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COORDINATION SYNTHESIS ON METAL CENTERS

II*. REACTION OF ¢-BONDED ORGANOCHROMIUM COMPOUNDS WITH
CARBOXN MONOXIDE, SOME KETOXNES, ANXD A 3-DIKETONE

R. P. A. SXEEDENXN, T. F. BURGER"" axp H. H. ZEISS (WITH A. ANDERES)
Monsasito Research S.A., Zurich (Switzerland)
{Received May Sth, 1965)

Previous work on the reactions of ¢-bonded organochromium compounds with
disubstituted acetvlenes® has led to the conclusion that these could be rationalized?
on the assumption that the organochromium compound acted as a coordination
center for these syntheses. In some cases the group attached to chromium participated
in the formation of the preducts. This concept has also been used in interpreting? the
course of the Job~Cassal reaction3. It was therefore of interest to study the reaction
of ¢g-bonded organochromium compounds with carbon monoxide and some ketones.

In tetrahvdrofuran, carbon monoxide reacts smoothly with solvated triphenyl-
chromium to give an almost quantitative yield (based on phenyl groups introduced)
of benzopinacel. This result contrasts sharply with the product mixture?, consisting of
some fourteen organic compounds, chromium hexacarbonyvl and:r-bis-arene-chromium
complexes, obtained when carbon monoxide is passed through a reacfrng solniion of
phenvimagnesium bromide and chromium(III) chloride {Job—Cassal conditions). In
analogyv to the “‘carbonvl! insertion™ reactions undergone by other organometallic
compounds, for instance?:

RCH-CR'CH.Co{CU}, —22_, RCH=CR'CH,COCo:CO},PPh
2 L 3 v 3 3

it is suggested that the initial step is “‘carbonyl insertion’’ to give a species containing
one or more “‘benzovl groups” coordinated to chromium. In an intra- or inter-
molecular reaction two of these “benzoy! groups” can dimerize and undergo phenyl-
ation to benzopinacol.

Pa,CriTHF); —2— (PhCO}nPhyn-Cr{THF); —<» Ph,C{OH)-C{OH)Ph,

Triethvichromium undergoes reaction with diethyl ketone, both when the latter
is present in the stoichiometric quantity or in excess to give triethylcarbinol and a
compound, C,.H..0,. The latter underwent acid cleavage to diethyl ketene, identified
as its 2,g4-dinitrophenylhydrazone. This reaction, which is typical of 1,3-diols®.¢
suggested that the substance is y-methyvl-3,5-diethvi-3,5-heptanediol {(1), R =
CH.CH.- . This was confirmed by a direct comparison with an authentic specimen

* For Part I, see ref. 1.
** Present address, Badische Anilin- & Soda-Fabrik, Ludwigshafen/Rhein, Germany.
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prepared by the action of ethyvlmagnesium bromide on the known 3-ethyl-3-hvdroxy-
4-methyvl-5-heptanone® (2}.
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In tetrahydroifuran, solvated triphenvichromium acts upon diethyi ketone to
give, phenyvldiethylcarbirol and a crystalline diol, C,;H.s0.; noz-bis-arene-chromium
complex was formed. The crystalline diol underwent acid cleavage to propiophenone,
identified as its 2, y-dinitrophenvihyvdrazone; its infra-red spectrum indicated the
presence of strongly hvdrogen-bonded hvdroxyl groups and at least one aromatic
ring; its very complex NMR spectrum showed the presence of aromatic protons
(8 = 7.25, mulitiplet), a single proton (O-H) {4 = 3.35, singlet), methvlene groups
{6 = 1.3 to 2.5, multiplet), and methvl groups (¢ = 0.3 to 1.3, multiplet). All the above
data confirm that the diol is in fact 5-ethvl-j-methyl-3-phenyi-3.5-heptanediol
{(z), R = C H; . In this reaction almost all the phenyl groups present in the original
triphenvichromium are accounted for in the products.

Solvated triphenyvichromium undergoes reaction with cyclohexanone, in tetra-
hvdrofuran solution, to give: (f) r-phenvicyvclohexanol, identified by a direct com-
parison with an authentic specimen, (i} a crvstalline diol C; H 0., and {::1) 2-cvclo-
ilexenvicyvelohexanone; no z-bis-arene-chromium complex was formed. In analogv
with the foregoing reactions, the diol is probably 1-phenyvl-z-{1-hyvdroxycyvclohexyl)-
cyvclohexanol. This structure is supported by the NMR and infra-red spectra (see
ExpeErDiExTAL). Furthermore, since the absorption bands due to hydrogen-bonded
and non-hvdrogen-bonded hyvdroxyl groups (3460 and 3605 cm™1!) are present even in
very dilute solution, the diol has probably the conformation shown in (3). Again
in this reaction, almost all the phenyl groups present in the original triphenyvl-
chromium are accounted for in the products.

