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Abstract: The application of alumina as a solid support affords a new procedure for selective reactions. Although it is difficult
to obtain monoesters in the esterification of dicarboxylic acids by conventional methods, dicarboxylic acids adsorbed on alumina
selectively form the monoesters. Terephthalic acid (1), isophthalic acid, cis- and trans-1,4-cyclohexanedicarboxylic acids,
and aliphatic dicarboxylic acids {HO,C(CH,),CO,H; n = 3-8 and 10} give the corresponding monomethyl esters quantitatively
with diazomethane. On the basis of these results, we suggest that dicarboxylic acids are adsorbed on alumina through one
of their carboxyl groups, and the carboxyl group not adsorbed on the alumina is esterified selectively. Selective monomethyl
esterification of phthalic acid is not successful on alumina, probably as a consequence of the close proximity of the two carboxyl
groups and the forced orientation of the second group when one is adsorbed. Dimethyl sulfate and 1-methyl-3-p-tolyltriazene
were also effective for the selective monomethyl esterification of dicarboxylic acid 1 by this procedure. Even in the absence
of an activating reagent such as potassium carbonate, the corresponding monomethyl ester of 1 is obtained selectively with
dimethyl sulfate. In addition, by using this procedure, dicarboxylic acid 1 is selectively reduced to 4-carboxybenzyl alcohol

with diborane.

Selective reactions have been carried out with alumina, silica
gel, and silica—alumina as the solid supports for either the reagent
or substrate. Usually the reagents were supported!? with fewer
examples of substrate support. These latter cases consist of the
following: (i) substrates which are not dissolved in the reaction
solvent but can be brought into the reaction system by adsorption
on solid support (examples are the selective reduction of dicarbonyl
compounds protected with sodium hydrogen sulfite? or Girard’s
reagent?®); (ii) substrates which are adsorbed on solid supports for
regioselective reaction such as ozonation of aliphatic esters ad-
sorbed on silica gel to afford keto esters,’ chlorination of octanoic
acid on alumina to afford 8-chlorooctanoic acid preferentially,’
and photochemical cycloaddition of alkenes to a steroidal enone
on silica gel to afford products which become evidence for a
hindered direction of approach of alkenes to the adsorbed steroid;’
and (iii) substrates such as phenols® and alcohols® which when
adsorbed on silica gel or alumina are acetylated by ketene in good
yields in the absence of sulfuric acid or p-toluenesulfonic acid.
This paper presents another new field and procedure for the use
of inorganic solid supports in organic reactions.

Infrared spectroscopy'®!? and inelastic electron-tunneling
spectroscopy'® show that carboxylic acids are chemisorbed on
alumina as monocarboxylate anions and that these anions have
symmetric bidentate structures with equivalent oxygen atoms.
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The rest of the molecule is held in a position remote from the
alumina surface. This gives rise to different reactivities for the
two carboxyl groups attached to remote parts of the molecule.
By using this phenomena, we have reported briefly that tere-
phthalic acid (1) adsorbed on alumina was selectively esterified
to monomethyl terephthalate (2) with diazomethane.!* This paper
presents details of this reaction and applications of this adsorp-
tion-reaction procedure to other dicarboxylic acids.

¥ Tokyo Gakugei University.
*The Institute of Physical and Chemical Research.

Table I. Selective Formation of Monomethyl Terephthalate (2) on
Various Adsorbents

concn of amt of  selectivity amt of
adsorbent  1in DMF, %° adsorbed 1° for 2, %° DAM¢ added®
ALO, 0.100 10.0 99.0 121
0.300 29.8 98.3 19.3
1.00 77.6 97.6 8.43
3.00 91.2 87.8 5.31
Si0, 1.00 0.995 98.9 357
Si0,-ALOy 1.00 24. 96.6 29.3
Si0,-AlLOE 1.00 51.1 97.0 6.10

¢Solution: adsorbent = 10:]1 (w/w). ®Milligrams of 1 adsorbed per
gram of adsorbent. “The maximum value of [(2)/{(1) + (2) + (3)}]] X
100. ¢Diazomethane. ¢Moles of DAM which give the maximum se-
lectivity per mole of 1 adsorbed. /13.8% Al,;O,. £28.6% Al,O;.

