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Figure 1 .Variations of initial rate of ethylene dimerizaiton with com­

position of catalysts and evacuation temperahjre. • evacuated at 

400°C. O; equimoiar mixture catalyst of nickel oxide and titanium 

oxide.

catalyst composition in the figure. The catalytic activity for 
ethylene dimerization was determined at 20°C by a conventional 
static system following pressure change from an initial pressure 
of 280 torr. Fresh catalyst sample of 0.2g was used for every 
run and the catalytic activity was calculated as the amount of 
ethylene consumed in the initial 3 mininutes. Reaction products 
were analyzed by gas chromatography with a VZ-7 column at 
room temperature.

Different mole ratios of nickel oxide-titanium oxide were 
tested for their activities. It can be seen that the maximum rate 
is obtained at around equimolar composition. An equimolar 
coprecipitate of nickel hyroxide and titanium hydroxide was 
decomposed at different evacuation temperature and tested for 

its activity. It can be seen that the activity appears above 200°C 
reaching a maximum at 400°C. On all the catalysts of NiO- 
TiO2 treated with H2SO4, ethylene was selectively dimerized to 
n-butenes. In the composition of butenes analyzed by gas 
chromatography, 1-butene was found to predominate ex- 
culusively at the initial reaction time as compared with cis­

butene and Zrawy-butene. However, it was shown that the 
amount of 1 -butene decrerases with the elapse of reaction time, 
while the amount of 2-butene increases with that of reaction 
time. It was also observed that the specific surface area attain­
ed a maximum by the equimolar mixture of nickel oxide and 
titanium oxide, and the evacuation at 400°C. On the other hand, 
a series coprecipitated samples as well as nickel oxide, and 
titanium oxide by themselves which were not treated with H2SO4 
were nearly inactive as catalyst for ethylene dimerization. Nickel 
oxide treated with H2SO4 exhibited very low activity for ethylene 
dimerization, while titanium oxide treated with H2SO4 exhibited 
low activity for ethylene polymerization, as shown in the figure.

According to the IR spectra, the catalyst treated with H2SO4 
possessed the bidentate sulphate ion coordinated to the metal.5 
The existence of both Bronsted and Lewis acid sites was shown 
by the IR spectra of pyridine adsorbed on the catalyst. In respect 
of crystalline structure, it was different depending on the evacua­
tion temperature. They showed amorphous structure up to 
400°C, rutile and nickel titanium oxide at 450°C, rutile, anatase 
and nickel titanium oxide at 500°C, and only anatase after the 
evacuation of 55O°C.
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An Efficient Method for the Di-C-Ethylation of Ethyl Acetoacetate. Alkylation of Crowded 
Carbanions*
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Factors governing the reactivity of bimolecular nucleophilic 
substitution (5N2) reactions are well known. For example, 
dipolar aprotic solvents greatly enhances the reactivity of anionic 
nucleophiles toward neutral substrates.1 Introduction of bulkier 

groups at the reaction center of the substrate retards the reac­
tion. The reactivity of a nucleophile is greatly reduced when 
it becomes more crowded.

In this study, the ethylation of ethyl acetoacetate anion 
(EAA~) with ethyl bromide is investigated. Various products 
obtained by the reaction are indicated in eq 1 and 2.
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(EAA~) (O-Et-EAA)1 (C-Et-EAA) (1)

TABLE 1: Ethylation of EAA°

... . Product distribution^%)
condition yield(%) ----------------------------------

C O CC

(C, O-Et2-EAA)1 (C, C-Et.-EAA)

DMSO 100 71 18 11
THF 83 100 0 0
EtOH 83 89 2 9
DMSO+ 15-crown-5 100 87 0 13
THF + 15-crown-5 94 98 1 1
EtOH + 15-crown-5 98 92 2 6

0 0
h ㊀：! E t B r

/느沪、0Et---- ?C,C-Et 广 EAA + C,O-Et「EAA (2)

(C-Et-EAA-)

The anionic carbons of EAA- and, especially, C-Et-EAA- 
are very crowded. If the conformation of EAA- or C-Et-EAA- 
is influenced so that these carbon atoms are more exposed to 
the ethylating reagents, the reactivity would be enhanced. For 
this purpose, we have examined the effects of solvents and 
various reagents on the yi이d and the product distribution of 
the ethylation of EAA- and C-Et-EAA-. The most significant 
results obtained with a crown ether are described in this report.

