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The bis(malonato)diaquochromate( 111) ion, CrfC3H2O4)2_ in acidic solution hydrolyzes to give (”。3电()4)+ l. This reaction 
is catalyzed by ferric ion and the rate law for this cation catalyzed-aquation in a HC104/NaC104 medium, /= l.OOM, is 
-列。们3田04)2-帅=(虹Fe3 + ]+ 姒H+Dg&HQM] where 如25°C) = 4.72 x 1笊 M^sec^ (厶22.5 Kcal/mol, 
厶S*= -2.58 eu) and 标25°C) 드 4.75 x IO-0 M-1sec-1 (厶21.2 Kcal/mol, 厶S*= -7.13 eu). Rapid preequilibrium associ­
ation of basic Cr-bound oxygen with Fe3+, followed by rate-determining ring opening, is proposed to account for the 如 hy­
drolysis pathway.

Introduction

Reactions of chromium(III) oxalate complexes and 
chromium(III) malonate complexes have been extensively 
studied.2-14 Aquations of bis(oxalato)diaquochromate(III), 
Cr(C2O4)£ x, and bis(malonato)diaquochromate(III), Cr(C3 
%。方 10-14 have been investigated in the acidic media and 
these reactions are known to be acid-catalyzed. The pre­
sence of acid is expected to facilitate the opening of chelate 
ring which is postulated as the rate determining step. Metal 
ion catalysis of aquation6 and isomerization10 of 
bis(oxalato)diaquochromate(III) ion have been also studied. 
Both in aquation and isomerization, it is suggested that a 
direct attack of the cation on the chelated oxalate forms a 
five coordinated intermediate with only one end of the ox­
alate bound to chromium in the first step reaction.

No studies of the metal ion catalyzed aquation of an­
alogous malonate system have been done.

Before beginning the work reported here, we attempted 
to find evidence for the reaction shown below and reaction is

CXGHQJ「一 Cr(CJLO) ⑴

cation-catalyzed. No rapid ultraviolet or visible spectral 
change occurred upon mixing Cr(C3H2O4)2(H2O)2_ with Fe3+ 
but slow changes in absorbance at 563 nm were observed, 
and were identified with reaction 1.

We also reexamined the acid-catalyzed aquation of 
CKCaH?。》｝. The investigation of this reaction was promp­
ted by the fact that the results of four previous investiga­
tions10-13 are different considerably in the observed rate con­
stants which are medium-dependent. Furthemore, the rate 
of this reaction is important in interpreting the results of 
Fe3^-catalyzed aquation of CKCaHR》｝.

Experimental Section

Reagents. Bis(malonato)diaquochromate(III) was pre­
pared from reagent grade potassium dichromate and malonic 
acid as described by Palmer16. Reaction mixture of potas-

Wavelength (nm)
Figure 1. Absorption spectra of (a) cis - Cr(C3H2O4)2_, (b) 
trans - Cr(C3H2O4)2_, (c) equilibrium solution of cis - trans isomers, 
and (d) ions.

sium dichromate(0.05 mole) and malonic acid(0.40 mole) was 
allowed to react and to isomerize for more than 1() hours in 
0.157 of water at about 50 °C. The equilibrium solution is 
dominantly in the czs-form.12

Solutions of CHCMOJz- were isolated by ion-exchange 
chromatographic techniques developed elsewhere17; equili­
brium solution was used to charge of column of anion ex­
change resin(Dowex-l-X8, 50-100 mesh) in the chloride 
form at about 10 °C. The column was washed with 0.01M 
XaClO4 and was eluted with 0.10M NaClO4. A purple band 
formed at the top of the column was eluted and was separat­
ed from the other band remaining at the top of the column. 
Chromatographic behavior of this purple band implies that 
this species is negatively and singly charged and i도 equili­
brium mixture of trans - cis isomers of (丄凶사彳夕儿- where 
the cis - isomer is the principal isomer. Optical spectra of 
Zraws-isomer, cis - isomer and equilibrium mixture are 
shown in Fugure 1? Potassium trans - bis(oxalato)diaquoch- 
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romate(III) and Potassium cis - bis(oxalato)diaquochromate 
(III) were obtained by fractional crystallization of equilibrium 
mixture. Successive small yields of the crystalline, less solu­
ble trans salts were induced by overnight refrigaration of the 
equilibrium cis-trans solution. More soluble cis salts were 
also isolated from the condensed equilibrium solution. Anal. 
Cald. for cis isomer of K[Cr(C3H 2O4)2( H 2O)2]3H 2O: Cr, 
13.51%; C, 18.71%; H, 3.64%. Found: Cr, 13.51%; C, 
18.95%; H, 2.93%.