The above results clearly illustrate the difference between the reactions of
organomagnesium and organochromium compounds. The former can act either as a
source of allkcyl or aryl groups, ¢.2. with ketones they give® the corresponding carbinols
or they can act as conventional organic bases, .¢. they effect the self-condensation®
of ketones. The organochrominum compounds on the other hand not omiy bring about
the seif-condensation of the ketone but also act, at the same time, as a source of alkyl
or aryl groups. Thus in the experiment with cyclohexanone. the formation of 2-cyvclo-
hexenylcyclohexanone is evidence of the organochromium compound acting as a
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“coupling center”’. The fact that in the same reaction, all the phenyl groups introduced
in the organochromium compound can be accounted for in the final products, indicate
that this coupling is not promoted by the organochromium compound acting as a
conventional organic base, but rather that it is the chrominm itself which acts as a
coupling center. Finally the formation, in the same experiment, of r-phenvl-2-(I-
hyvdroxycyclohexyl)cvclohexanol is clear evidence that triphenylchromium can act,
at the same time, both as a coupling cenfer and as a phenyviating agent.

The formation of all the above reaction products can be rationalized by assuming
a stepwise replacement of the tetrahydrofuran coordinated to chromium by the
ketone, followed by either alkylation or arylation, or coupling followed by alkylation
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or arylation, as shown above. Thus when no coupling occurs, phenvlation or ethvi-
ation gives the observed carbinols. Coupling of two molecules of ketone complexed to
chromium occurs with either simultaneous or subsequent phenylation or ethylation
giving the observed diols.
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In tetrahvdrofuran solution, triphenvlchromium was smoothly hydrolyzed bv
acetylacetone {a r,3-diketone) to give finally chromium tris(acetylacetonate) in
75 % vield.

EXPERIMENTAL

All operations were carried out under pure dry nitrogen. Diethyl ether and
tetrahyvdrofuran were freshly distilled from lithium aluminum hydride. NMR spectra
are for CDCl; solutions; the chemical shift 8, in ppm, is based on § (CH,),Si = o0 in
CDCl,. The chromium trichloride tristetrahyvdrofuranate ~hereafter referred to as
CrCLi THF)," was prepared as already described®.

Triphenvichromium and carbon wonoxide, in tetrahvdrofuran

A slow stream of carbon monoxide was bubbled through a stirred solution of
triphenvichromium tristetrahydrofuranate!® (from CrCl;, 6.0 g, 37.9 mmoles and
PhMgBr, 105 mmoles, 1124 ml of 0.635 N tetrahvdrofuran solution) in tetrahvdro-
furan at room temperature. \Within 10 min the temperature had risen to 42°. Afterz h
the carbon monoxide stream was stopped and the solvent removed by distillation
under reduced pressure. The dark crvstalline product was hydrolyvzed with water,
filtered, and both the residue and the aqueous laver were extracted with ether. The
aqueous layver, on treatment with sodium tetraphenyiboron gave a small quantity of a
mixture of 7-benzene-T-biphenvi-chromium(I)- and t-bis-benzene-chromium(I)-tetra-
phenyviboron!®, identified by infrared spectroscopy. The dried ethereai laver was
filtered through charcoal, evaporated, and the residue cryvstallized from isooctane to
give benzopinacol {8 g, 21.8 mmoles} m.p. and mixed m.p. 183-185°. Attempted
sublimation of the crude product, obtained in the above reaction, resulted in de-
composition to benzophenone, characterized as its 2,3-dinitrophenyihvdrazone, m.p.
and mixed m.p. 240-241°.

Tricthyvickromiunt and diethvi kefone, tn tetrahvdrofuran

(@) Molecular ratio 1:3. Diethyl ketone i25.8 g, 300 mmoles) was added (15
min) to a solution of triethvlchromium!! (from CrCl;, 19 g, 120 mmoles and C.H MgBr
3co mil in tetrahyvdrefuran) in tetrahvdrofuran (500 ml), at —20°. After r h at —20
to 07, the reaction mixture was warmed to room temperature and allowed to stand for
three davs. The solvent was removed by distillation and the product hvdrolvzed with
water, filtered, and both the residue and the filtrate washed thoroughly with ether.
Treatment of the aqueous laver with sodium tetraphenylboron gave no -z-bis-arene-
chromium/{Ii-tetraphenyviboron salts. The dried ethereal layver was evaporated and the
residue separated by distillation; the volatile fraction, b.p. up to go°/17 mm was
shown by gas-chromatographic analysis to consist of diethyl ketone (3.06 g, 35.7
mmoles) and triethvicarbinol {8.63 g, 74.5 mmoles}. The partly crystalline residue
(3.7 g} was recrystallized from pentane to give t-methvl-3,5-diethyvl-3,5-heptanediol
{0.25 g, 1.23 mmoles} m.p. and mixed m.p. 135-137".

