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Summary: Preparations of the acetophenone ion pair 
[PhC(CH,)O-K( 18-crown-6)l (1) and the ion-separated 
potassium enolate [PhCOCH,]-[K(Kryptofix 222)]+ (2) are 
reported. Such starting materials have been character- 
ized by 'H and 13C NMR spectroscopy and X-ray analysis. 
The reaction of the highly nucleophilic enolate 1 with 
Cr(CO)e led to attack at carbon monoxide with the for- 
mation of the potassium metallocarbene enolate 
[(CO),Cr=C(O)CH=C(Ph)O] ,-( [K( 18-crown-6)]+), (4). 
The enobte 1 reacts with [Cr(CO),(THF)], binding the 
metal through the carbon end and forming the alkyl- 
carbonylmetalate-potassium ion pair [(CO),CrCH,C(Ph)- 
O-K( 18-crown-6)] (6). 

The interaction of ketone enolates with main-group or 
electron-poor transition metals is a subject of wide inter- 
est.' Much less attention has been directed to reaction 
of metal enolates on electron-rich metals or on function- 
alities attached to them.2 Within this context we decided 
to look a t  the reactivity of highly nucleophilic naked 
enolates on transition-metal carbonyls. The synthesis of 
naked or ion-pair monomeric enolates3 has been achieved 
by forming the potassium enolate as reported in reaction 
1 and complexing the potassium cation with 18-crown-6 
or Kryptofix 222.4*6 

* T o  whom correspondence and reprint requests should be ad- 
dressed. 
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Compounds l4 and 23b95 have been obtained in very good 
yield and in crystalline form. The 'H NMR spectra ( C a d  
show two fine doublets at 3.29 and 4.01 ppm (J = 1.9 Hz) 
for 1 and at  4.03 and 4.67 ppm (J = 2.4 Hz) for 2. The 
13C NMR spectra show the enolic carbon at  125.8 ppm, in 
agreement with a carbon-carbon double bond. The X-ray 
structure has been determined for both compounds. De- 
tails are given in Figure l for 2.6 The [K(Kryptofix 222)] 
fragment does not deserve any special comment. The 
enolate anion is weakly bonded in the solid state via the 
basic oxygen to the peripheral hydrogens of Kryptofix (A 
refers to one of the two portions over which the enolato 
oxygen is statistically distributed). The naked anion is in 

(4) Procedure for 1: Acetophenone (5.70 g, 47.4 mmol) was slowly 
added to a THF (300 mL) suspension of KH (2.10 g, 52.3 mmol). The 
resulting white fluffy suspension was stirred for 4-5 h. It dissolved by 
addition of freshly distilled 18-crown-6 (12.54 g, 47.4 mmol), giving a 
brown-red solution. The solution was evaporated to dryness and the 
residue extracted with EGO (18.8 g, 92% of a white-yellow crystalline 
solid very sensitive to air). 1 can also be recrystallid from a THF &O 
solution. Anal. Calcd for C&i31K07: C, 56.85; H, 7.39; K, 9.25. P( ound 
c, 56.71; H, 7.32; K, 9.02. 'H NMR (cad: 6 3.29 (8, CH~--O i8-mwn-6, 
24 H), 4.01 (d, =CH, 1 H, J 1.9 Hz), 4.63 (d, =CH, 1 H, J 1.9 Hz), 7.2-7.5 
and 8.5 (m, Ph, 5 H). 13C NMR (C6De): 6 70.7 (a, 18-crown-6), 125.8 (e, 
=CH2), 127.4-128.9 (m, Ph), 149.1 (a, Ph). 