Chromium contents of complexes were determined by 
conversion to CrO42- with alkaline peroxide followed by spec­
trophotometric analysis of CrO42- produced (e373 = 
4815).18 、

Hexaaquoiron(III) perchlorate, FHCIO》：, was prepared 
from solutions of ferric chloride in perchloric acid by heating 
to remove hydrogen chloride. After the solution failed to pro­
duce a visible precipitation in a chloride test with silver ion, 
two successive crystallizations from concentrated perchloric 
acid were done. Iron(III) s이ution was prepared from the 
iron(III) perchlorate and perchloric acid. The concentrations 
of Fe(III) in acidic iron(III) perchlorate solution was deter­
mined by the direct titration with standard Na2EDTA solu­
tion using Variamine blue (4-methoxy-4-aminodiphenyl­
amine) as an indicator.19 The acidity of the iron(IIl) per­
chlorate solution was determined by allowing an aliquot of 
the solution to pass through an ion-exchange column con­
taining Dowex 50W-X8 cation exchange resin (H+-form, 
50-100 mesh). For each iron(III) ion in the original 온。lution， 
three hydrogen ions were eluted. By substracting the acidity 
due to the iron(III) from the total acidity of the eluate, the 
acidity of the original solution were calculated. Water used in 
all reactions was doubly distilled and sodium perchlorate was 
purchased from Fluka Co. and recrystallized before u도6 
Atomic absorption spectroscopy was also utilized for the 
analysis of chromium(III) and iron(lll) contents of some 
spent reaction mixture.

Rate Measurements. The rate of reaction 1 was mea­
sured spectrophotometrically by observing the decrease in 
absorbance at 563nm. The absorbance measurements were 
done with a Shimadzu UV 250 UV-Visible spectrophoto­
meter. The bis(malonato)diaquochromate(III) solution 니sed 
in 난le rate measurement was actually the trans - cis mixture 
solution isolated by chromatographic techniques described 
above. The solution was prepared at least 24 hr before 
kinetic run, to ensure that cis - trans equilibrium was achiev­
ed. The ionic strength was adjusted to the l.OOM in all reac­
tion mixtures. Rate measurements at 45 °C were carried out 
in a stopped sillica cell placed in the thermostated cell com­
partment. Solution reacting at 25 °C and 35 °C were kept in 
an opaque, thermostated water bath, outside the spectropho­
tometer, except during periodic absorbance measurements. 
Light was excluded to prevent possible photodecomposition 
of malonate species. The temperature wa옹 maintained with 
less than 0.2 °C variation as measured by a calorimetric ther­
mometer graduated in 0.01 °C units. Pseudo fir으rate 
constants were evaluated by using the conventional 
log(A-A。。) vs. time plots. The reaction옹 were followed for at 
least 5 half times. The plots were linear for 4 or more half 
times for most experiments.