{8} Molecular ratio 7:6. In an identical experiment with 51.6 g (6oo mmoles) of
diethvl ketone, the products were: (f} diethyl ketone (9.84 g, 114 mmoles} and tri-
ethylcarbinol (7.46 g, 64.5 mmoles), identified and estimated by vapor phase chro-
matography, (£} 4-methyl-3,5-diethvl-3,5-heptanediol (0.2 g, 1.0 mmoles), m.p. and
mixed m.p. 135-137°.
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Synthesis of g-methyl-3,5-diethvl-3,5-heptanediol

3-Ethyl-3-hvdroxy-4-methyl-5-heptanone® (8.1 g, 47 mmoles) was added drop-
wise to an ethereal solution of ethyvimagnesium bromide (200 mmoles). Following the
addition, the reaction mixture was heated under reflux for 3 h, cooled and hydrolyzed
with ammonium chloride. The organic product, isolated with the aid of ether gave
upon distillation: (¢) triethylcarbinol (3.5 g), b.p. 44-45°/12 mm, (¢z) 3-ethyl-3-
hvdroxy-4-methyvl-5-heptanone (1.8 g), b.p. ¢8-99°/12 mm, (it7) a residue, which
crvstallized from pentane to give 4-methyl-3,5-diethyl-3,5-heptanediol, (0.124 g) as
colorless needles m.p. 136-137°. (Found*: C, 71.0; H, 13.1; mol. wt., 228.0. C;,H,;0,
caled.: C, 71.2; H, 12.99,; mol. wt., 202.3.)

Acid cleavage of 4-methvl-3,5-dicthvi-3,5-icptancdiol

The crystalline diol, C,.H.sO, (0.15 g}, suspended in dilute sulfuric acid, was
heated under reflux for 1 h. After addition of ethanol (5 ml), the cool solution was
poured into excess 2,y-dinitrophenylhydrazine sulfate also in ethanol. The crude
derivative on crystallization gave the 2,4-dinitrophenylhydrazone of diethyl ketone,
m.p. and mixed m.p. 153-156°.

Triphenvichromium tristctrahyvdrofuranate with diethyl ketone

A briskly stirred suspension of triphenvichromium tristetrahydrofuranate,
from CrClLiTHF), {16 g, 42.5 mimoles) suspended in tetrahydrofuran (500 ml) and
phenvimagnesium bromide (140 ml, 129 mmoles), in tetrahvdrofuran at —30°, was
treated dropwise with freshlv distilled diethyl ketone (20 mli, 188 mmoles). The re-
action mixiure was then allowed to warm up to room temperature. After 2 h at 20°,
the solvent was removed by distillation under reduced pressure and the product
hvdrolyzed with water, filtered, botlr the residue and the filtrate being washed with
ether. Treatment of the aqueous layver with sodium tetraphenyiboron gave no =z-bis-
arene-chromium(I)-tetraphenvlboron salts. The dried ethereal laver, was evaporated
and the residue {(21.2 g} separated by distillation. The volatile component, b.p. 57-62°/
0.0I mm, {116 g, go mmoles) was shown to be phenvldietiivlcarbinol by & direct
comparison of its inira-red spectrum with that of an authentic specimen. The semi-
crystalline residue {5.87 g} was chromatographed to give traces of oily products and
5-ethyvi-g-methyl-3-phenvi-3,5-heptanediol, m.p. go—g2°, from hexane, {5.36 g, 21.4
mmoles). (Found**: C, 76.5; H, 1o.4; mol. wt., 252, C;;H,0., caled.: C, 76.75; H,
10.5 %5 ; mol. wt., 250.) v in KBr: 3300 {(OH), 1600, 1500, 705, 705 (Ph-}, 1475-1450,
11335, 1375 cm~! {CH, CH., CH3).