Results and Discussion

Selective Monomethy! Esterification of Terephthalic Acid (1).
On the introduction of diazomethane to the cyclohexane suspension
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Figure 1. Reaction profile for the heterogeneous esterification of tere-
phthalic acid (1) adsorbed on alumina: (O) 1; (©) 2; (@) 3. The ad-
sorbed sample, which was prepared from a 1% DMF solution, is sus-
pended in cyclohexane. The dotted line shows the formation of methyl
benzoate (A) from adsorbed benzoic acid (4). The amount of 4 adsorbed
on the alumina was the same as that of 1.

of acid 1 adsorbed on alumina, 1 is quantitatively converted into
the corresponding monomethyl ester 2. A typical reaction profile
is represented in Figure 1. Dimethyl terephthalate (3) is produced
only by consecutive addition of a large excess of diazomethane
after quantitative formation of 2. The reactivity for the conversion
of 1 to its monomethyl ester 2 is 30 times larger than the reactivity
of 2 to the dimethyl ester 3. Consequently, 2 is obtained quan-
titatively by the controlled addition of diazomethane.

The solubilities of the substrate and the products are quite small
in cyclohexane. No more than 0.15% of the reactants is dissolved
at the top of the curve for 2 in Figure 1, and the extent of the
reaction occurring in the suspending agent appears to be negligible.

In a conventional homogeneous reaction, the acid 1 is esterified
by introduction of diazomethane into a solution of 1. The mono-
and diesters are formed in overlapping consecutive reactions with
the monoester 2 reaching a maximum mole fraction when the ratio
of diazomethane to the acid 1 is about 1.5. The reactivity of a
carboxyl group in free monoester 2 is about equal to that of free
acid 1. The selective reaction shown in Figure 1 is consequently
attributable not to a difference in the intrinsic reactivity of the
carboxyl groups in the free acid and monoester but to the dif-
ference of reactivity between free and adsorbed carboxyl groups.

Effect of Surface Coverage on Selectivity. Table I presents data
for the effects on varying the terephthalic acid/alumina ratio. The
selectivity for formation of monoester 2 decreases with the in-
creasing amounts of 1 adsorbed. The formation of 2 vs. the
amount of diazomethane is plotted in Figure 2. An alumina
sample containing 9.1 wt % 1 gives a lower selectivity than those
samples containing 7.8 or 3.0 wt % 1. Furthermore, the range
of the diazomethane-to-acid ratio which is suitable for obtaining
the monoester 2 became narrower with increasing amounts of
adsorbed 1. The efficiency with which diazomethane produces
2 is roughly equal among these three samples, though the tendency
to produce diester 3 decreases as the 1-to-alumina ratio decreases.
These findings indicate that when the surface coverage of the acid
1 on alumina was smaller, 1 interacted more strongly with the
alumina surface. Usually the surface of an adsorbent is not
uniform, and stronger adsorption sites are preferentially used for
adsorption by the substrate. It is known that the differential heat
of adsorption decreases when the surface coverage increases and
that adsorbed molecules in a region near saturated adsorption have
rotational and translational freedom comparable to those in a
two-dimensional liquid.’® The results shown in Figure 2 are
consistent with these facts about near saturated adsorption since
the reaction profile of the sample of saturated adsorption (9.1 wt
% 1 on alumina, in Figure 2) shows an intermediate character
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Figure 2. Formation of monomethyl terephthalate (2) from different
amounts of terephthalic acid (1) on alumina: (0) 9.1 wt % 1 on alumina;
(0) 7.8 wt % 1 on alumina; (A) 3.0 wt % 1 on alumina. Cyclohexane
was used as a suspending agent.

in between those shown in Figure 1 and the conventional homo-
geneous esterification.

Application of Silica Gel and Silica-Alumina as Adsorbents.
Selective monomethyl esterification of terephthalic acid (1) can
be carried out by using silica gel and silica—alumina as adsorbents.
The results are summarized in Table I. The amount of 1 adsorbed
on the silica gel is about 1.4% of that adsorbed on the alumina.
However, the sample of 1 adsorbed on the silica gel gives mo-
noester 2 quantitatively. Selective monomethyl esterification is
also successfully accomplished by using silica—alumina (13.8%
and 28.6% alumina). It is difficult to obtain reproducible results
for the adsorbed state of carboxylic acids on silica gel,'” probably
because of the weak adsorption and consequent measuring dif-
ficulty. From the adsorption data about the silica gel and sili-
ca—alumina in Table I, the acid 1 may be adsorbed on the alu-
minum fraction preferentially. The state of adsorbate on the
silica—alumina is likely the same as on the alumina. The state
of adsorbate on silica gel is not clear.

