(4) Cé6 3457(5) -2714(6) 4569(8)
C23 7121(4) 2305(3) 5645(5) C? 4635(5) -2163(5) 2884(8)
C24 6544(5) 2883(3) 4830(7) C8 4834(4) -2170(5) 1279(8)
C25 6028(4) 2700(3) 3546(6) c9 4412(4) -1362(5) -969(7)
C26 6057(4) 1944(3) 3031(4) C10 3693(4) —684(5) -1681(7)
c27 6722(3) 518(2) 3294(4) Cl1 2081(4) —656(4) -2403(6)
C28 6111(3) 272(3) 2104(4) Cl2 1141(4) -1242(5) —2221(6)
C29 6182(4) -548(3) 1574(5) C21A 1168(12) —4474(15) —646(20)
C22A 1497(11) -5564(15) -744(22
Table 5. Fractional Atomic Coordinates (X104) for C23A 2592(11) -5414(18) —1029§2$;
Complex 9 C24A 2960(9) —4309(15) -288(23)
C21B 1742(16) -4699(20) 670(26)
atom x/a /b z/e C22B 2089(28) 5565(28) -267(29)
Crl -5151.6(5) 2385.1(4) 8533.4(5) C23B 1727(12) -5090(14) -1756(20)
K1 -266.4(6) 2555.1(5) 6452.7(6) C24B 2576(13) -4269(15) -1342(22)
01 -1412(2) 1268(2) 4151(2) C26 4632(5) 4381(5) 2159(8)
02 473(2) 3173(2) 4089(2) C27 3552(3) 3361(4) 3651(6)
03 1426(2) 4531(2) 6380(2) C28 3747(4) 4097(5) 4750(7)
04 1427(2) 3720(2) 8697(2) C29 2659(4) 1828(5) 1622(7)
0s -283(2) 1755(2) 8746(2) C30 3695(4) 1190(4) 3892(5)
06 -1237(2) 428(2) 6438(2) C31 2584(4) 2125(4) 5785(6)
o7 -2323(2) 3107(2) 6778(2) C32 1656(4) 3027(4) 3563(6)
029 -7628(2) 2305(2) 6695(2) C33 1782(4) 831(5) 3707(7)
8;? :;Z;gg; 2;8%8; 182;;8; 4 The site occupation factor for the disordered 033 and C21-C24
032 ~5594(3) 3944(2) 10389(2) atoms is 0.5 for A and B positions.
033 -6843(3) 728(2) 9771(3)
Cl1 -945(4) 1586(4) 3026(3) complex 8. The function minimized during the least-squares
C2 —642(4) 2685(3) 3092(3) refinement was Lw|AF12. A weighting scheme based on counting
C3 938(4) 4229(3) 4113(4) statistics®! was applied for complexes 4, 7, and 11. Unit weights
g;’ gggg:g gg?ggg ;ggég; were u§ed for Fomplexes 8 and 9 since these gave a satisfactory
C6 1723(4) 4759(3) 8627(4) analysis of variance and the best agreement factors.! Anomalous
c7 904(4) 3414(3) 9794(4) scattering cor:ections were included in all structure factor
C8 719(4 2320(3) 9798(3) calculations.3®® Scattering factors for neutral atoms were taken
Cc9 _53954; 712(3) 8680(4) from ref 35a for non-hydrogen atoms and from ref 36 for H.
C10 -1660(4) 171(3) 7595(4) Among the low-angle reflections a correction for secondary
Cl11 ~2257(4) -61(3) 5352(4) extinction was carried out for complex 8,7 while no correction
gg A 1208(4) 2322(;) g;zg(g) was deemed necessary for 4, 7, 9, and 11.
Cc2 _40;.3,8; 2261 E 3; 3 4922 4; Solution and refinement were based on the observed reflections.
C23 —4788(5) 2020(3) 3253(4) The structures were solved by the heavy-atom method starting
C24 -5695(5) 2467(4) 2844(4) from a three-dimensional Patterson map for complexes 7, 8, and
C25 -5903(5) 3155(4) 3668(4) 9. For 4 and 11 the structures were solved using SHELX86.%
C26 -5203(4) 3407(3) 4916(3)
g%g _gggggg ;3;38; gg-slggg (83) Ugozzoli, F. ABSORB, a Program for F, Absorption Correction.
C29 —6676(3) 2351(2) 7378(3) In Computer Chem. 1987,_1!, 109.
¢30 487103 39403 7436(3 (34) North, A. C. T.; Phillips, D. C.; Mathews, F. 8. Acta Crystallogr.,
@ 1394(3) (3 Sect. A: Cryst. Phys. Diffr., Theor. Gen. Crystallogr. 1968, A24, 351.
o%))| -3568(4) 2463(3) 9651(3) (35) (a) International Tables for X-ray Crystallography; Kynoch
C32 -5409(3) 3371(3) 9679(3) Press: Birmingham, England, 1974; Vol.IV,p99. (b) International Tables
C33 -6176(3) 1377(3) 9300(3) for X-ray Crystallography; Kynoch Press: Birmingham, England, 1974;

