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The effect of solvent on reaction rates has been intensivelyable 1 Summary of second-order rate constants for the reactions
studied:™® A change in solvent from a polar solvent to a non-of PNPA with alicyclic secondary amines in®and in DMSO
polar solvent has been suggested to increase or decreg8taining 2.5% kD at 25°C

reaction rates depending on the type of reactitrisas gen- : ko, M's™
. . L . amines (2)
erally been reported that reactions with anionic nucleophiles inH,O0  in97.5 wiw % DMSO

cause significant rate acceleration, while the ones betweeiu piperazinium ion(NbT) 0.00216 0121

neutral molecules passing through a partially charged transE 1-formylpiperazine(NCHO)  0.0579 0.748

tion state structure exhibit rate retardation upon soIventS'

change from KO to DMSO! The first theory to explain sol- . lf?gﬁhgrlg]e(ga N 106%85 lg.go
vent effect on reaction rates was proposed by Hughes andlpipera);ine)(%CIzéHZOH) ' '
Ingold in 1935’ The qualitative theory could account for a 5. piperazine(NH) 573 819

numper of §o|vent effect on reaction rates. _ . 6. piperidine(CH) 41.2 57.2
Aminolysis of carboxylic esters has been widely investi

gated due to importance in biochemical processes as well as

in synthetic chemistry, and the reaction mechanism has beetrongly polar solvent (#D) to a less polar solvent (DMSO).

fairly well known!~1° However, most studies have been car-In fact, we recently found that the rate for the same reactions

ried out in HO. Reactions in organic solvents such asdecreases upon solvent change fros® itb MeCN** Thus,

DMSO or MeCN have not been much perforiédThe  the present result would be unexpected.

main reason for this is considered to be lackKd pata of In order to investigate the effect of the basicity of amines

amines in such organic solvents. It is well known that sol-on reactivity for the present aminolysisgBsted-type plots

vent change from #D to a dipolar aprotic solvent would have been constructed. As shown in Figure 1, one can see a

influence not only reaction rates but also basicity oflinear Bipnsted-type plot for the reactions run igQH while

aminest>*3 Therefore, the Iga data of amines in the organic

solvent is essential to correlate their reactivity in the organi
solvent.
We have performed a systematic study for the aminolysi: 21
of p-nitrophenyl acetate (PNPA) with a series of secondan CH,
alicyclic amines in KO and in DMSO containing 10 mole % 14
H.O (97.5 wiw % DMSO), and measurelg values of
these amines in pure DMSO. NH
0 o o 0 N-CH,CH,OH
I X
MeC*O@NOZ + N == MeC—0 @NOZ -
I S -1
>NH = ®N-CcHO
(0]
0 . -2 g =0.82+0.07
— - MeC —NH'C + O@Noz r=0.987
/N . 37
HN< = HN Z, Z=CH, NH, NCH,CH,0H, O, NCHO, NH, ]
/
b+ T T T T T
As shown in Table 1, the solvent change froa©OHo 5 6 7 8 9 10 11 12 13
DMSO results in rate enhancements for the reactions ¢ pKa (in H,0) + log p/q

PNPA with the secondary amines. The rate enhancement Is

D : - : - . Figure 1. Br¢gnsted-type plots for the reactions of PNPA with
most significant for the reaction with piperazinium ion, andalicyclic secondary amines in€ (@ ) and in 97.5 wiw % DMSO

nearly negligible for the one With_ piperidine. Based on the(o) at 25.0+0.FC. The plots are statistically corrected by using p
Hughes and Ingold theory, one might expect rate retardatiofind q;i.e., p=2 (except p=4 for piperazinium ion) and q=1 (except
for the present aminolysis upon solvent change from &=2 for piperazine). See reference 16.
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a curved one with highly scattered points for the correspondgen acids in DMSO is due to the strong repulsion between
ing reactions run in DMSO. Such a curvature in@Bted-  the oxy anion (the conjugate base of oxygen acids) and the
type plot has often been observed for aminolysis of carboxyregative dipole end of DMSO. As shown in Table 2, one can
lic esters with a good leaving group, e.g., from a If&ge  see that the amines are generally more basic in DMSO than
value (0.8+0.1) for weakly basic amines to a sfhallvalue  in H)O. However, the difference in basicity is only
(0.2+0.1) for highly basic aminés'® A break or curvature 0.30~1.04 Ea units, which is quite small compared with
in a Brgnsted-type plot has been suggested to be evidence tfat of oxy anions. Furthermore, piperidine appears to be
a change in reaction mechanism or rate-determining steless basic in DMSO than in8 by 0.5 fKa unit. The inter-
(RDS)/"*Therefore, one might attribute the nonlineapBr esting gKa trend is not limited to the cyclic amines but
nsted-type plot shown in Figure 1 to a change in RDS. Howappears to be similar to other aminies, the difference in
ever, the fa values used in the @rsted-type plot are mea- pKa value fpKa =pKa in DMSO - [Ka in HO) has been
sured in HO but not in DMSO. Since the solvent changereported to be +1.3, +0.4 and -0.5 for )NHEtNH, and
from H,O to DMSO would affect the basicity of amines, the ELNH, respectively® Besides, the iga value of piperidine
pKa values in DMSO are essential to construct a reliablén DMSO has been measured to be 10.70 in the present
Brgnsted-type plot. study, which is identical to the reporteldgpvalue of piperi-