The results obtained in dimethyl sulfoxide (DMSO), tetra­
hydrofuran (THF), and ethanol (EtOH) in the presence and 
absence of added 15-crown-5 (1,4,7,10,13-pentaoxacyclopent- 
adecane) are summarized in Table 1 and Table 2. The yi이d and 
product distribution listed in these tables were measured by 
nmr and gas chromatography according to the literature.3

The overall yields for the production of C,C-Et2-EAA by 
stepwise diethylation of EAA- are 72%, 4%, and 18% in 
DMSO, THF, and EtOH, respectively. In the presence of the 
crown ether, the yields are improved to 100%, 65 %, and 26%, 
respectively. The high yield in DMSO parallels the high SN2 reac­
tivity of anionic nucleophiles in dipolar aprotic solvents? The 
yield in THF or EtOH in 나｝e absence of the crown ether is par­
ticularly poor for the ethylation of C-Et-EAA-. This may be 
related to the much more crowded conformation around the 
anionic carbon atom in C-Et-EAA- compared with EAA-.

Like other nonrigid /?-dicarbonyl anions, EAA- and C-Et- 
EAA- would exist in three major conformations: U-, W-, and 
S-shapes.4

U-form W- form S-form
(ZZ) (EE) (EZ)

The steric environment of the anionic carbon atoms of these 
shapes is best estimated by using a space-filling model. Ex­
amination of a space-filling model indicates that the anionic 
carbon of the metal-free form of C-Et-EAA- is most exposed 
in the W-conformation and least exposed in the U-conforma- 
tion to the attack of external reagents.

Association of the carbanions with a metal ion lowers the 
nucleophilicity of the anionic centers. Moreover, the metal 
association prefers the U-form, decreasing the amount of the 
anions in W- or S-form. Addition of the crown ether to DMSO 
or THF leads to the dissociation of the carbanion from the 
counter-cation (Na+ in the present study). This would result in 

"The reaction mixtures contained 7.8 mmole of thoroughly dried 
sodium salt of EAA_(soluble in the solvents) and either 7.8 mm이e 
or 23 mmole of ethyl bromide in 20 ml solvent. The yield represents 
the amount of ethyl groups attached to the substrate in comparison 
with the initial amount of the anionic substrate. Attachment of an 
ethyl group destroys one molecule of the anionic form of the substrate, 
and, therefore, the maximum yield attainable is 100%. The change 
in the amount of ethyl bromide did not affect the yield and the prod­
uct distribution appreciably. When 15-crown-5 was added, its amount 
was 7.8 mmole. The reaction mixtures were incubated for 3 days at 
25°C prior to the analysis of the products. The reaction in DMSO 
reached the maximum yield within three hours, and those in THF 
or EtOH within three days. bC, O, and CC stand for C-Et-EAA, 
O-Et-EAA, and C,C-Et2-EAA, respectively.

TABLE 2: Ethylation of C-Et-EAA。

. Product distribution (%)
condition yield(吸i) -----------------------------------

CC CO

DMSO 88 97 3
THF 5 100 0
EtOH 24 100 0
DMSO+ 15-crown-5 100 100 0
THF+ 15-crown-5 71 100 0
EtOH 4- 15-crown-5 27 100 0
°The reaction conditions and the symbols are the same as those of 
TABLE 1, except that the substrate is the sodium salt of C-Et-EAA 
(soluble in the solvents) and CO stands for C,O-Et2-EAA.

the enhanced nu아eophilic辻y of the carbanion. In addition, a 
greater portion of C-Et-EAA- would take the conformation 
of W-form, which is best suited for the C-alkylation. In non­
polar solvents like THF, association of Na+ to the carbanion 
is very strong. Thus, the effect of the crown ether is most pro­
minent in THF. In protic solvents like EtOH, the carbanion 
should be associated with the solvent more than with the metal 
ion, and the effect of the crown ether would be small as observed 
in the present study.

