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Classical methods for the synthesis of indan-1,3-dione derivatives failed when applied to th
carbonylchromium complexes. The desired 2-substituteingan-1,3-dione)tricarbonylchromium
complexes were prepared starting from protected indan-1,3-dione derivatives such as bis(diox
and enol ethers. Tricarbonylchromium complexes of indan-1,3-dione having at least one hydrc
C-2 are unstable. Nevertheless, ethylation of 2-metfiyt{dan-1,3-dione)tricarbonylchromium an
methylation of 2-ethyl{®-indan-1,3-dione)tricarbonylchromium were possible and proceeded
high stereoselectivity.
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2-Substituted r{®-indan-1,3-dione)tricarbonylchromium derivatives have been sttidie
for their anticoagulant properties. Some derivatives, such as 2-phenylindan-1,3
(Atrambone) or 2-(diphenylacetyl)indan-1,3-dione (Diphacinone), have been us
human medicine. Some indan-1,3-dione derivatives have also rodenticide prépe
Anions derived from 2-substituted indan-1,3-diones are interesting ambident nt
philes, and their alkylation has been thoroughly stutifed

The aim of the present study has been to find methods for the synthesis of tri
nylchromium complexes of 2-substituted indan-1,3-diones and to investigate the
ions as ambident nucleophiles.

Five possible synthetic methods (A—E, Scheme 1) were chosen for the prepara
2-substitutedr{®-indan-1,3-dione)tricarbonylchromium complexes. The routes B an
are most frequently used for the synthesis of 2-substituted indan-1,3-diones wl
methods D and E are not used in the classical synthesis of these compounds.

Direct complexation of indan-1,3-dione derivatives by our méthatiich consists
in refluxing the starting material with hexacarbonylchromium in decalin, failed in n
cases. The only exception was 2-ethyl-2-methylindan-1,3-dibnthdét gave a reason
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able yield (62%) of the desired prodcas a 1.4 : 1 mixture of stereoisomers (Scheme
The isomers were separated by careful chromatography on silica gel using isohe
ethyl acetate (4 : 1) mixture as eluent. In the main isomer the ethyl grorapsso the
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Cr(CO); group as concluded from the results of alkylation of monosubstituted de
tives (vide infrg). In other cases, the reaction mixture turned green when refluxed
short time in decalin, which was an unambiguous sign of complex decompaosition
2-Substituted indan-1,3-diones are frequently prepared by Claisen condensat
dimethyl or diethyl phthalate with alkyl esters of the appropriate alkanoic’&€id@ur
unsuccessful attempts to synthesize the tricarbonylchromium complexes are
marized in Scheme 3. Complexation of dimethyl or diethyl phthalate caused no
lem, leading to compound&a and4b in high yields. Subsequent reaction with eth
acetate using-BuOK as the catalyst failed. Only tiné-tricarbonylchromium complex

COOR 4 COOR CooX
O L =
COOR COOR CoOX

Cr(CO)3 CrHCO)3

3| R 4 | R X
a Me a Me 5 K
b Et b Et 6 H

a) Cr(CO)g, decalin, A; b) 1.CH3COOEt, +BuOK, THF, refl.; 2. ag. HCI
ScHEME 3

of potassium phthalate was formed which was converted to the &idlVe assume an
S\2 reaction at the carbon atom of the alkoxy group, facilitated by the electron
drawing effect of the tricarbonylchromium moiety. Under similar conditions, Clai
condensation of ethyl tricarbonylchromiuni{benzoate) produced ethyh%ben-
zoyl)acetate tricarbonylchromium but we were not able to isolate the product i
pure state because of its decomposition. Similar experiments with mathigei-
zoate)tricarbonylchromium produced only®{benzoic acid)tricarbonylchromium. On
could speculate whether these results are due to instability of the desired com
caused by the presence of acidic hydrogen on C-2 of the indan-1,3-dione skele
due to the internal strain in this condensed system. (The C—C bonds in benzenetr
nylchromium complexes are 0.1 pm longer than in benzene.) The latter explanat
indirectly supported by similar behaviour of dimethyl thiophene-2, 3-dicarbokylate

The phthalide—indandione rearrangement (route C) is the most frequently use
proach to 2-arylindan-1,3-diones, but it was also used for the synthesis of 2-alkyli
1,3-dione derivative$—14 As we reported earli&; it is difficult to prepare a phthalide
complex which has a Cr(C@yroup on the phthalide moiety. For this reason we &
examined phthalides containing Cr(G@%cheme 4).