Effect of Water Addition. Benzoic acid (4) adsorbed on alumina
was esterified with diazomethane, and the result is shown in Figure
1. The reactivity of 4 to form the ester is much lower than that
of terephthalic acid (1) to form the monoester 2 but similar to
that of 2 to form the dimethyl ester 3. It has been reported that
4 is adsorbed on alumina as a symmetric bidentate carboxylate
anion.!?* The proton of the carboxyl group is an essential element
for the complete reaction

RCOOH + CH,N, — RCOOCH, + N, ()

Consequently, a free carboxyl group in 1 which is not adsorbed
on alumina is easily available for esterification; on the other hand,
a dissociated carboxyl group, whose proton is lost on adsorption
to the alumina, cannot readily react with diazomethane. This is
consistent with the results of the experiment described above.

With this in mind, the effects of adding water to the adsorbed
sample are very significant. When 4 wt % water is added to an
adsorbed sample of acid 1, the maximum selectivity for the for-
mation of 2 decreases to 70% and the reaction profile is inter-
mediate between those shown in Figure 1 and the conventional
homogeneous esterification. When 10 wt % water is added, the
maximum selectivity falls to 49.2%, which is equal to that of the
homogeneous reaction. Since dissolution of the reactants in the
suspending mixture is not more than 0.3% in these experiments,
the increased reactivity of the adsorbed carboxyl group following
the addition of water can be interpreted in terms of the capture
of the proton by the adsorbed carboxyl group and hence decreased
selectivity for formation of the monoester 2.

Consequently all the results are consistent with a drastic loss
of reactivity of diazomethane with the carboxyl group when the
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(¢) Marshall, K.; Rochester, C. H. J. Chem. Soc., Faraday Trans. 1 1975,
71, 1754-1761. (d) Young, R. P. Can. J. Chem. 1969, 47, 2237-2247.
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Flgure 3. Temperature effect on formation of monomethyl terephtalate
(2). Adsorbed sample, which had been prepared from a 1% DMF solu-
tion of 1, was used in cyclohexane (@) or trans-decalin (O) as a sus-
pending agent.

Table II. Selective Monomethyl Esterification of Cyclic Dicarboxylic
Acids

selectivity for
monomethyl

amt of  selectivity for ester in

adsorbed monomethyl homogeneous
substrate substrate?  ester, %° reaction, %%<
isophthalic acid (5) 63.8 98.0 45.4
phthalic acid (6) 72.9 17.0 16.2
cis-1,4-cyclohexane- 56.5 99.8 52.9
dicarboxylic acid (7)
trans-1,4-cyclohexane- 53.5 99.9 52.2

dicarboxylic acid (8)

¢Milligrams of substrate adsorbed per gram of alumina, prepared
from a 1% DMF solution (10 mL) and alumina (] g). ®The maximum
value of [(monomethy! ester)/{(dicarboxylic acid) + (monomethy! es-
ter) + (dimethyl ester)}] X 100. ¢In a 1% DMTF solution.

carboxyl group is adsorbed to alumina.

Temperature Effect on Selectivity. The maximum selectivity
for the formation of monoester 2 is plotted against the reaction
temperature in Figure 3. For these reactions, trans-decalin is
the suspending agent, as it provides a wider temperature range
than cyclohexane. As can be seen from this figure, there is no
significant suspending agent effect on the selectivity in the ex-
periments at 25 and 50 °C. The maximum selectivity for 2
decreases with increasing temperature. At 122 °C, 2 is obtained
in 80% selectivity, while at 0 °C, 2 is obtained quantitatively. In
the experiment at 122 °C, desorbed 1 and 2 are not detected in
the suspending agent. Accordingly, the reaction is carried out
dominantly on the alumina surface, not in the suspending agent.

At higher temperatures, the regeneration of the free carboxyl
group from the adsorbed one is accelerated by the capture of the
proton on the alumina surface, as in the case of water addition
to the alumina. This causes a decrease of selectivity for 2 as shown
in Figure 3.