Results

Table 1. Spectral data for the chromiumdi I) complexes prepared in 
this work

Complex
Absorption peak 

(人"s’ nm)
Corresponding 

extinction 
coefficients 

M-1 cm-1

Reference

Cr(H2O)63 + 417 589 15 14 24
cis - Cr(C3H2O4)2~ 418 565 42.1 50.8 12

cis - Cr(C3H2O4)2- 417 565 40.6 5(1.8 this work
trans - Cr(C3H2O4)2- 401 555 20.3 17.6 12

trans - 0«사顼)4)2~ 409 56() 22.9 23.4 this work

Cr(C3H2O4)+ 410 558 25.() 3().3 this work
trans - cis mixture
of Cr(C3H2O4)2- at 416 563 37.7 45.9 this work
equilibrium

Stok血lometry. The stoichiometry indicated by equa­
tion 1 was observed in the following ways; to confirm that on­
ly one malonate is lost from the trans - cis CHCaH?。》｝，a 

spent reaction mixture was passed through Dowex 50W-X8 
ion exchange resin. The column was fir응t rinsed with 0.1M 
NaQO4 and the collected eluate(Cr(C3H2O4)+) was analyzed 
for chromium(ni) content. About 94% of Cr(C3H2O4)52 . 
This collected eluate, which contains + 1 charged chromium 
species, Cr(C3H2O4)4'. does not contain monomalonatoion 
(III), Fe(C3H2O4) + . However, K】value for the formation of 
Fe(C3H2O4)+ is very large20 and the absorbance at 300 nm 
increases as the aquation reaction proceeds. The increase of 
absorbance at 300 nm might be attributed to the formation 
of Fe(C3H2O4)+ and the stoichiometry of the iron(lll) catalyz­
ed aquation can be described by equation 2.

Cr(C3H2O4)r + Fe3+^Cr(C3H2O4)++Fe(C3H2O4)+ (2)

The column was also rinsed with IM HC1O4 and then 
eluted with 3M HC1O4 after Cr(C3H2O4)2- was complexly re­
moved from the resin. The 3M HC1O4 solution should have 
contained any Cr3+ that was formed but chromium could not 
be detected in the 3M HC1O4 and further aquation of 
Cr(C3H2O4)+ to Cr3+ does not occur. Spectrophotometric 
data of chromium(III) ions considered in this work are sum­
marized in Table 1 and are shown in Figure 1. As mentioned 
in experimental parts, the bis(malonato)diaquochromate(III) 
solution used in the rate measurements was the trans-cis 
mixture solution contained mainly of the cis - isomers. From 
the spectral data of trans - and % of the
c/s-form in th은 equilibrium solution at 25 °C was calculated to 
be about 82.

Acid Catalyzed Aquation of Bls(malonato)diaquoch- 
romate(III). Kinetic results obtained for the acid-catalyzed 
aquation of (^招夕击-are1 summarized in Table 2. The 
dependence of 妇履 on [H*] follows the equation 
化刷产 /眼H+], where k2 is the second-order rate constant and 
agrees with the rate expression reported by Frank and 
Huchital.12 Acid dependencies of kobsd are shown in Figure 2. 
Activation parameters are evaluated from the temperature 
dependency on the rate constants (see Figure 4). Activation 
parameters obtained in our studies are 4//* = 21.2 Kcal/mol,
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Table 조• Observed and calculated rate constants for acid-catalyzed 
of Cr(C3H2O4)2- at l.OOM ionic strength17

"Ionic strength was maintained at l.()M using NaC104 as s나pporting 
electrode.力The initial [Fe(ni)]/[Cr(C3H2O4]2"] ratio was always 1() 
or greater.

[H + F Temp. (°C) kx 106 s 
obsd.

ec-1
cald. [H+] Total [Fe(HD]

X 1()2M 力
[Fe3+]
x 102M Temp. (°C) 4'X 13 

obsd.
sec-1 
ealed.