The 3-benzylidenephthalide to indan-1,3-dione rearrangement proceeded w
problems when the tricarbonylchromium group was bonded to the phenyl ring
2-(n8-substituted phenyltricarbonylchromium)indan-1,3-dion@a—8Q were obtained
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in high yields as deep-blue to black powders. Attempted purification by column ¢
matography on Sigled to decomposition. Phthalide comple®@asand9b reacted with
methoxide anion, but the intermediate keto ester was hydrolyzed to the fred Gecic
and10b under the work-up conditions.
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After these unsuccessful experiments we turned our attention to derivatives witl
tected groups: enol ethers and bis(dioxolanes) (routes D and E). Already at the
beginning of route D (Scheme 5) we encountered some problems. Under standal
ditions used for cyclohexane-1,3-dione enol ether syntidsisort reflux with a mix-
ture of alcohol and hydrochloric acid) we obtained a complex mixture of prod
3-Methoxy-2-inden-1-ones could be prepared by the reaction of indan-1,3-dione d
tives with diazomethaté By analogy with the publishé®iprocedure, we treatec
2-substituted indan-1,3-diones with the appropriate alcohol at reflux in the preser
toluenesulfonic acid as catalyst, using the corresponding trialkyl orthoformate &
water scavenger. This method gave good yields of the desiredl&asi$2c The syn-
thesis of 2-substituted 3-methoxy-2-inden-1-ones was not a selective reaction
these conditions either. In the preparation of 3-methoxy-2-methyl-2-inden-1-on
isolated 3,3dimethoxy-2-methyl-1-indanoné 8a) as by-product and 3;8imethoxy-
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2-ethyl-1-indanonel(3b) was even the main product of the reaction with 2-ethylind
1,3-dione.

Complexation of the enol ethers with Cr(GOY our methotlgave reasonable yield:
of complexedl4a—14d In the case of complexation of 3-ethoxy- as well as 3-methc
2-phenyl-2-inden-1-one, both the possible complexekl,(14e and 15d, 156 were
isolated in comparable yields. Small amounts (up to 2%) of bis(tricarbonylchrom

L O -
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complexesl6d and16ewere also isolated. Attempted preparation of the complex fi
3,3-dimethoxy-1-indanone failed. A mixture of approximately nine products was
tected by TLC and about 50% of the starting material was destroyed by polymeriz

Compoundl4awas smoothly hydrolyzed with a mixture oM6HCI and acetone, in
analogy to the described proceddreand the desired7awas obtained in 75% yielc
upon flash chromatography. Alkylation with ethyl iodide gave a mixture of 2-ethy
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methyl(©%-indan-1,3-dione)tricarbonylchromiun2lf) as the single stereoisomer (a
cording to'H NMR spectrum), together with tt@-alkylation productl8. The ratio of
the C- to O-alkylation products was 5 : 1. Compouh8d was hydrolyzed to give the
same product8g) as was isolated from the phthalide—indandione rearranger
(Scheme 6).
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a) Etl, KoCO3, MeoCO, r.t.
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A synthesis of bis(dioxolane) from indan-1,3-dione has been destYilbed with a
rather low yield. We therefore used a method analogous to that used for the sy
of enol ethers and reasonable yields (20-50%) of the desired bis(dioxdl@aedPc
were thus obtained (Scheme 7). Interestingly, in the preparation of bis(dioxolane)
2-ethylindan-1,3-dione the main product was the mono(dioxolane).

Complexation of dioxolanes9a—19ccaused no problems. Compourida and19b
gave mixtures of both possible stereoisomers in the ratio 2.1 : 1 and 8 : 1, respec
We assume, that in the main isomer the R groupaissto Cr(CO). Complexation of
19c (R = phenyl) resulted in two productd)c and 21, in the ratio 8 : 1, the mair
isomer having the Cr(CQ@moiety on the 2-phenyl group.

The dioxolane complexeX0a and20b were hydrolyzed with & HCl-acetone mix-
ture at 50°C. The course of the hydrolysis was monitored by TLC and the colour o
reaction mixture changed from yellow to red. Since in the usual work-up of the ree
mixture decomplexation started immediately after contact with aqueous potassiur
bonate, we omitted washing with potassium carbonate solution and dilute acid.
together with rapid work-up, gave the desired prodd@®and17b in reasonable to
good vyields. The reaction afforded only a single isomer, most probably with tl
grouptransto Cr(CO).
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Another set of complexes which we isolated were 2-alkyl-3-hydroxyeth&2x
inden-1-one)tricarbonylchromiuni®2a and 22b. Their formation pointed also to thi
fact that there is some internal strain in the desired compliesaeand17b.
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Alkylation of 2-methyl®-indan-1,3-dione)tricarbonylchromium with ethyl iodid
resulted in formation of both tHé- andO-alkylation produca and18in the ratio 5 : 1.
In the alkylation of 2-ethyt{®-indan-1,3-dione)tricarbonylchromium with methy
iodide only theC-alkylation product was formed. These results suggest that the all
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tion is stereoselective, similarly to the addition of Grignard reagem%in¢lan-2-
one)tricarbonylchromiur?.

EXPERIMENTAL

Melting points were measured on a Kofler hot stage and are uncorr8dt&tMR spectra §, ppm;
J, Hz) were recorded on a 80 MHz Tesla 487 A instrument with gBCkolvent and tetramethylsi
lane as internal standard.

3-[n8-(p-Methoxybenzylidene)]tricarbonylchromium phthalideb), (n®-3-ethylindenephthalide)tri-
carbonylchromium 9a), [3-(3,5-difluorobenzylidene)@-phthalide)]tricarbonylchromium9p) as well
as 3-(8-benzylidene)tricarbonylchromium phthalidés] were prepared according to fé&f.2-Methyl-,
2-ethyl- and 2-phenylindandiond 1a—113 were prepared as describgd’ All experiments were
carried out under dry argon atmosphere.