Selective Monomethyl Esterification of Phthalic Acids and
1,4-Cyclohexanedicarboxylic Acids. Isophthalic acid (5), phthalic
acid (6), and cis- and trans-1,4-cyclohexanedicarboxylic acids (7
and 8, respectively) can be reacted with diazomethane in the same
way as terephthalic acid (1). The results are summarized in Table
II. This table shows that §, 7, and 8 are monomethyl-esterified
in the same highly selective manner as in the case of terephthalic
acid and consistent with their adsorption on the alumina through
only one carboxyl group. On the other hand, 6 gives monomethyl
phthalate only at a maximum 17% mole fraction, which is
equivalent to the amount obtained in a homogeneous reaction in
a DMF solution. These results suggest that the two carboxyl
groups of 6 interact strongly with each other and that they do not
react independently on the alumina surface and/or in solution.

Table II also shows that cis-dicarboxylic acid 7 is quantitatively
converted into the monomethyl ester. This indicates that the
cyclohexane ring of 7 assumes the chair form and its two carboxyl
groups are apart from each other and extended in different di-
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Table III. Selective Monomethy] Esterification of Aliphatic
Dicarboxylic Acids

selectivity for

monomethyl
substrate amt of  selectivity for ester in

HO,C(CH;),CO,H adsorbed  monomethyl homogeneous
n substrate? ester, %b reaction, %%

3 56.8 99.9 62.6

4 47.8 99.5 54.8

5 57.1 99.5 54.3

6 56.3 98.4 54.7

7 58.8 99.0 60.2

8 65.4 99.9 61.3

10 50.5 99.9 53.4

¢Milligrams of substrate adsorbed per gram of alumina, prepared
from a 1% DMF solution (10 mL) and alumina (1 g). ®The maximum
value of [(monomethy] ester)/{(dicarboxylic acid) + (monomethyl! es-
ter) + (dimethyl ester)}] X 100. ¢In a 1% DMF solution.
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Figure 4. Adsorption isotherm of dicarboxylic acids on alumina at 30
°C: (0) 1; (4) 5, (O) 6; (@) 9; (m) 10.

rections. If the cyclohexane ring of 7 assumes the boat form, its
carboxyl groups are brought closer together, and hence selective
monomethyl esterification using alumina would be unsuccessful
because of either the interaction between the two carboxyl groups
as in the case of 6 or the adsorption by both carboxyl groups at
the same time.

Reaction of Aliphatic Dicarboxylic Acids with Straight Chains.
The results for the selective monomethyl esterification of aliphatic
dicarboxylic acids with straight chains are summarized in Table
III.  The table shows that all the carboxylic acids tested are
quantitatively converted to the corresponding monomethyl esters
by use of alumina; whereas, in solutions they are converted to the
monomethyl esters with only a 50-60% selectivity. On the alumina
the reaction profiles of these acids are in accord with that of the
acid 1 (Figure 1), and the ranges of diazomethane yielding the
monomethyl esters are wider than that yielding the monoester 2.
For example, the range for the amounts of diazomethane yielding
the monomethyl suberate is 5.6 times as wide as that for 2. On
the other hand, the reaction profiles in solution are in accord with
that of 1.

Two models of adsorption can be considered for these acids.
One is a molecule bridging the adsorbent surface by adsorption
of both carboxyl groups, and the other involves only one carboxyl
group from the molecule adsorbed on the alumina. In the latter
casg, it is possible to produce monomethyl esters selectively by
esterification of the free carboxyl group like in the case of tere-
phthalic acid (1). On the basis of molecular models, glutaric acid
can be adsorbed with both carboxyl groups at one time. Di-
carboxylic acids with longer carbon chains are expected to be
adsorbed stably through both carboxyl groups. However, the
results in Table III for aliphatic dicarboxylic acids with straight
chains are similar to the results for 1 and are consistent with the
adsorption of one carboxyl group on the alumina similar to 1.
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Table IV. Selective Monomethy] Esterification of Terephthalic Acid (1)?