0.30 25 12.4 14.2 ().01 4.00 3.43 25 2.51 2.38
0.40 25 18.3 19.0 0.01 6.00 5.15 25 3.42 3.34
0.50 25 23.4 23.8 0.01 8.00 6.87 25 4.45 4.29
0.60 25 30.1 28.5 0.01 10.0 8.58 25 4.94 5.24
0.70 25 37.5 33.2 0.01 12.0 10.3 25 5.81 6.20
0.80 25 42.5 38.() ().01 4.00 3.10 35 9.61) 8.33
0.90 25 48.4 42.8 0.01 6.()() 4.64 35 11.5 11.8
0.20 35 24.6 27.8 0.01 8.()0 6.19 35 15.(1 15.2
0.40 35 61.5 55.6 0.01 10.0 7.74 35 16.3 18.7
0.50 35 97.3 97.3 0.2() 8.00 7.88 35 36.() 45.4
0.10 45 46.7 48.2 0.40 4.00 3.97 35 60.6 64.5
0.20 45 93.0 96.4 0.40 8.0() 7.94 35 68.6 73.4
0.40 45 205 193 0.70 4.00 3.98 35 1(16 106

“Ionic strength was maintained at 1.0M using NaClO4 as supporting ().01 4.00 2.67 45 23.4 21.8
elecrode. "The initial [H+]/[Cr(C3H2O4)2~] ratio was always 10 or 0.01 6.00 4.01 45 30.2 30.4
greater. 0.01 8.00 5.34 45 38.1 38.8

0.01 10.0 6.68 45 44.6 47.4

Figure 2. Acid dependencies on the observed rate constants. kobsd 
for the aquation of CrtC3H2O4)2_.

and 厶S；= -7.13eu. The results of Frank and Huchital12are 
also listed in Table 2 for the comparison purposes.

Fe(III)"Catalyzed A대uetkm of Bis(malonato)diaquo- 
chromate(KII) in A허die Media. Reaction 1 was found to 
conform to 난le rate law given equation 1. Since [Fe(III)] and 
[H*] were_ always at least tenfold greater than 
[Cr(C3H2O4)2-], first order behavior was observed with 
/诫=伊/] +馈H°

邳次(아IQ)+]/d£=知 ”d[Cr(GHQ)「]

The measured rate constants for each experiments at 
[H+] = 0.01M and other conditions are listed in Table 3. In 
the reaction mixtures, however, the actual concentration of 
Fe" was 1 믄ss than the t아al iron(III) concentration, [Fe(III)], 
owing to the hydrolysis of iron(III). Total iron(IIl) concentra­
tion was corrected by sub옹tracting concentrations of hy­
drolyzed species, using the data reported by Milbum.21 This 
corrections are indicated in the Table 3.

Table 3. Observed and calculated rate constants for Ee(IH) catalyz­
ed aquation of Gy/HQ。：厂 in acidic media"

Figure 3. Fe3+ ion dependencies on 나le observed rate constants, 
侦用我 the aquation of Cr(C3H2O4)2~,

The acid dissociation of iron(III) was particulary impor­
tant at high temperature and low acid concentration that we 
h저ve to take it account in deriving a rate law in terms of Fe3 + 
ion. The data were fitted to equation 3 and to the absolute 
rate theory equation, using a least-squares program. The 
저verage deviation between kcalcd and kobsd was 6.9%. The 
result of one experiment was deleted from the final calcula­
tion because of an excessive difference between 知 value ob­
tained as an intercept of the plot of kobsd vs [Fe3+] and k2 value 
obtained from 아le study of acid dependency on the rate. The 
experiment that was d이eted was done at 35 °C and 
[Fe3+]= 1.55x 10-2M. The dependence of kobsd on the [Fe3+] 
are shown in Figure 3. The activation parameters obtained
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Table 4. Rate Parameters for the Aquation of cis 一 CrfC2O4)2- and cis - Cr(C3H2O4)2_

Forms of Rate tern 枪5。0"吳^1 厶 ”*(KcalMT) 厶 S*(eu) Ref.
4H+In*5-Cr(C2O4)2-] 2.6 xlO-6 24 -5 3
代 Fe3+[Ws-Cr(C2O4)2-] 1.0 x IO-3 24 9 6
/e[H+I«s-Cr(C3H2O4)2-] 6.50xIO"5 21.8±0.4 -4.7±0.1 12
凡 H+I 成-GC3H2O4)舟 4.75xl0-5 21.2±2.6 -7.1±0.1 this work
即Fe3+"，s-Cr(C3H2O4)2-] 5.56 xlO"6 22.5 ±2.2 -2.6 ±0.1 this work

from the least-squares fitting procedures are AH； =22.5 
Kcal/mol, and 厶Sj* = -2.58 eu(see Figure 4). The calculat­
ed value of 灯 at 25 °C is 5.56 x 10-5M-1 sec-1.