Complexation of the ligands was performed using the deséribethod and afforded complexe
2a, 2b, 44, 4b, 133 14a—14e 15d, 15¢ 16a 16d, 20a—20¢ and21.

2-Ethyl-2-methylindan-1,3-dionel)

Sodium metal in small pieces (2.3 g, 0.1 mol) was dissolved in absolute ethanol (100 ml). 2-V
indan-1,3-dione (11.3 g, 0.07 mol) was added and the rection mixture was refluxed. Ethyl
(15.6 g, 0.09 mol) was slowly added and the mixture was refluxed for another 6 h. The solutic
filtered and concentrated to a half and water (10 ml) was added. The product, 2-ethyl-2-methy|
1,3-dione 1), was isolated as white crystals (6.58 g, 50%), m.p. 45€A7For G,H;,0, (188.2)
calculated: 76.57% C, 6.42% H; found: 76.72% C, 6.39%HHNMR spectrum: 0.74 t, 3 H (G}
1.27 s, 3 H (CH); 1.87 q, 2 H (CH); 7.85-8.0 m, 4 H (§H,).

Attempted Preparation ofjf-Indan-1,3-dione)tricarbonylchromium from 1,2-Bis(methoxycarbony
n®-benzene)tricarbonylchromiurd)(

Complex4 (0.5 g, 2.5 mmol) and ethyl acetate (0.22 g, 2.5 mmol) were dissolved in dry THF (2(
Potassiuntert-butoxide (0.4 g, 3.6 mmol) was added and the reaction mixture was refluxed for
Potassiumr{-benzene)tricarbonylchromium-1,2-dicarboxylat (0.9 g, 95%), which deposited as
yellow solid, was collected on filter and washed with diethyl ether. It was dissolved in water (2
and the solution was acidified with hydrochloric acid. The precipitatgb¢nzene)tricarbonylchro-
mium-1,2-dicarboxylic acid6) was filtered and dried at 40C/133.3 Pa. Yellow solid, m.p. 16@
(0.65 g, 80%). For GHgCrO; (302.2) calculated: 43.73% C, 2.00% H; found: 43.87% C, 1.95%
IH NMR spectrum: 5.73-6.05 m, 4 H J&,Cr(CO)); 8.69 s, 2 H (COOH).

2-(n8-Phenyltricarbonylchromium)indan-1,3-dior®s)

3-(n8-Benzylidenetricarbonylchromium)phthalide (0.5 g, 1.4 mmol) was added to a solution ©
dium methoxide prepared from Na (0.1 g) and dry methanol (20 ml). After reflux for 2 h, the
tion mixture was cooled to room temperature and neutralized withH&CI. The product was
extracted into diethyl ether, the ethereal solution was washed with water, dried over anh
Na,SO,, filtered and concentrated till 2}¥-phenyltricarbonylchromium)indan-1,3-dione started
separate. Deep-red crystals (0.45 g, 90%), m.p.°C80For GgH;,CrO; (358.3) calculated: 60.34% C
2.80% H; found: 60.14% C, 2.95% HH NMR spectrum: 4.01 s, 1 H (CHPh); 5.32 m, 3
(ArCr(CQO),); 5.62 m, 2 H (ArCr(CQ); 8.00 m, 4 H (GH, — a doublet at 7.98] = 6 can be distin-
guished).
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2-(n®%-4-Methoxyphenyltricarbonylchromium)indan-1,3-dior@b)

The title compound was prepared in a 54% yield frorm®4tmethoxybenzylidenetricarbonylchro
mium)phthalide by the same procedure as described above. Black crystals, m.g.C>3odr
CygH;,CrO; (388.3) calculated: 58.77% C, 3.11% H; found: 58.34% C, 3.58%{HNMR spectrum:
3.70 s, 3 H (OCH); 3.92 s, 1 H (CHAr); 5.05 d, 2 Hl = 7 (ArCr(CO)); 5.84 d, 2 HJ =7
(ArCr(CQO)); 7.97 m, 4 H (gH, — a doublet at 7.97 = 6 can be distinguished).

2-(n®-3-Fluorophenyltricarbonylchromium)indan-1,3-dior8e)(

The title compound was prepared in a 62% vyield fronm®B3flurobenzylidenetricarbonylchro-
mium)phthalide by the same procedure as described above. Deep-red crystals, m.fC.>B60

C1gHoCrFQ; (367.2) calculated: 58.87% C, 2.47% H; found: 59.11% C, 2.64%HIMR spectrum:

3.80 bs, 1 H (ArCr(CQ); 4.27 bs, 3 H (ArCr(CQ); 8.80 m, 4 H (GH,, doublet at 7.99] = 6 can

be distinguished).

n®-(2-Propionylbenzene)tricarbonylchromiumcarboxylic Acidd)

The rearrangement af8-(2-ethylidenephthalide)tricarbonylchromium was performed by the sz
procedure as described above. After acidification of the reaction mixture, the methanol was
rated and the product extracted into chloroform. Evaporation of the chloroform gave red cr
(23%) of n%(2-propionylbenzene)tricarbonylchromiumcarboxylic aciddd), m.p. 170°C. For