Ogawa, Chihara, and Taya

selectivity for

monoegster in

molar reaction reaction selectivity for homogeneous

reagent ratio® time, min temp, °C monoester, %° reaction, %°¢
CH;C¢H,-p-N=N—NHCH;, 1.0 120 25 84.1 46.4
(CH,0),80, 1.5 120 25 72.2 55.4
(CH;),NCH(OCH,), 413 120 60 724 68.1
BF,CH,OH 136.6 15 100 49.6 483

The alumina sample held 77.6 mg of adsorbed 1 per gram of alumina. ®Moles of reagent per mole of 1 adsorbed. “The maximum value of [2/{1
+ 2 + 3}] X 100. The compound 3 is the dimethyl ester. “In a 1% DMF solution.

Adsorption isotherms for phthalic acids, suberic acid (9), and
dodecanedioic acid (10) have been measured on alumina. These
acids attain actual equilibrium after 5 h at 30 °C. As shown in
Figure 4, the adsorption of all these acids reaches saturation if
the concentration of the solution is higher than 0.04 mol/L. In
the case of both 9 and 10, saturation amounts to 4.0 X 107 mol
per gram of alumina. The specific surface area of the alumina
powder used is 158 m?/g by BET measurement. Thus, one
molecule of 9 and/or 10 occupies 0.66 nm? on the alumina surface.
Although the critical cross section for aliphatic carboxylic acid
determined from their monomolecular layers spread over a flat
surface of water is 0.205 nm?,'8 a value 0.66 nm? is determined
on an alumina surface with micropore structure. This is fairly
good agreement between these two values taking into account the
differences in the experimental conditions. The aliphatic di-
carboxylic acids are considered to be adsorbed as a monomolecular
layer on alumina and to form a stable membranelike structure
with the aid of van der Waals interactions among the methylene
groups. This explains why a wider range of diazomethane yields
only the aliphatic monomethyl esters compared to the range of
diazomethane that yields 2.

Similarly, ozonation of aliphatic acetates and succinates ad-
sorbed on silica gel® and terminal chlorination of octanoic acid
on alumina® are also interpreted by this effect.

Methyl Esterification by Other Reagents. Some other meth-
ylating reagents also lead to the selective monomethyl esterification
of terephthalic acid. The reaction with dimethyl sulfate proceeds
without addition of potassium carbonate. As can been seen from
Table IV when dimethyl sulfate and 1-methyl-3-p-tolyltriazene
are used, the selective formation of monoester 2 on alumina is
higher than the usual method. Usually several moles of the reagent
per mole of carboxyl group are used for the reaction.'>? A little
improvement is observed in the selective reaction on the alumina
when N,N-dimethylformamide dimethyl acetal is used. When
the boron trifluoride-methanol complex is used, no improvement
is observed in the selectivity. The results of all these experiments
show that diazomethane is the best reagent. Not only does it have
the highest reactivity among all the reagents tested, but in addition
it gives nitrogen as the only byproduct from the reaction.

Selective Reduction of Terephthalic Acid (1) to 4-Carboxybenzyl
Alcohol with Diborane. An attempt to selectively reduce 1 ad-
sorbed on alumina with diborane results in the formation of 97%
4-carboxybenzyl alcohol and 3% intact acid 1. The reaction profile
for homogeneous reduction in a diglyme solution is similar to that
for homogeneous esterification of acid 1 with diazomethane, and
4-carboxybenzyl alcohol is obtained with a maximum 50% se-
lectivity. Thus, the present procedure is useful for the selective
reduction of 1 to 4-carboxybenzyl alcohol. It is reported that
carboxylic acids such as benzoic acid (4) and caproic acid are
reduced by diborane to benzyl alcohol and 1-hexanol, respectively,
but that the carboxylic salts are not reduced under the same
conditions.! The situation for a carboxyl group in a salt is similar
to that for the carboxyl group adsorbed on alumina. Other

(18) Adam, N. K. Proc. R. Soc. London, Ser. 4 1922, 101, 452-472.

(19) Sabih, K.; Klaassen, C. D.; Sabih, K. J. Pharm. Sci. 1971, 60,
745-748.

(20) (a) White, E. H.; Baum, A. A.; Eitel, D. E. “Organic Syntheses”;
Wiley: New York, 1973; Collect. Vol. V, pp 797-800. (b) White, E. H.;
Scherrer, H. Telrahedron Lell. 1961, 758-762.