The contribution to the kobsd value from k2 pathway is 
comparable to kx pathway and activation parameters for two 
different reaction pathway are very similar(see Table 4). In 
order to learn whether the term in equation 3 represents a 
general or a specific cation effect, the substitutionally inert 
species Cr3+ was added to one reaction mixture, containing 
^uimolar Fe3+ and Cr3+, was the same as for a mixture that 
was identical, except that it did contain Cr3+ ion.

Discussion

Four studies on the acid-catalyzed aquation of the 
Cr(C3H2O4)2- have been made previously and the observed 
rate constants were reported to have the following dependen­
cies on acid concentration; (a) kobsd=2.33x 10-3[H+](45°C)1(>, 
(b) ^5d=3.20xl0-4[H+] + 9.5xl0-3[H'](50°C),13 (c) 
蠕d = 4.20xl0-5 + 3.6xl0-4[H+] (45°C),14 and (d) kobsd = 
7.22x10-4[H+] (45 °C).12 Our values for kobsd at 45 °C is 
4.82 x 10-4[H+]. The magnitude of 九，"value and the absence 
of acid-independent reaction pathway, i.e. the k0 term, ob­
served in our investigation are in agreement with the obser­
vation made by Frank and Huchitals.12 Although it is quite 
likely that the k0 term is not zero, the least-squares analysis 
of the data yields which is essentially zero
within the errors of computation.

Rates of aquation of Cr(C3H2O4)2' are definitely medium 
dependent and the large variations in the observed rate con­
stants among reported results might be attributed at least in 
part to the differences in reaction medium they employed.

Possible mechanisms for the Fe3+- catalyzed aquations 
of Cr(C3H2O4)2- include equations 4 and 5.

Cr(C3H2O4)2-+Fe3 + - Cr(C3H2O4)OC3H2O3Fe2+ (4a)

Cr(C3H2O4)OC3H2O3Fe2+-Cr(C3H2O4)++Fe(C3H2O4)+(4b) 

Cr(C,H2O4)2--Cr(C,H2O4)OC3H2O3- (5a)

Cr(CJH2O4X)C3HJOJ-+Fe3+-*Cr(C3H2O4)"+Fe(C3H2O4)+

(5b)

Since it is quite unlik이y 나lat trans - Cr(C3H2O4)2- is for 
more reactive than the dominant cis - isomer we did not pro­
posed metal-catalyzed isomerization from cis - isomer to 

isomer, followed by the fact aquation of trans - 
isomer. The failure of the inert hexaaquochromium(III) ion 
to catalyze the aquation is in accord with our suggestion that 
the catalytic metal ion must coordinate to the leaving 
malonate. Similar mechanisms have been suggested for the 
Fe3+-catalyzed aquation of analogous oxalate complex.6

In each of reactions 4 and 5, the bonds to leaving malo-

Figure 4. Plots of ln(k/T) r.s. 1/T for 나le acid-catalyzed reaction 
path(b) and Fe3+-catalyzed reaction path(a) for the aquation of 
Cr(C3H2O4)2-.

Figure 5. Proposed activated complexes in the Ee3+-catalyzed 
aquation pathway of Crgt&C시?二

nate are singly broken, so that a monodentate intermediate is 
formed. The effect of Fe3+ in mechanism expressed by reac­
tion 4 is to break the first-oxygen bond and then to h운Ip to 
break the second. The effect of Fe3+ in the mechanism ex­
pressed by reaction 5 is to break only the second bond. We 
prefer mechanism expressed by reaction 4 because only the 
first chromium-oxygen bond is broken in the isomerization 
of trans - Cr(C3H2O4)2', yet the reaction is catalyzed by acid. 
We also suggest that if reaction 4a occurs, and catalytic role 
of cation and proton is similar, both aquation and isomeriza­
tion are logical consequences.