Acid cleavage of 5-sthyl-g-mcthyi-3-phenyi-3,5-heptancdiol

The crvstalline diol, C,;H.0., (0.5 g) was added to a solution of 2,4-dinitro-
phenvlhvdrazine {0.5 g) in methanolic sulfuric acid (15 ml). The resulting solution was
heated on the water bath for 5 min and allowed to stand at 20° for 5 h, poured into
water, and the product isolated with the aid of chloroform. Chromatography of the
crude derivative on silica gel gave the 2,4-dinitrophenvihydrazone of propiophenone
(0.1 g), m.p. 192-105°, from ethyl acetate, undepressed on admixture with an authen-
tic specimen.
_T.\I—i;roana!ysis by Schwartzkopif Microanalytical Lab., Woadside 77, New York (U.S.A).

** Microanalysis by A. Peisker, Brugg/AG., Switzerland.

J. Organametai. Chenm., 34 (1965) 307—303



402 R. P. A. SNEEDEN, T. F. BURGER, H. H. ZEISS {A. ANDERES)

Triphenvichromium tristetrahvdrofuranais with cyvclohexanone

Cyclohexanone (35 ml, 335 mmoles) was added to a briskly stirted suspension of
triphenyvichromium tristetrahydrofuranate from CrCI,{THF), (16 g, 42.5 mmoles),
and phenvimagnesium bromide (200 ml, 129 mmoles) in tetrahydrofuran: in tetra-
hvdrofuran at —30°. \When the addition was complete, the reaction mixture was
heated and stirred at 30° for 7 h. The solvent and unreacted cyclohexanone were
removed by distillation at 20°/0.01 mm, the syrupy residue triturated with dilute
sulfuric acid, and the organic material isolated with the aid of ether. Chromatography
of this crude product (35 g) gave the following compounds. (i) Biphenyl (0.7 g. 4.55
mmoles), m.p. and mixed m.p. 6¢9—70°. (#i} Substantially 2-cyclohexenvlcvclohexa-
none, b.p. So°/o.01 mm, (6.1 g, 34.2 mmoles). (Found*: C, So.z; H, 10.05. C;.H,,0
calzd.: C, 80.85; H, 10.2 2,.) Zmax in EtOH 235 my, £ 645; the infra-red spectrum was
identical to that of an authentic specimen. The semicarbazone, m.p. 18g—-1go° (from
ethyl acetate), was likewise identical with an authentic specimen, m.p. and mixed
m.p. 1Sg-160°. (Found:* C, 66.2; H, 9.1; N\, 17.8. C,3H,,;N;0 calcd.: C, 66.35; H, 9.0;
N, 17.9°%,.) (#ii}) 1-Phenylcyclohexanol (12.1 g, 65.8 mmoles}, m.p. and mixed m.p.
61-63°; the authentic specimen was prepared by the action of phenvimagnesium
bromide on cyclohexanone. {iv) 1-Phenyl-2-(1-hyvdroxyevclohexyvljeyvclohexanol, m.p.
114-116°, {from hexane) (g.03 g, 32.8 mmoles}, (Found*: C, 78.8; H, g.5. mol. wt_,
288, C;sH..0; caled.: C, 78.8; H, 9.55°,; mol. wt., 274.4) vmax In Nujol: 3320
(bcnded OH), 1600, 1495, 750, 700 cm~t {Ph-); vyax in CCl, 3605, 3460 cm™! (free and
bonded OH); é 74 (m, CgH;-), ¢ 1.5 {m, alicyclic protons).

Triphenvichromium iristefrahvdrofuranaiz with acefylacetone

Redistilled acetylacetone (34 ml, 340 mmoles) was added to a briskly stirred
suspension of triphenvichromium tristetrahydrofuranate ‘from CrCl,(THF); (16 g,
42.5 mmoles), and phenvimagnesium bromide {zo3 ml, 129 mmoles) in tetrahydro-
furan’ in tetrahvdrofuran at —30°. After the addition the reaction mixture was allowed
to warm to 207, during which time the color changed from purple to green. After2 h
at 20°, the solvent and some of the excess acetyvlacetone were removed by distillation
under high vacuum at 20°, and the residue hydrolyvzed. At this point the color changed
from green to deep purple and the product, isolated with the 2id of benzene, was
crystallized from benzene/hexane to give chromium tris{acetyvlacetonate) as deep
purple crvstals {11 g, 31.6 mmoles}, m.p. 213-215°, undepressed on admixture with
an authentic specimen!2. The infra-red spectrum of this substance was superposable
on that of an authentic specimen’=.
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SUMMARY

The products formed by the action of solvated triphenylchromium on carbon
monoxide, diethyl ketone, cyclohexanone, and acetylacetone, and by the action of
solvated triethylchromium with diethyl ketone, have been isolated and identified.
A mechanism involving coordination synthesis on chromium centers is suggested to
explain the formation of the observed products.
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