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Treatment of the mononuclear amide-appended zinc complex Scheme 1

[(ppbpa)Zn](ClOy), (1(ClO4),) with Me;NOH+5H,0 in CD3CN/D,0 e P CD,CN-CD,0D . -,
(3:1) results in the formation of the deprotonated amide species = N_‘;ﬂﬁ\\N\ ] (€02 menoHsHo ,={ T N” ) cios
[(ppbpa™)Zn]CIO,4 (2). Upon heating in CDsCN/D,0, this complex N Jﬂ;@ T o N /N_T"\)/pg
undergoes amide hydrolysis to produce a zinc carboxylate product, - Me,NCIO, 2 N =
[(ambpa)Zn(0,CC(CHs)3)ICIO, (3). X-ray crystallography, *H and 1(ClO4),

13C NMR, IR, and elemental analysis were used to characterize €0:0D

3. The hydrolysis reaction of 1(ClQ,), exhibits saturation kinetic
behavior with respect to the concentration of D,O. Variable-

H
temperature kinetic studies of the amide hydrolysis reaction yielded _Nchl’/ ! ton _{ P PT) co
AH* = 18.0(5) kcal/mol and AS* = —22(2) eu. These activation Q % ! A~
|

—Z
. . I
parameters are compared to those of the corresponding amide N

methanolysis reaction of 1(ClO,),. )
H,0, -CD;0D
Zinc-containing enzymes catalyze the hydrolysis of amide £ ® D\thocos -1,
bonds in peptide and small molecule substrateserest in _NDzCIJ = “or CD,0D ={ 9 ) cos
elucidating mechanistic details relevant to such reactions has S ,N—Zn“‘\‘N S i ! \ /N_T”\ N
led to the development of synthetic model systems that IL\/O o NA
exhibit amide hydrolysis reactivity Despite these efforts, \ ~ / _Hocos

relatively few mechanistic studies of Zn(Il)-promoted amide The nucearity of these methoxide
hydrolysis reactions involving well-characterized mono-  andhydroxide sbecies has not been
nuclear zinc complexes have been reported. In this regard,

Groves and Chambers reported studies of an amide hydroly- - zjnc-promoted amide methanolysis reactions have been

Sis reaction inVOIVing an internal amide substrate wherein probed as ana'ogues to the hydro'ysis reacﬁdNe_ recently

the amide carbonyl oxygen atom could not coordinate to the reported mechanistic studies of a novel zinc-promoted amide

zinc centef Examination of the rate of reaction as a function methanolysis reaction involving a zinc compleXlOy).,

of temperature yielded activation parametexsit = 22(1) Scheme 1) with an internal amide substfat&ctivation
kcal/mol andAS" = —18(3) eu) consistent with intramo-  parameters for this reactiolid* = 15.0(3) kcal/mol and
lecular attack of a ZnOH moiety on the amide carbonyl  ASF —33(1) eu; from an Eyring plot of second-order rate
carbon in the rate-determining step. constants) argenerallysimilar to those reported by Groves

and Chambers. This led us to propose a mechanism wherein

*To whom correspondence should be addressed. E-mail: berreau@the rate-determining step of the reaction involves attack of
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the nucleophile at the amide carbonyl carboi)((Scheme
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Scheme 2
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1), although rate-determining breakdown of the tetrahedral
intermediate cannot be ruled ouBj( Scheme 1). A novel

aspect of this proposed mechanism is the formation of a
deprotonated amide intermediat@) (prior to the rate- Figure 1. ORTEP representation of one of the two cations found in the

etermining step. Evidence for the involvement of this asymmetric unit o8-0.25H0. Ellipsoids are drawn at the 50% probability
g p
intermediate has been previously repoﬁed level. Hydrogen atoms except the amine hydrogens are not included for

clarity.