As mentioned above, In studies of both acid catalyz- 
ecj3,4.12-u and metal catalyzed isomerization,615 protons or 
catalytically active metal ions are assumed to make a direct 
attack of the malonate or oxalate, forming five coordinated 
intermediate with only one end of oxalate or malonate bound 
to chromium (see Figure 6). The chelate effect may be lost 
when the ring opens, and it might be expected that malonate 
would escape as it is bound to catalytic metal ion. In the
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Table 5. Equilibrium Constants for the Reaction Mn+ + L~2 H ML어-》+ where L~2 is Oxalate or Malonate Ion

Ligand Temp.
(°C)

Log of equilibrium 
constants Medium Reference

Al3+
Ce3+
La3+
Fe3+
Cr3+
H +
Fe3+
淀+

oxalate 25 Ki = 3.57 1.0 M(NaC104) 25
oxalate 25 Ki = 4.85 1.0 M(NaC104) 27
oxalate 20 Ki = 4.49 1.0 M(NaCK)4) 28
oxalate 25 Ki = 4.3 1.0 M(NaC104) 29
oxalate 25 Ki = 7.54 0.5 M(NaClO4) 23
oxalate 25 Ki = 5.34, K2 = 5.17 0.1 M(NaC104) 30

malonate 25 Ki = 5.11 0.1 MtNaClO^ 26
malonate 25 Ki = 7.46 0.5 M(LiCl()4) 20
malonate 25 K] = 7.06, K2=5.79 0.1 M(NaC104) 31

M =H+, Fe3+, Al34； La어;

and Ce3+
Figure 6. Five coordinated intermediate possibly formed in the 
acid- or iron-catalyzed isomerization and aquation reactions.

Fe3+-catalyzed aquation of Cr(C2O4)2~, Fe(C2O4)+ is reported 
to be formed as a reaction product.6 The result of the forma­
tion of Fe(C2O4)+, instead of isomerization which has been 
shown the presence of other trivalent cations such as Al", 
La3+ and Ce3+, is possibly due to the great affinity of the 
Fe3+ ion toward oxalate ligand or malonate ligand, (see 
Table 5), and/or to the fact that the chromium system was 
already at equilibrium with respect to isomerization at the 
beginning of each reaction. The catalytic effect of acid or 
metal cations on the aquation of Cr(C2O4)2~ or Cr(C3H2O4)2_ 
seems to be observed when the formation constant for 
Mw+ + L~2 ML("-2)+ (M = H+ or met지 ion and L = oxalate
or malonate ion) is greater or comparable to the formation 
constant K2 for CrL+ + L~2 u CrL2'. We could not isolate 
Fe(C3H2O4)+ chromatographically as an aquation product, 
But the Kj value for the formation of Fe(C3H2O4)+ .is quite 
large (Kt = IO746 at 25 °C and I 드 O.5OM)20 and is comparable 
to that for the formation of Fe(C2O4)+ (如=IO7,54 at 25 °C and 
I = 0.50M).23 The absorbance at ~300nm gradually in­
creases as the aquation of Cr(C3H2O4)2~ proceeds in the pre­
sence of Fe3+. So, it is plausible to suggest that Fe(C3H2O4)+ 
might be formed in the aquation of Cr(C3H2O4)2~.

The reason why we could not isolate Fe(C3H2O4)+ from 
the reaction product chromatographically might be due to 
the act that kinetic lability of Fe(C3H2O4)+ on the cationic 
resin leads to the formation of higher charged iron specie옹.

As shwon in Table 4, Activation parameters of acid cata­
lyzed aquation and Fe3+-catalyzed aquation are similar, 
which is expected from the fact that the activated complexes 
are quite similar. The less negative entropy of activation for 

the Fe，七catalyzed pathway is consistent with either of pro­
posed mechanisms and reflects the greater charge of Fe3*. 
The position of Fe3* attack is no the type question answered 
by kinetic data only. It seems useful to consider some reason­
able possibilities, however, the attack could occurs at either 
of the chromium bound oxygen atom, or at the unbound ox­
ygen atoms of the coordinated malonate as shwon in Figure
5.

