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Cyclodextrin-Based Artificial Acyltransferase: ylglycine ethyl esteB in 5% aqueous MeOH afforded carboxa-
Substrate-Specific Catalytic Amidation of Carboxylic mide4 in 76% yield (Scheme 1). Use of a catalytic amoun8of
Acids in Aqueous Solvent (0.2 equiv) also gavel in 71% vyield. Without use of3, the

Munetaka Kunishima,* Kazuma Yoshimura, Hiroshi Morigaki condensation did not take place to a discernible extent. These

Reiko Kawamata Ke’iji Teraband Shohei Tani ' findings clearly mgjlcate_that CDMT cannot react directly with

' . . the carboxylate anioh by itself in the absence & and therefore,
Faculty of Pharmaceutical Sciences and  that intervention o8 as a catalyst is essential for the condensation.

High Technology Research Center \ye pelieve that ammoniotriazir® should be generated from

___Kobe Gakuin Uniersity CDMT by the reaction with amin@ as an actual condensing
Nishi-ku, Kobe 651-2180, Japan agent, as observed in the reaction of CDMT ahdhethylmor-
Receied July 9, 2001 pholine that produces reactive DMT-MM (eq®Ef The reaction

We report herein for the first time a new, cyclodextrin (CD)-

based artificial enzyme that efficiently mimics an acyltransferase. )O\Me 1 3
The reaction involves substrate-specific condensation of aromatic 3 NN CI” E i‘
carboxylic acids that possess a strong affinity for the CD cavity, comT Meo)\\N ! ﬁ/\H/OEt
with amines to give carboxamides. The artificial enzyme catalyzes Me;
in situ activation of the carboxylic acid in an aqueous solvent OMe
leading to the formation of an acyloxytriazine (activated ester), P eq1
which undergoes aminolysis to give an amide. i Noe 2 A
In the biomimetic chemistry using CD or its derivatives, many MeO” N OJ\©\
studies on a hydrolase model, especially chymotrypsin, have been 6 +BU

reported-? By contrast, artificial enzyme models catalyzing the
reverse reaction, dehydrating condensation between carboxylic . o o
acids and amines, have not appeared. Aqueous media generall@f 5 and 1 would afford reactive acyloxytriazing°~® which in
increase the hydrophobic effect, and therefore, promote the UM undergoes aminolysis with ami@eo give the carboxamide
formation of an inclusion complex between CD and hydrophobic 4.9 Since3 is reg_enerated by attack of carboxyl@ten the triazino
substancedIn fact, most reactions employing CD were carried 9roup (_)f5, it enjoy the reuse in the next catalytic cycle for further
out in aqueous medfagenerally, CD-based enzyme-like reactions activation of carboxylates. _
should tolerate and enjoy the use of aqueous solvent. This ©On the basis of this finding, we have designed a substrate-
limitation is probably responsible for the lack of enzymatic models SPecific, catalytic system mimicking &vacyltransferase in which
of dehydrating condensation between carboxylic acids and amines 2 p-CD 7 possessingN,N-dimethylglycyl group acts as an
which are generally carried out under dry conditiénsa in situ apoenzyme. As shown in Scheme72is activated by coupling
activation of an acid moiety in aqueous media. with CDMT (coenzyme) through the dimethylamino group to give
Recently, we have introduced 4-(4,6-dimethoxy-1,3,5-triazin- & reactive holoenzyme corresponding to5. An aromatic
2-yl)-4-methylmorpholinium chloride (DMT-MM) as a new
dehydrating condensing agénghich enables us to carry out the
direct one-pot condensation of carboxylic acids and amines in
water or alcoholg.In the course of the study, we now found a o
novel catalytic system for formation of carboxamides in aqueous TN
solvent. Condensation of sodiumtdr-butylbenzoatel with
benzylamine hydrochlorid2 using 2-chloro-4,6-dimethoxy-1,3,5-
triazine (CDMT) and a stoichiometric amount b N-dimeth-
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carboxylated (1.5 equiv) and®a (1.5 equiv) and a stoichiometric
amount (1.0 equiv) of the catalygiat room temperature. Highly
selective condensation toward carboxylatver9ain a ratio of
88:12 was observed (run 1). For comparison, a control experimen
using a combination 03 and heptakis(2,3,6-trimethy-CD 10
instead of7 was carried out, in which no selectivit}:9a = 52:

48) was obtained. The results indicate that the substrate binding

site (CD moiety) and the catalytic site (dimethylamino group)

must be linked to each other to achieve the substrate-specific

activation ofl. When the amount of was reduced to 0.2 equiv,
both the selectivity and the yields of amides were found to be

almost unchanged (run 3). Thus, the present artificial enzymatic

system involves turnover of the catalyst. A competitive reaction
of 1 and sodium 3,5-dimethylbenzoa@b with either 2 or
propylamine hydrochloridé1 also showed high selectivities of

92:8 or 91:9, respectively, whereas a control experiment showed

no selectivity (runs 46). The observed selectivity can be
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Table 1. Substrate-Specific Formation of Carboxamide by CD
Catalyst

t—Bu—@—COZNa !—BUOCONHRZ
R2NH*CI™ (1 equiv)
1 (1.5 equiv) (2: R? = PhCHy; 11: C3Hy) 4--butylbenzamide
R catalyst R! *
CDMT (1 equiv) "
CO2Na HoO/MeOH (95:5) CONHR
t
R' 9 (1.5 equiv) R! . .
(@a: R'= £Bu 9b R = Me) 3,5-dialkylbenzamide
ratio
ammonium catalyst time vyield®  (4-+t-Bu-:
run salt carboxylates (equiv) (h) (%) 3,5-dialkyl-)
12 2 1,9 7(2) 9 90 88:12
22 2 1,9a 3(1),10(1) 16 54 52:48
3? 2 1,9a 7(0.2) 20 87 87:13
4p 2 1,9 7(0.2) 48 80 92:8
50 2 1,9 3(0.2),10(0.2) 48 80 51:49
&b 11 1,9b 7(0.2) 48 77 91:9

a2 A methanolic solution of CDMT an@ was added over a period
of 5 h by asyringe pump? CDMT in MeOH was added to an aqueous
solution of other reactants by one portiéTotal yields of amides.

Table 2. Pseudo-First-Order Rate Constants for Catalytic
Acylation of 112

carboxylates catalyst obsa(Min~1)
1 7 9.0x 1073
1 3 0.7x 1078
9b 7 1.8x 1073

aPerformed at 50C in 1 M E&N—HCI (pH 9) containing 10%
MeOH. [carboxylate}= 22.5 mM; [11] = 15 mM; [catalyst]= 3 mM;
[CDMT] = 15 mM.

attributed to the differences in affinity of the substrates to the
CD cavity of 7.2

Table 2 summarizes the pseudo-first-order rate constants for
acylation of11 with 1 or 9b at 50°C, pH 9. Most importantly,
the CD-based cataly3taccelerates the condensatioriidfandl
by a factor of 13, compared to simple catalgstCondensation
rate of carboxylaté with 11 catalyzed by apoenzynieis 5 times
greater than that o®b, which combined with differences in
competitive affinity of these substratésand9b toward 7 may
result in the observed selectivity (ca 9:1) in the competitive
treaction (Table 1, run 6Y.

It is noteworthy that product inhibitiotf,caused by a competi-
tive binding of a hydrophobic part of the product to the cavity of
catalyst7, can be avoided by precipitation of the produced amides
under the conditions, because the amides are almost insoluble in
the solvent used (5% aqueous MeOH) while other reactants are
soluble. In fact, when the competitive reaction betwgemd9b
was carried out under the same conditions as Table 1, run 4,
except for use of amidé (1 equiv) as an additive, the selectivity
remained unchanged (92:8, 75% vyield).

There are several reports on enzyme models catalyzing the
formation of carboxamide®. All of the reported reactions
employed reactive acylating compounds such as activated esters
that had been prepared separately prior to use in catalytic
reactions, in which catalysts hold both the activated acyl moiety
and an amine in proximity to accelerate their coupling. In contrast,
our system provides a new conception of the acyltransferase
reaction, in which the substrate specificity is achieved in the
activation step of carboxylic acids in an aqueous solvent. Further
kinetic characterization on the enzyme model reaction is under
investigation.
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