7 and 8 were corrected for absorption using the program
ABSORB® for complex 7 and a semiempirical method* for

Vol. IV, p 149.

(36) Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J. Chem. Phys.
1968, 42, 3175.

(87) Zachariasen, W. H. Acta Crystallogr. 1968, 16, 1139.



Reaction of Metal Carbonyls with Naked Enolates

Table 7. Selected Bond Distances (A1) and Angles (deg) for
Complexes 4, 7, 8, 9, and 11
4 7 8 9 11
(a) In the K* Coordination Sphere

K1-01 2.943(6) 2.858(2) 2.769(3) 2.793(2) 2.781(4)
K1-02 2.852(6) 2.809(2) 2.865(3) 2.858(2) 2.785(3)
K1-03 2.893(7) 2.826(2) 2.766(4) 2.806(2) 2.796(4)
K1-04 2.861(6) 2.768(2) 2.950(3) 2.811(2) 2.779(4)
K1-05 2.892(6) 2.839(2) 2.812(3) 2.769(2) 2.818(3)
K1-06 2.786(7)  2.796(2) 2.983(4) 2.842(3) 2.837(4)
K1-07 2.526(8) 2.461(3) 2.606(3)

K1-08 2.728(6)
K1-029¢ 2.922(3)

K1-N1 3.003(2)

K1-N2 3.010(3)

(b) In the Enolato Ligand

07-C27 1.291(13) 1.379(10)  1.298(5) 1.240(4) 1.366(7)
(1.242(10))¢

C21-C27 1.54311)  1.51003) 1.501(5) 1.511(4)

C27-C28 1.393(16) 1.351(5) 1.340(5) 1.421(5) 1.340(8)

C28-C29 1.492(7)

07-C26 1.419(8)

KI-07-C27  114.5(6) 161.2(3) 166.0(2)

07-C27-C21  111.08) 113.5(5) 115.4(3) 116.4(3)
[115.6(5)}

C21-C27-C28 117.6(8) 119.3(2) 120.1(3)
[120.4(3))®

07-C27-C28  131.3(10) 124.8(5) 124.2(4) 123.6(3)
[122.8(5)]*

C26-07-C27 118.9(4)

¢ Prime denotes a transformation of x + 1, , z. ® The valuesin brackets
refer to the B position of the O7 disordered atom.

Table 8. Selected Bond Distances (1) and Angles (deg) for
Complexes 9 and 11 Involving the Cr Coordination Sphere

9 11 9 11
Cr1-C27 2.126(5) C29-029 1.142(4) 1.131(8)
Cr1-C28 2.293(4) C30-030 1.151(5) 1.129(7)
Cr1-C29 1.879(3) 1.888(6) C31-031 1.134(5) 1.137(7)
Cr1-C30 1.874(4) 1.872(6) C32-032 1.144(5) 1.146(7)
Cr1-C31 1.889(4) 1.869(5) C33-033 1.162(5) 1.250(11)*
Cr1-C32 1.888(4) 1.868(5)
Cr1-C33 1.821(4) 1.804(6)
C32-Cr1-C33 91.0(2) 96.1(2) C28-Cr1-C29 90.0(1)
C31-Cr1-C33 91.6(2) 91.5(2) C27-Cr1-C33 178.5(2)
C31-Cr1-C32 89.9(2) 90.7(2) C27-Cr1-C32 83.9(2)
C30-Cr1-C33 88.2(2) 94.8(2) C27-Cr1-C3l 90.1(2)
C30-Cr1-C32 178.4(2) 169.0(2) C27-Cr1-C30 85.2(2)
C30-Cri~C31 88.6(2) 88.1(2) C27-Cr1-C29 89.6(2)
C29-Cr1-C33 91.1(2) 889(3) Cr1-C27-C28 127.1(4)