瀉 u‘Cr(CQ》厂+C리C己+as-Cr(CQ)「

Hmhital's study22 of the 아iromium(II) catalyzed trans - 
cis isomerization of CrQOJz- suggested that electron trans­
fer between chromium(II) and chromium(III) complexes oc­
curs by both oxalate ligands as simultaneous bridging 
groups, and based on 나le isotope tracer st나dies using labeled 
trans - and cis - Cr(C2O4)2_, demonstrated a transfer of 51Cr 
activity from chromium(II) to chromium(III) for the 
czs-complexes. Exchange of activity for the following reac­
tion occurs on the same time scale as the isomerization.

Huchital finally concluded that Cr2* can not bond to more 
than one oxygen atoms on each coordinated oxalate. This be­
havior of Cr2+ suggest that Fe3+ may also form an interme­
diate of typed I) in Figure 5.

Acknowledgement. This work has been supported by 
Ba오ic Science Research Program(1989), Ministry of Educa­
tion, Korea.

References

1. In writing the formular for an aqueous ion, coordinated 
water molecules will be omitted except in case that 
coordinated water molecules are involved in chemical 
reaction.

2. K. V. Krishnamurty and G. M. Harris, Chem. Rev., 61, 
213 (1961).

3. D. Banerjea and M. S. Mohan, / Inorg. Nitcl. Chem.t 26, 
613 (1964).

4. K. R. Ashley and R. E. Hamm, Inorg. Chem., 6, 1743 
(1967).

5. C. Shenk and H. Keim, J. Coord. Chem., 2, 71 (1972).
6. S. N. Choi and D. W. Carlyle, Inorg. Chem., 11, 1718 

(1972).
7. T. W. Kallen, Inorg. Chem., 15, 440 (1976).
8. T. W. Kallen and R. E. Hamm, Inorg. Chem., 18, 2151 

(1976).
9. T. W. Kallen and E. J. Senko, Inorg. Chem., 22, 2924 

(1983).



Synthetic(溯Mlospor诉 Derivatives

10. D. Banerjea and C. ChatterijeeJ. Inorg. Nucl. Chem., 29,

2387 (1967). q i 70c； MQ7O)11. K. R. Ashley and K. Lane, Inorg. 애9-1795 J) *
12. M. J. Frank and D. H. Huchital, Inorg. Chem., H. 77b

(1972).
C. Furlani and E. Montovani, J. Inorg. Nitcl. Chem； 3 , 

:껴 :^黑, J. Inorg. Nucl. Chem., 32, 1402 (19^'

K. R. Ashley and R. E. Hamm, Inorg. Chem； 4, 1120

(1965). .〜.)»
16. W. G. Palmer, "Experimental Inorganic Chemistry , 

University Press, Cambridge, England, W54, p. 338.
17. T. W. Kallen, Inorg. Chem., 14,2687(1975)
18. G. W. Haupt, / Res. Nat. Bur. Stand., 48, 414 (1952).
19. A. I. Vogel, “A Textbook of 쌕ant*at弋 吁餾： 

Analysis", John Wiley and Sons, Inc., New York, 1961,

32220 M. Deneux, R. Meilleur and R. L. Benoit, Canad. J. 

Chem； 46,1383 (1968).

13.

14.
15.

Btdl. Korean Chem. Soc., Vol. 11, No. 4, 1990 323

21. R. M. Milbum, J. Amr. Chem. Soc.f 79, 537 (1957)’
22. D. H. Huchital, Inorg. Chem., 9, 486 (1970).
23. V. I. Grebennikova, R. V. Bryzgalova and Yu. M. 