(5 )  Procedure for 2: The same procedure as for 1 was used for 2, 
which, being more soluble, was crystallized after extraction a~ the EGO 
solution was cooled to 0 OC (88%). Anal. Calcd for CaHuKN20,: C, 
58.29; H, 8.27; N, 5.22. Found C, 58.23; H, 8.27; N, 5.20. 'H NMR 

and 8.55 (m, Ph, 5 H). I3C NMR (C6D6): d 55.9 (a, N-CH2, Kryptofix 
222), 68.8 (8, 0-CH2, Kryptofix 222), 71.0 (8, 0-CHz, Kryptofix 2221, 

(6) Structure of 2 C1$IaKN2O7, M = 534.7, monoclinic, space group 
B / n ,  a = 17.473 (2) A, b = 10.615 (1) A, c = 16.133 (2) A, @ = 99.75 (1)O 
V = 2949.1 (6) As, Z = 4, pd = 1.204 g X(Cu Ka) = 1.541 78 A: 
p(Cu Ka) = 19.31 cm-', crystal dimensions 0.35 X 0.40 X 0.48 mm3; 3474 
unique observed structure amplitudes (I > 2a(0) collected at room tem- 
perature on a Siemens AED diffractometer in the range 6' < 28 < 140'. 
The structure was solved by the heavy-atom method (Patterson and 
Fourier synthesis) and refined by fullmatrix least squares anisotropically 
except for the disordered atoms of the two butyl groups. 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 the ion. The hydrogen atoms, partly located in a difference Fourier 
map and partly geometrically calculated, were introduced as fixed con- 
tributors in the final stage of refinement. All calculations were carried 

(Cad: 6 2.37 (t, CHZ-N, 12 H), 3.36 (t, CHZ--O, 12 H), 3.43 (8, C H 2 4 ,  
12 H), 4.03 (d, =CH, 1 H, J 2.4 Hz), 4.67 (d, =CH, 1 H, J2.4 Hz), 7.1-7.5 

125.2 (8, =CHp), 127.2-128.9 (8, Ph), 150.7 (8, Ph), 170.5 (8, C-0-). 

Out with use Of SHELX-76. 
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Figure 1. View of the packing in complex 2. Selected bond distances (A) and angles (deg) include the following: K-01 = 2.854 (2), 

07A-Cl = 3.237 (20), 07A42 = 3.301 (18), 07A416' = 3.246 (17), 07A427 = 1.393 (17), (221x27 = 1.508 (4), C27-C28 = 1.348 
(5); 07A-C27-C21 = 113.7 (8), C21427-C28 = 119.5 (3), 07A-C27-C28 = 124.5 (7). The prime denotes a transformation of 1 - x ,  

K-02 = 2.809 (4), K-03 = 2.821 (3), K-04 

-y, 1 - 2 .  

2.768 (3), K-05 = 2.838 (2), K-06 = 2.793 (3), K-N1 = 3.004 (3), K-N2 = 3.007 (31, 

the enolato form with a C=C double bond and a C-0 
single bond. 

The enolate 1 was reacted with [Cr(CO),] and gave, 
according to reaction 2, the metallocarbene enolate 4.' 

/ F " 2  a 
Cr(C0)s + Ph- ---c 

c\O-*K(18-crown-6) 

,O.-K( 18-crown-6) 

'0-K( 18-crown-6) 

(CO)&r = C 
'CH (2) 

Ph-& 

4 

Complex 4' was obtained in 90% yield in crystalline 

(7) Procedure for 4 1 wae added ae a solid (5.20 g, 12.30 "01) to an 
EBO (150 mL) solution of Cr(CO)B (1.38 g, 6.25 mmol); this mixture was 
then stirred for 3-4 h at room temperature. A microcrystalline solid 
slowly formed (5.10 g, 90%). It was recrystallized from THF at a tem- 
perature lower than 0 OC. The solid is thermally stable. Anal. Calcd for 
CgSHuCrKOIO: C, 48.30; H, 5.76. Found C, 48.40; H, 5.86. 'H NMR 
(THF-d,, 273 K): d 3.60 (8, C H 2 4  l&crown-6,48 H), 6.58 (e, - C H ,  1 
H), 7.1-7.2 (m, Ph, 3 H), 8.00 (m, Ph, 2 H). '% NMR (THF-d8, 273 K, 
not coupled): 6 72.2 (e, C H 2 4  l&crown-6), 118.5 (e, --CH enolic), 
126.6-130.0 (m, Ph), 150.1 (8, Ph), 163.4 (im urities), 170.6 (a, C-0-1, 
230.3-232.6 (8, Cr-CO), 330.1 (8, C d ) .  NMR (THF-de, 273 K, 