Cy3H14Cr0; (314.2) calculated: 49.69% C, 3.22% H; found: 49.34% C, 3.19%{HNMR spectrum:

1.20 bt, 3 H (CH); 2.12 bs, 1 H (COOH); 2.80 bqg, 2 H (§H5.37 m, 2 H (ArCr(C0Oy); 5.90 m,

2 H (ArCr(COy).

2-(3,5-Difluorophenylacetyly(®-benzene)tricarbonylchromiumcarboxylic Acitiop)

The title compound was prepared in 63% yield from 3-(3,5-difluorobenzylidghaphthalide)tricar-
bonylchromium 9b) by the same procedure as described above. Black solid, m.p.°€36Bor
C1gHgF,CrO; (394.3) calculated: 54.84% C, 2.05 % H; found: 55.32% C, 2.15%HHNMR spec-
trum: 3.70 bs, 1 H (COOH); 4.22 s, 2 H (COgH5.70 m, 2 H (ArCr(CO); 5.97 m, 2 H
(ArCr(CO),); 6.37 m, 1 H (GH3F,); 6.82 m, 2 H (GH3Fy).

3-Methoxy-2-methyl-2-inden-1-ond 239

2-Methylindan-1,3-dionel(1a (1.5 g, 0.01 mol) and trimethyl orthoformate (3.2 g, 0.03 mol) w
dissolved in methanol (20 mlp-Toluenesulfonic acid (100 mg) was added and the reaction mix
was refluxed for 3 h. The mixture was then poured into crushed ice, the organic material w
tracted into diethyl ether, and the ethereal solution was washed with cold NadD@on and dried
over anhydrous N&O,. The solvent was evaporated, and the oily residue (1.8 g, 95%) was cr
lized from diethyl ether—isohexane (nearly pure isohexane). The yellow crysfdinen.p. 79-81°C,
was isolated in 75% yield. For;@,,0, (174.2) calculated: 75.84% C, 5.80% H; found: 76.05%
5.89% H.'H NMR spectrum: 2.01 s, 3 H (GH 4.24 s, 3 H (OCH); 7.05-7.44 m, 4 H (§,). As
the second product we isolated 3,3-dimethoxy-2-methylindan-148®, (m.p. 69-74°C (20%). For
C1,H1405 (206.25) calculated: 69.88% C, 6.84% H; found: 69.82% C, 7.03%{HNMR spectrum:
1.35d,3HJ=8(CH); 293 g, 1 H (CH); 3.33 s, 3H (OGH 3.42 s, 3 H (OCk); 7.50-7.84 m,
4 H (GHa).
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2-Ethyl-3-methoxy-2-inden-1-oné.2b)

The reaction was carried out as described above, starting from 2-ethylindan-1,34dibn€2( g,

0.01 mol) and trimethyl orthoformate (3.2 g, 0.03 mol). The yellow oily product (1.6 g; 70%)
purified by column chromatography to give oily 2-ethyl-3-methoxy-2-inden-1-d8b) (20%). For
Cy,H;40, (188.2) calculated: 76.61% C, 6.38% H; found: 76.45% C, 6.22%HHNMR spectrum:
1.11t, 3 H (CH); 2.45 g, 2 H (CH); 4.22 s, 3 H (OCH); 7.07-7.25 m, 4 H (§,). As the second
product we isolated 2-ethyl-3,3-dimethoxyindan-1-oh8bj (oil, 50%). For G;H605 (220.3) calcu-
lated: 70.09% C, 7.38% H; found: 70.82% C, 6.94%HHNMR spectrum: 1.11t, 3 H (G} 1.75 m,

2 H (CH,y); 2.93t, 2 H (CH); 3.32s, 3H (OGH 3.65 s, 3 H (OCH); 7.26-7.70 m, 4 H (§H,).

3-Ethoxy-3-ethyl-2-inden-1-onel 20

2-Ethylindan-1,3-dione1(lb; 4.5 g, 26 mmol) was dissolved in absolute ethanol (50 ml). The s
tion was saturated with gaseous HCI and left to stand at room temperature for 60 h. Hyc
chloride was then neutralized with NaOH (5 pellets) and ethanol was evaporated under r
pressure. The residue was dissolved in diethyl ether and the solution was washed with 30%
The ethereal solution was dried over anhydrousSii filtered and the solvent evaporated. The r
maining yellow oil was flash-chromatographed on an,Si@umn in isohexane—ether (1 : 2). Th
obtained yellow oil was crystallized from ether—isohexane to give the product (2 g; 46%), m.p’@6-
For C3H,40, (202.2) calculated: 77.20% C, 6.93% H; found: 77.32% C, 6.729%HHNMR spec-

trum: 1.15t, 3 H (Ch); 1.48 t, 3 H (CH); 240 g, 2 H (CH); 452 g, 2 H (OCH); 7.25 m, 4 H

(CeHa).

3-Methoxy-2-phenyl-2-inden-1-ond Zd)

The reaction of 2-phenylindan-1,3-diongl¢ 1.3 g, 6 mmol) and trimethyl orthoformate (3.2 ¢
30 mmol) gave 1.5 g (90%) of yellow crystalline product, m.p. 78@1(ether—isohexane). Fol
Ci6H120, (236.2) calculated: 81.36% C, 5.08% H; found: 81.48% C, 5.20%HHNMR spectrum:
3.87 s, 3 H (OCk); 7.20-7.54 m, 9 H (g, + CzHs).