For the ambident anions like EAA- or C-Et-EAA~, it is 
generally believed5 that the alkylation of the oxygen atom, the 
more electronegative site, increases as the anion becomes freer. 
For example, a dipolar aprotic solvent would make the anion 
freer by dissociating it from the counter-cation to a larger ex­
tent. The greater portions of the O-alkylation products in 
DMSO compared with THF or EtOH in the present study (Table 
1 and 2) are in accordance with this prediction. The addition 
of crown ethers also dissociate the metal ion from the carba­
nion, expecting the increased extent of O-alkylation compared 
with C-alkylation. The present results, however, contradict this 
prediction. The addition of the crown ether to DMSO led to 
exclusive C-alkylation of both EAA- and C-Et-EAA-. The 
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predominating effect of the crown ether, therefore, is the con­
formational factor to produce more exposed carbon centers.
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Organic molecules can be included in the interlayer space of 
layered transition metal chalcogenohalides which are maintained 
together only by van der Waals forces.1 In the case of FeOCl 
which belongs to the orthorhombic space group Pmmn with 
a = 378.0 pm, b = 330.2 pm,(=791.7 pm and Z=2,2 it was 
shown that the chemical behavior towards polar neutral guests 
like ammonia, amines,3-4 aromatic heterocycles5-6 and alkali 
metals7 or organometallic cations811 can be attributed to two 
kinds of reactions; namely, intercalation by the partial reduc­
tion of Fe3+ centers and/or substitution of Cl- layers by NH项一， 

RNH~- or RO--, etc. Such compounds are of interest because 
of their unusual chemical and physical properties such as large 
enhancement of chemical reactivity in partially reduced FeOCl 
to neutral guests16 and increase of electrical conductivity from 
semiconducting FeOCl to conductor on intercalation reaction 
by 107 Q cm12. Substitution of chloride layers in FeOCl lattice 
with methoxide has been reported by Kikkawa, et o/.13,14 Sur­
prisingly the chloride ions were totally substituted by methox­
ide ions and b-axis of unit cell was expanded from 330 pm to 
399 pm for methoxy derivative assigned as FeOOCH3. But this 
total substitution is scarcely expected because the methoxy 
groups on the Fe atom are sufficiently bulky, and presumable 
tend to sweep out large volumes as they rotate randomly. As 
an evidence, zi-alkanols or w-alkylamines can be intercalated 
into FeOCl lattice as much as ca. 0.54 mole per 1 mole of 
FeOCl.415 From this reason, there has been a great expecta­
tion that the value of y in FeO(OR)yClr should be less than 

0.54, or slightly greater in the case of methoxy substituent and 
approaches to any constant values as the chain length of alkox­
ide increases. To certify our presupposition to be true or not 
we have prepared the methoxy and ethoxy derivatives of FeOCl 
as follows:

FeOCl+yRONa^으，场0 (OR) ^Chp+yNaCl

R = CH，or C2H5

The host lattice, FeOCl, was prepared by heating the mix­
ture of a-Fe2O3 and FeCl3 with the mole ratio of 3:4 in a seal­
ed pyrex tube at 37O~3OO°C for 5 days according to chemical 
vapor transport technique.3-4 For intercalation and successive 
substitution reaction in the alkoxide/alcohol solution, the con­
centration of alkoxides were chosen as 1 mole per 1 mole of 
FeOCl which was controlled by adding sodium into the excess 
alochol and all the batches were incubated at 60°C for about 
4 days. The color of reaction products was changed from 
lustrous dark brown to gold tint, but somewhat different depen­
ding upon the number of carbon atoms in alkoxide. The 
resulting intercalates were washed with the corresponding water 
free alcohol and dried in vacuo.

The elemental analyses are not only consistent with those 
of theoretically calculated for iron oxyalkoxide FeOOCxH2x+1 
but also with the values reported by Kikkawa, et al.13 as shown 
in Table 1. If the methoxide ions are fully substituted, the bond 
angle of Cl(l)-Fe-Cl(l) in distorted octahedron of cZs-FeCl2O4 
( = 88.420)2 must be changed to ca. 143° of CH3O-Fe-OCH3

TABLE 1: Elemental Analyses Date for n-alkoxy Substituents of Iron(III) Oxychloride; FeCXOCH3)yCli_y and FeCXOGHJyCL y (weight percent)

Compound C H Cl Remarks

FeO(OCH3)yCl^y 8.24 (0.71) 2.05 (0.71) 9고。(0.73) this work
9.29 (0.80) 2.43 (0.84)' 4.20 (0.88) Kikkawa, et al.13

11.70 (1.00) 2.94 (1.00) 0.00 (0.00) theoretical values for FeOOCH3(y = 1)

FeO(OC,HQyCL 6.85 (0.31) 1.45 (0.32) 21.01 (0.35) this work
20.50 (1.00) 4.31 (1.00) 0.00 (0.00) theoretical values for FeOOGHJY = 1)

♦The approximate chemical compositions derived from these data were chosen as FeO(OCH3)0 7C1O 3 and FeO(OC2H5)0 3CI0 7. Values in paren­
theses denote the extent of substitution (y).