126.6-131.7 (m, Ph), 150.2 (m, Ph), 163.4 (impurities), 170.6 (e ,  C--O-), 
230.3 and 232.6 (2 8, OC-Cr), 330.1 (very weak). IR (THF solution): 
2012 (w), 1983 (w), 1913 (m), 1884 (81, 1850 (m) cm-'. 

a~lpled): d 72.2 (t, C H 2 4 ,  Jm 141.3 Hz), 118.5 (d, =CH, Jm 152.7 Hz), 

form regardless of the stoichiometric ratio. Deprotonation 
of 3 (step b) is much faster than step a. Actually, if a 1/1 
stoichiometry is used, 50% of the Cr(CO), is recovered by 
sublimation and acetophenone is regenerated. The IR 
spectrum does not show any ketone band related to 3, but 
only a M(CO)S pattern. Complex 4 is rather thermally 
labile, and it has to be handled at a temperature lower than 
0 "C in solution. It was analytically and spectroscopically 
fully characterized. The 'H NMR spectrum of complex 
4 shows a singlet a t  6.58 ppm, for the methine proton, and 
the absence of any methylenic proton. The 13C NMR 
spectrum gives hints: the enolic carbon exhibits a doublet 
a t  118.5 ppm (JCH = 152.7 Hz). The carbene carbon is a t  
330.1 ppm. Some difficulties have been encountered thus 
far in the X-ray analysis of 4, due to its thermal lability. 
The reaction of 2 with Cr(CO), is more complex and is still 
under investigation. 

The use of electron-rich unsaturated metals can reverse 
the normal enolate-transition-metal interaction, which 
normally occurs through the oxygen.'v2 We chose to also 
examine the reaction of 1 with [Cr(CO),(THF)I, as a source 
of the soft 16e- Cr(CO)S. The nucleophilic attack of the 
enolate proceeds at  the metal rather than at  the CO as 
observed for Cr(CO),: 

r oc, co I ,co 1 

**. 
(1 acrown-6)i. 

6 
1 

The metal prefers the softer CH2 site of the enolate, 
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Figure 2. View of the polymeric chain running along x in complex 
6. Selected bond distances (A) include the following: Cr-C28 
= 2.293 (4), Cr-C29 = 1.877 (3), Cr-C30 = 1.872 (4), Cr-C31 = 
1.889 (4), C 4 3 2  = 1.887 (4), C 4 3 3  = 1.821 (4), 0 7 x 2 7  = 1.238 

(4), K-07 = 2.607 (3). The prime denotes a transformation of 
1 + x ,  y ,  2. 

resulting in the formation of an alkylcarbonylmetalate ion 
pair (6).8 The CH2 gives a large peak at 2.69 ppm and at 
18.0 ppm in the 'H and 13C NMR spectra. Furthermore, 
the IR spectrum has a ketone band at 1690 cm-', showing 