3-Ethoxy-2-phenyl-2-inden-1-ond 2¢

The reaction was carried out as described above. Starting from 2-phenylindan-1,3tdiprie 10 g,
5 mmol) and triethyl orthoformate (3.5 g, 30 mmol), yellow crystalline material (0.7 g; 56.5%)
isolated; m.p. 69-70C. For G;H,0, (250.2) calculated: 81.61% C, 5.64% H; found: 81.49%
5.71% H.'H NMR spectrum: 1.28 t, 3 H (GH 4.13 g, 2 H (CH); 7.52 m, 9 H (GH, + CgHs).

1,3-Bis(ethylenedioxy)-2-methylindai4a)

A solution of 2-methylindan-1,3-diond.1a 1.5 g, 10 mmol), ethylene glycol (4.8 ml), trimethyl ol
thoformate (3.2 g, 30 mmol) amEtoluenesulfonic acid (300 mg) in chloroform (20 ml) was reflux
for 24 h. After cooling to room temperature, chloroform (100 ml) was added, the solution we
tracted with 20% NaOH (% 50 ml), dried over N&O,, filtered and the solvent was evaporate
Crystallization from diethylether—isohexane gave white crystals (1.5 g; 50%), m.p. 97€9&%r
C14H160, (248.2) calculated: 67.73% C, 6.49% H; found: 67.92% C, 6.32%HHNMR spectrum:
1.10d,3HJ=7(CH); 2.72 q, 1 H (CH); 417 m, 8 H (OG}H 7.35 s, 4 H (GH,).
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1,3-Bis(ethylenedioxy)-2-ethylindari gb)

The compound was prepared from 2-ethylindan-1,3-digfb; (1.5 g, 8 mmol), ethylene glycol (2 ml)
TsOH (250 mg) and trimethyl orthoformate (3.2 g, 30 mmol) as describeéd®#oiyield 0.4 g (20%)
of white crystals, m.p. 90-9Z (diethyl ether). For GH;50, (262.3) calculated: 68.68% C, 6.92% F
found: 68.43% C, 6.87% HH NMR spectrum: 1.05t, 3 H (G} 1.68 g, 2 H (Ch); 2.61 t, 1 H (CH);
4.16 m, 8 H (OCH); 7.33 bs, 4 H (gH,).

1,3-Bis(ethylenedioxy)-2-phenylindad 9c)

The experiment was carried out as described above. Reaction of 2-phenylindan-1,3-tip@el (g,

0.01 mol), ethylene glycol (4.8 ml) and trimethyl orthoformate (2.4 g, 20 mmol) afforded 2
(72%) of 1,3-bis(ethylenedioxy)-2-phenylindah9¢) as white crystals, m.p. 152-15€. For

CygH;150, (310.3) calculated: 73.63% C, 5.82% H; found: 73.81% C, 5.62%HHNMR spectrum:

3.52s,1H(CH); 3.67m, 4 H (OG}14.05 m, 4 H (OCH); 7.32 m, 5 H (GH5).

Complexation of Compounds 3, 12, and19

Direct complexation was carried out by heating indandibnalkyl phthalates3, indenonesl2 and
dioxolanes19 with hexacarbonylchromium in decalin for 0.5-3.5 h according t6. ref.

2-Ethyl-2-methyl%-indan-1,3-dione)tricarbonylchromiur2d, 2b)

Complexation of indandioné afforded a mixture oRa and 2b as yellow-orange crystals in 62%
yield. For GsH,,CrOs (324.2) calculated: 55.56% C, 3.72% H; found: 56.19% C, 3.74% H. Catr
chromatography afforded:

2a (threo), m.p. 78-79C. *H NMR spectrum: 0.83 t, 3 H (G) 1.39 s, 3 H (CH); 1.87 g, 2 H
(CH,); 5.62 d,J = 8 and 5.62 dJ = 3, 2 H (Ar(Cr(CO)); 592 d,J=8 and 592 dJ) =3, 2 H
(ArCr(CQOY)).

2b (erythrg), m.p. 121-123C. *H NMR spectrum: 0.96 t, 3 H (G} 1.30 s, 3 H (CH); 1.87 q,
2 H (CH,); 5.62 d,J =8 and 5.62 dJ = 3, 2 H (ArCr(C0)); 5.92 d,J=8 and 592 dJ=3, 2 H
(ArCr(CQOY),).

Dimethyl (18-Benzene)tricarbonylchromium-1,2-dicarboxylasie)(

Complexation of3a afforded 4a in 73% vyield as deep-red crystals, m.p. 58.5-5%C5 For
Cy3H;14Croy (330.2) calculated: 47.28% C, 3.05% H; found: 47.10% C, 3.01%{HNMR spectrum:
3.90 s, 6 H (OCH); 5.35 m, 2 H (ArCr(CQ); 5.65 m, 2 H (ArCr(CO) Besancoft obtained this
compound in 55% yield.