(21) Brown, H. C.; Rao, B. C. S. J. Am. Chem. Soc. 1960, 82, 681-686.

reagents which have different reactivities toward the free carboxyl
group and the carboxylate anion are likely to yield selective re-
action products following this procedure.

Experimental Section

Materials. Diazomethane was prepared from N-methyl-N-nitroso-p-
toluenesulfonamide?? without ether and was carried in a stream of ni-
trogen through a drying tube containing potassium hydroxide pellets and
then into the reaction vessel. A mixture of c¢is- and 1rans-1,4-cyclo-
hexanedicarboxylic acid (7 and 8, respectively) was commercially ob-
tained, and the cis and trans isomers were separated by fractional crys-
tallization from water (cis, mp 169 °C; trans, mp 313 °C. Alumina {a
gift from the Catalysis Society of Japan (JRC-ALO-5); y-type, 60—200
mesh, modal pore diameter 55 A, Na,O content 0.02%} {it was certified
that Merck’s neutral and basic aluminum oxide 90 for column chroma-
tography (Art. 1077 and 1076, respectively) were also effective adsor-
bents for the selective monomethyl esterification of dicarboxylic acid 1
by this procedure} silica gel (Wako Chemicals; 200 mesh, for column
chromatographic use, average pore diameter 80 A), 28.6% alumina
Si0,-A1,0; (JRC-SAH-1; Na,O content 0.013%), and 13.8% alumina
Si0,-Al,0; (JRC-SAL-2; Na,O content 0.012%) were dried at 110 °C
for a day and stored in a desiccator. Other materials were commercially
available and used without further purification.

Preparation of Adsorbed Samples. One gram of alumina powder was
added to 10 mL of a 1% solution of terephthalic acid (1) in DMF. The
mixture was allowed to stand for 8 h at 30 °C with occasional shaking.
Then the alumina was filtered off, washed with a small amount of DMF,
and dried under reduced pressure for 30 min. This alumina sample
contained 77.6 mg of 1 and about 20 mg of DMF per gram of alumina.

Reaction Procedure. About 6.4 mL (5 g) of cyclohexane and 500 mg
of the alumina sample were placed in a reaction vessel. A calculated
amount of diazomethane was introduced into the reaction vessel with
vigorous stirring. After all the diazomethane had been consumed or
passed through the reaction vessel, the alumina was transferred to a glass
column and eluted with DMF. After the eluate was concentrated, the
product was analyzed. No reaction other than esterification was ob-
served.

Another simple procedure was also used without cyclohexane. About
300 mg of the alumina sample was packed into a glass column (4-mm
i.d.), and diazomethane was introduced to the column in a stream of
nitrogen. Formation of monomethyl terephthalate (2) was not detected
by this reaction method, and dimethyl terephthalate (3) was produced
at the entrance end of the column, where diazomethane might be present
in high concentrations. Consequently, this method was not suitable for
the selective reaction.

Methy] esterification of terephthalic acid adsorbed on alumina with
dimethyl sulfate was carried out according to the usual method® by use
of cyclohexane as a suspending agent at room temperature. However,
potassium carbonate to activate the carboxyl groups was not necessary
in this procedure. Methyl esterification with 1-methyl-3-p-tolyltriazene
was carried out in cyclohexane as a suspending agent at room tempera-
ture. Other details are described in the literature.? Methyl esterification
with NV, N-dimethylformamide dimethy] acetal was carried out according
to the literature? in cyclohexane at 60 °C. Methyl esterification with
a boron trifluoride-methanol complex was carried out according to the
literature without a suspending agent at 100 °C.2#

Analysis. All the reaction products were identified as being identical
with authentic samples, commercial products, or synthetic products. The
reaction samples were analyzed by GLC with a poly(ethylene glycol)
20000 column, GSC with a Chromosorb 10] column, or HPLC with a

(22) de Boer, Th. J.; Backer, H. J. “Organic Syntheses”; Wiley: New
York, 1963; Collect. Vol. 1V, pp 250-253.

(23) (a) Thenot, J.-P.; Horning, E. C.; Stafford, M.; Horning, M. G. Anal.
Let1. 1972, 5, 217-223. (b) Thenot, J. P.: Horning, E. C. Anal. Lel1. 1972,
5, 519-529.