Regozin, RadioKhimiya, 12, 279 (1970).
24. D. H. Huchital and H. Taube, Inorg. Chem., 4, IbbU 

(1965)
25. S. J. Lyte and S. J. NaguiJ. Inorg. Nucl. Chem., 28,2993

(1966). . — D .
26. M. Bonnet and V. Mikhailova, Compt. Rend. Acta. Bulg. 

Sci, 21, 1295 (1968).
27. V. I. Gordienko and Yu I. Mikhaily나k，Zhur. Anaht.
'Khim., 25, 2267 (1970).

28. I. Grenthe, C. Gardhammar and E. Rundcrantz, Acta 
Chem. Scand., 23, 93 (1969).

29. T. Sekine, Acta Chem. Scand.,成 1476 (1965).
30. K. Nagata, A. Umayahara and R. Tsuchiva, Bull. Chem. 

Soc. Japan, 3응' 1059 (1965).
31. H. Muro and R. Tsuchiya, Bull Chem. Soc. Japan, 39, 

1589 (1966).

Synthetic Cephalgp이酣 Derivatives

Chang-Hyun Oh, San8-Woo Park, and Jung-Hyuck Cho，

5 Syntkesis Lavatory, C^istry Division, Korea Institute of Science & Techno^, Seoul 130-650 

Received March 16t 1990

The synthesis and some biological properties。曾 写七嚟囂記臨看뿞T삆囂爲驀 

acetamido}-3-vinyl-3-cephem-4-ca;boxyhc aci are ' activities Two of these new orally active g-lactam den-
瞌忠*驾蝴W讖麗쯔"555*555* 

monas aeruginosa, as weU as good stability to ^-lactamases.

Introduction

Since the discovery of penicillins more than sixty years 
ago1, the fi-lactam family has grown enormously to include a 
wide variety of structural types2. In 1945, a Sardinian bac­
teriologist, Brotzu found a strain of C^phalosporwm acremo- 
nium which produced antibiotic material with a broader 
spectrum of activity3. But the early developed compounds 
possessed a relatively narrow spectrum of activity and the 
weakness of resistance caused by ^-lactamase appeared to 
be a serious problem. However the use of 6-aminopenicil- 
lanic acid(6-APA) and 7-aminocephalosporamc acid(/_ 
ACA) as a synthetic intermediate enabled a large scale pro­
duction and afforded a wide range of compounds with a 
broad spectrum of activity. In spite of their high antibacterial 
acitivity and their broad antimicrobial spectrum, some bac- 
teral species or strains are not inhibited at concentrations 
sufficient of successful chemotherapy. They are usually not 
effective against some clinically important bacteria, in­
cluding Pseudomonas and some Proteus species . It was not 
until 1980 when cefotaxime, a semisynthetic 흐?뻥osporin 
prepared by direct acylation of 7-ACA by 2-(2-amino- 
thiazone-4-yl)-2-syn-methoxyiminoacetic acid, was avail­

able for clinical use5. It has a high antibacterial activity 
against all tested strains of Gram-positive and Gram-nega­
tive aerobic and facultatively anaerobic bacteria, rhe 
syn-methoxyimino(generally 지koxyimino) group is known 
to play an important role in the stabUity to the 片顋 

tamase-releasing Gram-negative bacteria. In contrast to the 
remarkable improvements of the injectable g-lactam antibio­
tics progress has been less evident among the oral g-lactan： 
antibiotics such as the cephalosporins. Cefixime, developed 
by Fujisawa, would be the most potent antibiotics and i몽 cha­
racterized by displacement of the 3-acetoxymethyl group in 
cefotaxime with vinyl.moiety. It shows also a datively high 
antibacterial activity against Gram-positive and Gram-nega­
tive bacteria6.

Results and Discussion

Recently many new ^-lactam antibiotics modified with 7g- 
[2 ■ (2-aminothiazole-4-yl)-2-(substituted carbamoylme- 
thoxyimino)acetamido]group at the C-7 position and with 
various heteroaromatics at the C-3 position are reported . n 
the course of our extensive research on the modification ot 
cephalosporin, efforts has been focused on synthesizing new