Diethyl (n8-Benzene)tricarbonylchromium-1,2-dicarboxyladd)

Complexation of3b afforded4b (82%) as deep-red crystals, m.p. 51682 For GsH;,CrO; (358.3)

calculated: 52.28% C, 3.94% H; found: 54.49% C, 3.97%HNMR spectrum: 1.36 t, 6 H (G}

4.34 q, 4 H (OCH); 5.40 bs, 2 H (ArCr(CQ); 5.67 bs, 2 H (ArCr(CQ).
3-Methoxy-2-methylf-(2-inden-1-one)]tricarbonylchromiuni4a)

Complexation ofl2a afforded14a (25%) as violet crystals, m.p. 142-146. For G4H,,CrOs
(310.2) calculated: 54.20% C, 3.24% H; found: 54.37% C, 3.26%IHNMR spectrum: 2.03 s, 3 H
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(CHg); 4.21 s, 3 H (OCH); 5.30 m, 1 H (ArCr(CQ); 5.54 d, 2 HJ = 4 (ArCr(CO}); 6.02 d, 1 H,
J = 6 (ArCr(COY}).

2-Ethyl-3-methoxyfj-(2-inden-1-one)]tricarbonylchromiund 4b)

Complexation ofl2b afforded14b (22%) as violet crystals, m.p. 132-136. For GgH,,CrOs
(324.0) calculated: 55.56% C, 3.72% H; found: 55.94% C, 3.80%{HNMR spectrum: 1.12 t, 3 H
(CHy); 2.46 g, 2 H (OCH); 4.18 s, 3 H (OCH; 5.25 m, 1 H (ArCr(CO); 550 m, 2 H
(ArCr(CO),); 6.00 d, 1 HJ = 6 (ArCr(COY).

2-Ethyl-3-ethoxyfi®-2-inden-1-one)tricarbonylchromium4q

Complexation ofl2c afforded 14c (18%) as violet crystals, m.p. 125-12€. For GgH4CrOg
(338.1) calculated: 56.80% C, 4.14% H; found: 56.53% C, 4.13%4HNMR spectrum: 1.10 t, 3 H
(CHy); 1.46t, 3H (CH); 2.41 g, 2 H (CH); 4.46 q, 2 H (OCHK); 5.30 m, 1 H (ArCr(CQ); 5.52 m,
2 H (ArCr(CO)); 5.61 d, 1 HJ = 6 (ArCr(CO)).

Complexation of compoundi2d afforded a mixture ofi4d (39%), 15d (39%), and16d (2%).
3-Methoxy-2-phenyl{®-(2-inden-1-one)]tricarbonylchromiunl4d), brown crystals, m.p. 165C
(dec.). For GgH.,CrOs (372.3) calculated: 61.29% C, 2.97% H; found: 60.73% C, 3.20%HH.
NMR spectrum: 3.79 s, 3 H (OGH 5.41 t, 1 H (ArCr(C0O)); 5.62't, 1 H (ArCr(COy; 5.61 d, 1 H,

J = 6 (ArCr(CO})); 6.10 d, 1 H,J = 6 (ArCr(CO)); 7.35 bs, 5 H (gHs).

3-Methoxy-2-45-phenyltricarbonylchromium)-2-inden-1-ongl5d), violet crystals, m.p. 153.4-
154.5°C. For GgH;,CrOs (372.3) calculated: 61.29% C, 2.97% H; found: 61.08% C, 3.28%HH.
NMR spectrum: 4.45 s, 3 H (OGH 5.36 m, 3 H (ArCr(CQ); 6.12 m, 2 H (ArCr(COy); 7.46 m,
4 H (GH,).

3-Methoxy-244®-phenyltricarbonylchromiumj{f-(2-inden-1-one)]tricarbonylchromiunil6d), black-violet
crystals, m.p. 137-142C (dec.). For gH;,Cr,Og (508.3) calculated: 51.98% C, 2.38% H; foun
51.54% C, 2.41% HH NMR spectrum: 4.25 s, 3 H (COG}5.37 m, 3 H (ArCr(CQ); 5.55 m, 2 H
(ArCr(CO),); 5.95 m, 4 H (ArCr(CQ).

Complexation of compounti2e afforded a mixture ol4e (21%), 15e(12%), andl6e (2%).

3-Ethoxy-2-phenyi{’-(2-inden-1-one)]tricarbonylchromiurgl4e, brown crystals, m.p. 115-1FT.
For C,oH;,CrOs (384.4) calculated: 62.17% C, 3.65% H; found: 62.90% C, 3.529%{HNMR spec-
trum: 1.25 t, 3 H (CH); 4.04 g, 2 H (OCH); 5.30 dt, 1 H (ArCr(CQ); 5.57 m, 2 H (ArCr(COy);
6.10 d, 1 H,J = 5 (ArCr(CO)); 7.35 bs, 5 H (gHs).

3-Ethoxy-2-(8-phenyltricarbonylchromium)-2-inden-1-orf&5e), violet crystals, m.p. 152—154.
For C,oH;4CrOs (384.4) calculated: 62.17% C, 3.65% H; found: 61.88% C, 3.44%{HNMR spec-
trum: 1.62 t, 3 H (CH); 4.79 q, 2 H (OCH); 5.37 m, 3 H (ArCr(CQ); 6.14 dd, 2 HJ =7
(ArCr(CO),); 7.40 bs, 4 H (gH,).