The Ka values in DMSO are not available for the presentdine in DMSO*® Therefore, the Iga values and the method
amines except piperidine. Therefore, we have measured acied to measure them in the present study are considered to
dissociation constants of the conjugate acid of all the amindse reliable.

studied using equations (1)-(4). [NHhd [ArOH}, are the
initial concentration of amine and the reference geiiro-
phenol. [NH], [NH'], [ArOH] and [ArOT] are the concen-

In Figure 2 is demonstrated agBsted-type plot for the
reaction of PNPA with the cyclic amines run in DMSO. The
pKa values used are the ones obtained in DMSO. One can

tration of amine, the conjugate acid of amip@jtrophenol  see a linear HBnsted-type plot, indicating that the RDS
andp-nitrophenoxide ion, respectively. [Arfpcan be mea- change does not occur in the present aminolysis. The slope
sured spectrophotometrically using the relationship,(Bnug in Figure 2 is calculated to be 0.77+0.05, which is
A = ebc, wheree = 3.5310* at435 nm and b =0.100 cm. practically identical to the one obtained from the corre-
Since the Ka value ofp-nitrophenol in DMSO has been sponding reaction run inJd® (Bnu,c=0.82+0.07 in Figure 1).
reported to be 11.%,0ne can calculatsa values of all the The magnitude df.,cvalue has been suggested to be a mea-
amines used in the present study from egn (2) by measurirgure of the effective charge developed on the N atom of the

[ArO]. amine in the transition state (TS)° Therefore, one can

ArOH + NH= ArO- + NH;* ) ﬁéﬁ:crtu ltwhi?]t érga;z isntrgtlz\;tlusrce) would be similar for the reac-

Keq = [ArO][NH 2] / [ArOH][NH] '

= [ArO7]2/ [ArOH][NH]
= Kaf"oH / Kal'H2" 2) 3
[NH] = [NH]o— [ArO] (3)
[ArOH] = [ArOH] ,— [ArO] 4)
The Ka values measured in this way are summarized i 27 "
Table 2 together with the data measured i@ lfbr a com-
parison purpose. TheKja value for oxygen acids has been o N-CH,CH,OH
reported to be significantly higher in DMSO than ipCH o '
For example, benzoic acid and phenol are known to be les %’
acidic in DMSO than in BD by 6.9 and 8.1 Ka units, &)
respectively>® Such a large decrease in the acidity of oxy- £ o] o
< g =0.77+0.05
Table 2 pKa values for alicyclic secondary amines igOHand in E r=0.992
DMSO at 25°C NH*
— MSO, -14 z
amine - pK-a ApKa&—a%g'; .
in H,O* in DMSQP p
1. piperazinium ion 5.68 6.72 1.04 P . . . ' ' ' .
2. 1-formylpiperazine 7.98 8.28 0.30 5 é } é é 1'0 1‘1 1'2 13
3. morpholine 8.36 8.94 0.58 pKa (ln DMSO)+|Og p/q
4. 1-@-hydroxyethyl)-  9.38 9.60 0.22
piperazine Figure 2. A Brgnsted-type plot for the reactions of PNPA with
5. piperazine 0.82 10.50 0.68 alicyclic secondary amines in DMSO at 25.0+0C1 The plot is
T ' ' ' statistically corrected by using p andi@,, p=2 (except p=4 for

6. piperidine 11.22 10.70 -0.52 piperazinium ion) and g=1 (except g=2 for piperazine). See

3pKa values taken from ref. 1%pKa values measured in this study. reference 16.
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Figure 3. A plot of Alog k (logk in DMSO - logk in H,O) vsApKa
(pKa in DMSO - Ka in HO) for the reactions of PNPA with
alicyclic secondary amines at 25.0+0CL

In order to evaluate the effect of solvent on rates and equilO-

libria, a plot ofApKa vsAlog k (=log k in DMSO - logk in

H.0) has been constructed. As shown in Figural@ k
increases with increasingpKa, and a good linearity is
observed in the plot. It is evident that the larggs€a for
piperazinium ion is responsible for the largikstg k for it.

The slope of this plot has been calculated to be 0.96+0.13,

indicating that the effect of solvent on basicity is fully 17,

reflected in rates.

Therefore, the nonlinear @nsted-type plot shown in Fig-
ure 1 for the reactions run in DMSO is not due to a change in
the RDS but due to the use of improp#&apvalues. More
systematic studies are currently underway.
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