(24) Kleiman, R.; Spencer, G. F.; Earle, F. R. Lipids 1969, 4, 118-122.
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C18 or C8 column. The adsorption amounts of benzoic acid (4), phthalic
acid (6), isophthalic acid (5), and terephthalic acid (1) on alumina were
determined by measurement of the UV absorption of the supernatant
solution at 270.4 nm (¢ 899.6), 276.4 (1292), 288.2 (846.3), and 283
(1840), respectively. For the other dicarboxylic acids, the adsorption
amounts adsorbed were determined by acid—base titration of the super-
natnat solution.
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Abstract: The interaction between N-tosyl-a- and N-tosyl-3-alanine and the copper(II) ion in aqueous solution at different
pH gives rise to the formation of two types of compounds differing from each other by virtue of the presence on the amino
acid of neutral (type 1) or deprotonated (type 2) NH group. Type 1 complexes are simple green complexes of formula Cu(Tsala),
(Tsala™ = N-tosylalaninate anion), which show physical properties indicating dimeric or polymeric structure like copper(II)
acetates and their amine adducts of formula Cu(Tsala),B, (B = imidazole (ImH), N-methylimidazole (MeImH), piperidine
(PipdH), and morpholine (MorfH), and Tsala™ = N-tosyl-8-alaninate anion; B = ImH and MeIlmH, and Tsala™ = N-to-
syl-a-alaninate anion), which present physical properties similar to those of Cu(Ts-g-ala),(ImH),, the crystal structure of
which has also been determined. The Cu(Ts-$-ala),(ImH), complex crystallizes in monoclinic P2, /s space group with a =
14287 () A, b=17.169 (1) A, c = 16.363 (2) A, 8 =110.6 (1)°, Z = 2. Coordination around the copper, lying on the center
of symmetry, is square planar and involves two centrosymmetric carboxylic oxygens of two amino acids and two imidazole
molecules. Type 2 complexes contain only compounds of N-tosyl-a-alanine which present a coordinative behavior, strictly
dependent on the pH of the solution, separating at pH 5 a blue compound of formula Cu(Ts-a-H_,ala)-3H,0 (Ts-a-H_,ala®
= N-tosyl-a-alaninate dianion; the NH group is also deprotonated) and at pH >7 compounds of formula A,[Cu(Ts-a-H_ala),]
(A = K", piperidinium (PipdH,*), morpholinium (MorfH,*) cations). The crystals of [Cu(Ts-a-H_,ala)(H,0),]-H,0 are
orthorhombic, space group Phca with a = 27.198 (3) A, 5=9.001 (1) A, ¢ = 11.908 (1) A, and Z = 8. The structure consists
of polymeric [Cu(Ts-a-H_;ala)(H,0),], units, in which each copper atom is five-coordinated in a distorted square pyramid
involving, at the base, the deprotonated amide nitrogen, one carboxylic oxygen, and two water molecules. The apex of the
pyramid is occupied by a second carboxylate oxygen belonging to an adjacent amino acid molecule. The [PipdH,],[Cu-
(Ts-a-H_jala),]-H,0 complex crystallizes in monoclinic C2/c space group with a = 19.407 (2) A, 5 =9.950 (1) A, ¢ = 18.930
(2) A, 8=99.35(1)°, and Z = 4. The structure consists of piperidinium cations and [Cu(Ts-a-H_,ala),]?" anions. Coordination
around the copper involves two centrosymmetric amino acid molecules coordinating via deprotonated sulfonamide nitrogen
and one carboxylate oxygen in a square-planar arrangement. Magnetic and spectroscopic (EPR, IR, and vis) properties of
all the complexes are reported. The ability of a- and 8-carboxylic groups to behave as primary ligating groups is discussed.

It is known that the metal ion substitution of amide proton is
a very difficult process as it suffers from competition from the
metal ion hydrolysis reaction. Only the presence of a primary
ligating site (or anchor) or the ligand molecule favoring a 5- or
6-membered chelate ring formation, permits pH regions to be

(1) (a) University of Modena. (b) University of Parma. (c) University
of Bari.

reached where substitution of a metal ion for an amide hydrogen
may occur.’

In particular, the COO™ group is commonly believed to be
ineffective as primary ligating group in promoting ionization of

(2) Sigel, H.; Martin, R. B. Chem. Rev. 1982, 82, 385 and references
therein.
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