3-Ethoxy-2-5-phenyltricarbonylchromiumji®-(2-inden-1-one)]tricarbonylchromium(16€), black-
violet crystals, m.p. 137-14%C. For G3H;4Cr,0Og (520.4) calculated: 53.08% C, 2.51% H; foun
53.39% C, 2.78% HH NMR spectrum: 1.59t, 3 H (GM 4.50 g, 2 H (OCH); 5.25-6.21 m, 9 H
(ArCr(CQOY)).

1,3-Bis(ethylenedioxy)-2-methyif-indan)tricarbonylchromium2Qa)

Complexation ofl9a afforded20a (71%) as yellow crystals, m.p. >16€ (dec.). For ¢HsCrOg
(384.3) calculated: 53.15% C, 4.19% H; found: 52.75% C, 4.15%IHNMR spectrum: 1.07 m (two
overlapped t), 3 H (C); 2.38 g, 0.33 H (CHR); 2.90 g, 0.66 H (CHR); 4.16 bs, 8 H (9CH30 bs,
2 H (ArCr(CO)); 5.43 bs, 2 H (ArCr(CQ).
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1,3-Bis(ethylenedioxy)-2-ethyif-indan)tricarbonylchromium2Qb)

Complexation of19b afforded20b (82%) as yellow crystals, m.p. 184-186. For GgH;,CrOg
(398.3) calculated: 54.27% C, 4.55% H; found: 54.64% C, 4.61%4HNMR spectrum: 1.02 t, 3 H
(CHg); 1.62 m, 2 H (CH); 2.13 t, 0.05 H (CHR); 2.75 t, 0.95 H (CHR); 4.18 bs, 8 H (9CHBL.27 bs,
2 H (ArCr(CO)); 5.34 bs, 2 H (ArCr(CQ). Crystallization from isohexane gave single maj
isomer (2.75 t, 1 H (CHR)).

Complexation ofL9c afforded a mixture oR0c (24%) and21 (6%).

1,3-Bis(ethylenedioxy)-2-phenyftindan)tricarbonylchromium(200), yellow crystals, m.p. >150C
(dec.). For GH;4CrO;, (446.4) calculated: 59.19% C, 4.06% H; found: 59.01% C, 4.12%HNMR
spectrum: 3.50 m, 4 H (OGH 3.80 s, 1 H (CH); 4.07 m, 4 H (OG}i 5.25 m, 2 H (ArCr(CO));
5.42 m, 2 H (ArCr(CQO); 7.35 m, 3 H (GHs); 7.57 m, 2 H (GH5).

1,3-Bis(ethylenedioxy)-Rf-phenyltricarbonylchromium)indag21), yellow crystals, m.p. 188C
(dec.). For GH;4CrO;, (446.4) calculated: 59.19% C, 4.06% H; found: 58.92% C, 4.23%IHNMR
spectrum: 4.15-4.30 m, 9 (OGH CHPh; app. triplet at 4.28); 5.17 t, 2 H (ArCr(GR)%.43 d, 1 H,
J = 6 (ArCr(CO}Y); 5.73 d, 2 H,J = 6 (ArCr(CO}); 7.39 s, 4 H (gH,).

Hydrolysis of Enol Ethers and Bis(dioxolanes) Derived from 2-Substitafgth@an-1,3-dione)tri-
carbonylchromium. General Procedure

The appropriate starting compound (1 mmol) was dissolved in a 2 : 1 mixture of acetddE+g5 ml)
and the reaction mixture was stirred at 40260 The course of the reaction was followed by TL
After the reaction was over (10 min—2 h), the mixture was poured into ice-water and the produ
extracted into diethyl ether. The ethereal solution was washed with water. The pH of the a
washings should be about 4.5, as the product was soluble in water=a¥ mhd would decompose
The ethereal solution was dried over magnesium sulfate, the solvent was evaporated and the
was flash-chromatographed on an S@lumn in isohexane—ethyl acetate.
2-Methylf8-indan-1,3-dione)tricarbonylchromiurl7a).

Method A Prepared by hydrolysis of (2-methyl-3-methm&2-inden-1-one)tricarbonylchromium
(148 (time of hydrolysis 10 min) in 75% yield as red crystals, m.p. i@5dec.). For ¢HgCrOg
(296.2) calculated: 52.71% C, 2.72% H; found: 52.46% C, 2.70%{HNMR spectrum: 1.45 d, 3 H
(CHy); 2.95 g, 1 H (CH); 5.66 bs, 2 H {8,Cr(CO)); 5.91 bs, 2 H (gH,Cr(CO),).

Method B Prepared by hydrolysis of 1,3-bis(ethylenedioxy)-2-metifyigdan)tricarbonylchro-
mium (03 (time of hydrolysis 2.5 h) in 77% yield and was identical with the material from
previous experiment. The second chromatographic band gave 2-methyl-3-(2-hydroxyeghaxy)
inden-1-one)tricarbonylchromiun2a) (4%) as a red oil. For 6H;,CrOz (340.2) calculated:
53.11% C, 3.27% H; found: 53.28% C, 3.31%*H.NMR spectrum: 1.99' s, 3 H (GH4.00t, 2 H
(OCH,); 455, 2 H (OCHh); 5.30 m, 1 H (@H,Cr(CO),); 5.33 d, 2 HJ = 3 (GH,Cr(CO),); 6.03 d,
1 H,J =6 (GH,Cr(CO)).