To investigate how the nature of the nucleophile influences Table 1. Ob 4 Rate © o the Amide Hvdrolveis React

H H H H aple 1. serve ate Constants for the Amide yarolysis eaction
the am@e cleav_age reaction, we have examined the amldeOf 1(CIO4), in CDSCN/D,0?

hydrolysis chemistry of [(ppbpa)Zn](CIR (1(ClO,),, ppbpa

= N-(((6-pivaloylamido)-2-pyridyl)methyIN,N-bis((2-py- temp (K) [D0] (M) Kabs(s ™)
ridyl)methyl)amine). Treatment df{CIOj), with Me;NOH- 315 13.8 3.18(12) 10°°
. - ) . 325 13.8 8.37(58k 1075
5H,0 in acetonitrile/water (50:50) followed by heating at 336 138 1.80(4) 10~
reflux for ~2.5 h yielded [(ambpa)Zn({@C(CH)3]ClO, (3; 342) 13.8 4.47(23x 10;4
ambpa= N-((6-amino-2-pyridy)methyl)N,N-bis((2-pyridyl- gg ¢ 13_-30 i:%ggi 154
)methyl)amine) in 71% isolated yield after workup and 336 3.45 9.15(45) 10°5
recrystallization (acetonitrile/water; Scheme 2). Com@ex 33@ 1.73 5.85(35) 1075
has been characterized by X-ray crystallographlyand3C 33¢ 0.865 3.00(23)< 10°°
NMR, FTIR, and elemental analysis. a[1(ClO4)2] = 0.021 M in all experiments® Reaction performed by
An ORTEP drawing of one of the two cations found in eating1(ClOs) with 1 equiv of proton sponge in GON/D;O.
the asymmetric unit 08-0.25H0 is shown in Figure 1. The 0.00020 -
zinc center in each cation has a distorted trigonal bipyramidal
geometry £ = 0.81, Zn(1)z = 0.94, Zn(2)) In both cations °
the carboxylate is coordinated in a monodentate fashion. 0.00015 - °
The biggest differences between the two independent cations _
involve the Zn(1)-N(2)/Zn(2)-N(2A) distances (2.082(3)/ T
2.159(3) A), the O(1)}Zn(1)~N(2)/O(1A)-Zn(2)—N(2A) 3 oowto ]
angles (104.11(11)/96.62(T}) and bond angles of the
equatorial plane. 0.00005 -
In theH NMR spectrum of3 thet-butyl methyl resonance
of the bound carboxylate is found at 1.34 ppm. This signal
is upfield of thet-butyl methyl resonance of the amide moiety 0 ' , ' x . . ~
in 1(ClO4), (1.56 ppm) under identical conditions. ° 2 4 & 5 0 @ W
Treatment of1(ClO,), with Me;NOH-5H,0 in CD;CN/ P20 (M)

D,O (3:1) initially results in the formation of deprotonated Figure 2. Plot of [D;0] versuskos for the amide hydrolysis 0f(ClO)z
amide complex [(ppbpazn]CIO, (2) and M@NCIO,. This K-

zinc complex exhibits a@-butyl methyl resonance at 1.39 ) ) )
ppm3 Heating of the deprotonated amide complex ins€D Attempts to probe thg rate of the gm!de hydrolysis reaction
CN/D,O (3:1) results in the formation &. Monitoring of ~ Of 1(ClO4)2 as a function of [RO] initially proved prob-
the disappearance of the 1.39 ppm signal of [(pp)#@ClO, lematic starting fromi(ClO.), and M@NOH-5H;0 in CDs-
as a function of time yielded the pseudo-first-order rate CN/D-O. This may due to the presence of waters of hydration
constants given in Table 1. The rate-determining step of the N M&aNOH-5H;0. To avoid this problem an alternative base,
reaction is first-order in [(ppbpdZn]ClO, (and therefore ~ Proton sponge, was use_d. A pIO_tkaB?as afuncfuon _of [BO]
1(Cl0Oy),), as evidenced by the fact that changing the for the amide hydrolysis reaction is shown in Figure 2. At

concentration ofL(ClO,), from 0.021 to 0.0021 M resulted low concentrations of BD, the rate of the reaction increases
in a 10-fold decrease ikups linearly with [D,Q], consistent with a first-order dependence

on the concentration of @ in the rate-determining step.
(6) Addison, A. W.; Rao, T. N.; Reedijk, J.: van Rijn, J.; Verschoor, G, However, at higher concentrations ot@, the rate of the