C29-Cr1-C32 90.4(2) 92.0(2) Cri-C28-C27 105.0(2)
C29-Cr1-C31 177.3(2) 177.3(2) Cr1-C29-029 177.7(3) 176.4(6)
C29-Cr1-C30 91.1(1) 89.1(2) Cri-C30-030 175.7(3) 178.4(5)
C28-Cr1-C33 176.6(1) Cr1-C31-031 179.0(4) 177.5(5)
C28-Cr1-C32 85.7(2) Cr1-C32-032 177.8(3) 179.2(5)
C28-Cr1-C31 87.3(2) Cri-C33-033 178.9(3) 159.7(6)®
C28-Cr1-C30 95.0(1)

41.223(10) for C33-033B. # 162.1(6) for Cr1-C33-033B.

Refinement was done by full-matrix least-squares first isotro-
pically and then anisotropically for non-H atoms, except for the
033 and C21-C24 disordered atoms in complex 11. In complex
7 the enolate oxygen atom was found to be disordered over two
positions (A and B) symmetrically distributed with respect to
the plane running through the rest of theion. A disorder affecting
the 033 carbonyl and the THF molecule was found in complex

(38) Sheldrick, G. SHELX-86: a FORTRAN-77 Program for the
solution of Crystal Structure from Diffraction Data; University of
Cambridge: Cambridge, England, 1986.
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Table 9. Most Relevant Conformational Parameters for
Complexes 4, 7, 8, 9, and 11
(a) Distances (A) of Atoms from the Mean Plane through
the Six Oxygen Atoms of 18-Crown-6

4 8 9 11
01 -0.174(6) 0.168(3) 0.265(2) 0.220(4)
02 0.231(6) -0.131(3) -0.233(2) -0.186(4)
03 -0.210(7) 0.117(3) 0.160(2) 0.173(4)
04 0.163(6) -0.138(3) -0.120(2) -0.195(4)
05 -0.127(6) 0.257(4) 0.150(2) 0.227(4)
06 0.157(6) -0.192(3) -0.221(2) -0.239(4)
K 0.758(2) 0.692(1) 0.406(1) 0.114(1)

(b) Dihedral Angles (deg) between the KO Lines and
the Normal to the Oxygen Mean Plane

4 8 8 11
K07 15.8(1) 20.6(1) 6.4(1)
KO8 6.0(1)
K029’ 9.7(1)
(c) Torsion Angles (deg) around the C21-C27 Bond
of the Enolato Ligand
4 8 9
24.1(3) 10.2(2) 22.8(1)
(d) Geometry of the Intramolecular C-H+O Interactions
4 7 8 9
07-C22 (A) 2.737(9) 2.746(10) 2.749(6) 2.765(4)
[2.729(10))4
07--H22 (A) 231 2.42 [2.45] 2,28 242
07-+-H22-C22 (deg) 100 100 [97] 109 103

a The values in brackets refer to O7B.

11. It was solved considering the 033 carbonyl oxygen and the
C21-C24 carbons distributed over two positions (A and B) refined
with a site occupation factor of 0.5.

For 4, 7, 9, and 11 the hydrogen atoms were located from
difference Fourier maps. For 8 they were put in geometrically
calculated positions. They were introduced in the subsequent
refinements as fixed atom contributions with isotropic U’s fixed
at 0.15 A2 for 4 and 7 and 0.12, 0.09, and 0.10 A2 for 8, 9, and 11
respectively. In complex 4, the methylenic H atoms bonded to
C28, which could not be located from difference Fourier maps,
were ignored. Incomplex11,the H atoms associated to disordered
THF molecule were ignored. During the refinement of complex
4 the l;h ring was constrained to be a regular hexagon (C-C =
1.395 A).

The final difference maps showed no unusual feature, with no
significant peak above the general background. Final atomic
coordinates are listed in Tables 2-6 for non-H atoms and in Tables
SII-VI for hydrogens. Thermal parameters are given in Tables
SVII-XI, selected bond distances and angles in Tables 7 and 8.3
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