(5), C21-C27 = 1.514 (4), C33-033 = 1.163 (5), K-029' = 2.922 

(8) Procedure for 6: A THF (50 mL) solution of 1 (1.09 g, 2.58 mmol) 
was added at  -90 'C to a THF solution (250 mL) of [Cr(CO)&THF)] 
generated in situ by the photolysis of Cr(CO)B (0.57 g, 2.58 mmol). The 
resulting red solution was evaporated to dryness. The solid was extracted 
with use of EhO (60 mL) to give a yellow crystalline solid (0.55 g, 35%). 
Anal. Calcd for CaHSICrKO12: C, 48.86; H, 5.08. Found: C, 48.74; H, 
5.10. lH NMR (CsDe): 6 2.69 (broad peak, CH2-Cr, 2 H), 3.08 ( 8 ,  
CH2-0, 24 H), 71.-7.4 and 8.25 (m, Ph, 5 H). l8C NMR (CD2C12): 6 
18.00 (a, CH2-Cr),  70.8 (e, CH2-0),  128.1-130.1 (2 a, Ph), 141.1 (a, Ph), 

solution): v c - 0  2036 (w), 1942 (w), 1908 (e), 1864 (w) cm-'; YM (Cr- 
CH2C(0)Ph) 1690 (m) cm-I (compare with a rhenium(1) enolate,% 
1669-1672 cm-9. 

199.6 (E, Cr--CH&(O)Ph), 222.8 and 228.6 (2 8, C M O ) .  IR (THF 

that all the enolic charge has been transferred to the metal. 
The proposed structure was equally well supported by 
analytical and X-ray d a h s  Figure 2 shows that the 
solid-state structure of 6 is polymeric, due to the bridging 
interaction mode of the unsaturated [K( 18-crown-6)]+ 
cation. 

Potassium interacts at a short distance with the enolate 
oxygen 0 7  and at a rather long distance with a carbonylic 
oxygen. By the interaction with the Cr(C0)6 unit the 
enolato anion is frozen in the unusual ketonic form 
(C27-C28, 1.424 (6) A; C27-07, 1.240 (5 )  A) in contrast 
to the case for 1 and 2 and mainly to those complexes 
obtained with an oxophilic metal attached to the oxygen.1° 
The C end of the enolate binds Cr a t  the normal distance 
for a Cr-C Q bond (2.293 (4) A) in a metalate derivative." 
The CO trans to it takes care of the major amount of the 
charge transferred by the enolate to the metal, the Cd33 
and C33-033 distances being significantly shorter and 
longer, respectively, than those for the other four C r 4 - O  
groups (see the caption for Figure 2). Complex 6 should 
be considered as an alkylcarbonylmetalate anion in the 
ion-pair form.12 The extension of enolate reactivity to 
metal carbonyls is under investigation, as well as the 
chemistry of complexes 4 and 6. 
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(9) Structure of 6: C2SH31CrK012, Mr = 614.6, triclinic, space group 
Pi, a = 10.649 (1) A, b = 14.122 (1) A, c = 10.635 (1) A, a = 94.64 

g ~ m - ~ ,  X(Mo Ka) = 0.71069 A, ~ ( M o  Ka) = 5.70 cm-l, crystal dimensions 
0.32 X 0.45 X 0.50 mm'; 3229 unique observed structure amplitudes (I  
>2u(n) collected at  room temperature on a Philips PW 1100 diffractom- 
eter in the range 6' < 28 < 50' with the use of w/28 scanning technique. 
The structure was solved as above and refined by full-matrix least equarea 
anisotropically for all the non-hydrogen atoms. All the hydrogen atoms 
were located in a difference Fourier map and introduced as fixed con- 
tributors in the final stage of refinement. All calculations were carried 

(10) Berno, P.; Floriani, C.; Chiesi-Villa, A.; Guastini, C. Organo- 
metallics 1990,9, 1995. Veya, P.; Floriani, C.; Chiesi-Villa, A,; Guaetini, 
C. Manuscript in preparation. 
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Wilkineon, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: Oxford, 
U.K., 1982; Vol. 3, Chapter 26.1, p 930. 

(12) Alkylcarbonylmetalate anions for group 6 metals have been re- 
ported: Ellis, J. E.; Hagen, G. P. Inorg. Chem. 1977, 16, 1357. 

B = 98.04 (I)', 108.81 (I)', V = 1485.4 (3) A', Z = 2, p d d  1.374 
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