2-Ethyl{n®-indan-1,3-dione)tricarbonylchromiunil7b). Prepared by hydrolysis of 1,3-bis(ethyle
nedioxy)-2-ethyl§8-indan)tricarbonylchromium2Qb) (time of hydrolysis 2 h) in 15% yield as a re
semisolid material. For gH,,CrOs (310.3) calculated: 54.19% C, 3.25% H; found: 54.62%
3.32% H.'H NMR spectrum: 1.12 t, 3 H (G} 2.00 g, 2 H (CH); 2.95t, 1 H (CH); 5.62m, 2 H
(CgH4Cr(CO)); 5.90 m, 2 H (GH,Cr(CO)).

2-Ethyl-3-(2-hydroxyethoxy)f-2-inden-1-one)tricarbonylchromiuni22b) was isolated from the
second band in 3.5% yield; red crystals, m.p. 103.5-ID5For GgH,4CrOq (354.2) calculated:
54.40% C, 3.70% H; found: 54.23% C, 4.13%'H.NMR spectrum: 1.17 t, 3 H (Gj 1.62 bs, 1 H
(OH); 247 g, 2 H (CE); 4.06 t, 2 H (OCH); 452 t, 2 H (OCH); 5.32 m, 1 H (gH,Cr(CO),); 5.62 app d,
2 H (GH,Cr(CO)); 6.03 d, 1 HJ = 6 (GH,Cr(CO)).

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



492 Hrnciar P., Hrnciar P., Gajda, Svanygova, Tom

2-Phenyl®-indan-1,3-dione)tricarbonylchromiur@l 7d). Prepared in 84% yield by hydrolysis o
3-methoxy-2-phenyi{®-2-inden-1-one)tricarbonylchromiuni4d) (time of hydrolysis 1.45 h); deep:
blue crystals, m.p. 158C (dec.). For GH,,CrOs (358.2) calculated: 60.34% C, 2.81% H; foun
60.45% C, 2.93% H'H NMR spectrum: 3.79 s, 1 H (CH); 5.37 bt, 1 H{QCr(CO)); 5.70 m, 2 H
(CgH,Cr(COY); 6.12 bt, 1 H (gH,Cr(CO)); 7.35 bs, 5 H (gHx).

2-(n®-Phenyltricarbonylchromium)indan-1,3-dior(8a).

Method A Prepared in 90% yield by hydrolysis of 3-methoxyrS-phenyltricarbonylchromium)-
2-inden-1-one 15d) (time of hydrolysis 5 min) and was identical with the material obtained by r
rangement of 3r(®-benzylidenetricarbonylchromium)phthalid@aj (see above).

Method B Prepared in 90% yield by hydrolysis of 1,3-bis(ethylenedioxy)&2ghenyltricarbo-
nylchromium)indan Z1) (time of hydrolysis 1.45 h); identical with the product prepared fidid
(vide supra.

Alkylation of 2-Alkyl(n8-indan-1,3-dione)tricarbonylchromium. General Procedure

Potassium carbonate (830 mg, 6 mmol) was added to a solution of the appropriate starting col
(0.3 mmol) in dry acetone (15 ml). The mixture was set aside at room temperature and the r
course was followed by TLC. After no starting material was observed, the mixture was poure
water and the product was extracted into diethyl ether. The ethereal solution was washed wit!
and dried over sodium sulfate. After evaporation of the solvent, the residue was subjected t
chromatography on an Sj@olumn in isohexane—ethyl acetate.
2-Ethyl-2-methyi{8-indan-1,3-dione)tricarbonylchromiur(a). Prepared in 40% vyield by alkyla:
tion of 2-methyl§%-indan-1,3-dione)tricarbonylchromiumi{a with ethyl iodide; red crystals, m.p
78-79°C, identical with the product of complexation of 2-ethyl-2-methylindan-1,3-didneApaly-
tical and NMR data are given on p. 489. The second product isolated was 3-ethoxy-2rhethy
inden-1-one)tricarbonylchromiumli®) (8%); red crystals, m.p. 137C. For GsH;,CrOs5 (324.2)
calculated: 55.60% C, 3.73% H; found: 55.87% C, 3.83%HHNMR spectrum: 1.45 t, 3 H (G}
1.99 s, 3 H (CH); 452 g, 2 H (CH); 532 m, 1 H (GH,Cr(CO)); 5.55 d, 2 H,J = 3
(CgH4Cr(CO)); 6.00 d, 1 HJ = 6 (GH,Cr(CO),).
2-Ethyl-2-methyi¢8-indan-1,3-dione)tricarbonylchromium(2b). Prepared by alkylation of 2-
ethyl(n®-indan-1,3-dione)tricarbonylchromiund {b) with methyl iodide in 50% vyield; red crystals
m.p. 121-123C, identical with the product of complexation of 2-ethyl-2-methylindan-1,3-ditpe
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