- % J. Ch?méSJOC-WDaIton“Tra%%é %3431336; LG I D reaction becomes independent gflDconcentration, indicat-
eywegt, G. J.] lesmeijer, . G R, Van Driel, G. J.] Driessen, . e H .
W. L.; Reedik, J.; Noordik, J. HJ. Chem. Soc., Dalton Tran985 mg a meChamsft'C pathwf"ly that is rnorle compllcated t.han a
2177-2184. single steg This saturation behavior is consistent with a
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Scheme 3
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mechanistic pathway (Scheme 2) involving an equilibrium
(K1) prior to an irreversible step having a rate constant
as shown in eq 1. Fitting of the data to this equation yielded
K = 0.19(4) andk, = 2.39(23) x 10* s'1. We note that

kKy4[D;0]

bs = 1+ K,D,0] 1)

. _ . ion
saturation behavior in terms of methanol concentration was

not found for the methanolysis reaction for concentrations
of CD;OD up to~22 M in CD;CN.

COMMUNICATION

Table 2. Thermodynamic Data for the Amide Hydrolysis and
Methanolysis Reactions df(ClOa),2

hydrolysis of methanolysis of
1(ClO4)2 1(ClOy)°
AH* (kcal/mol) 18.0(5) 15.0(2)
AS (eu) —22(2) —28(1)
TAS (kcal/molf —6.6(6) —8.3(3)
AG* (kcal/moly 24.6(11) 23.3(5)

aCalculated using pseudo-first-ordégs) values.? Reference 5¢ 298(1)
K. d Calculated fromAG* = AH* — TAS at 298(1) K.

in Table 2. These data indicate that the slower rate of amide
hydrolysis of1(ClO,),, relative to the methanolysis reaction
of the same complex (hydrolysis (315 K),s= 3.18(12)x
10°s%; methanolysis (318 Kiops= 2.37(12)x 104s™1),5

is due to an unfavorable increase of 3.0 kcal/mol in the
enthalpy of activation4H*) which is offset to some degree
by a smallelTAS term. If the rate-determining step of both
reactions involves, at least in part, attack of a zinc-bound
nucleophile on the carbonyl carbon, the increased enthalpy
of activation for the hydrolysis reaction is consistent with
hydroxide ion being a poorer nucleophile than methoxide

In conclusion, we have characterized the amide hydrolysis
reaction ofL(ClO,),. This reaction exhibits saturation kinetic
behavior consistent with a mechanism involving equilibrium

We propose that the equilibrium in the hydrolysis reaction ¢, mation of a reactive species that subsequently undergoes

involves the deprotonated amide compl@xand DO

amide hydrolysis. Comparison of the activation parameters

(Scheme 3). As we have previously described, the deproto-t, amide hydrolysis and methanolysis provided evidence
nated amide moiety if is stabilized by the presence of the for why the hydrolysis reaction is7 times slower at-315

Zn(Il) center and via delocalization of the anionic charge
into the adjacent pyridyl rin§ The proposed reactive species,
[(d-ppbpa)Zn(OD)]CIQ, is similar to that previously sug-

gested for the amide methanolysis reaction. We note that

analysis of the!H NMR features of the amide hydrolysis
reaction mixtures having [f»] = 13.8 M did not reveal

K. To our knowledge, this is the first direct comparison of
kinetic and thermodynamic parameters of zinc-promoted
amide hydrolysis and methanolysis in the same, well-
characterized systeff. These data are important, as they
provide a benchmark by which to analyze zinc-promoted
amide hydrolysis versus methanolysis reactions.
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