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Accelerated Cleavage of Glycine p-Nitrophenyl Ester in an Aqucous

Medium by a Crown Ether Compound.

Ronald P. Rohrbach, Gregory D. Lyon, lLicesioJ. Rodrigucz

3

Evan L. Allred,* and Edward M. Eyring*
Contribution from the Department of Chemistry
University of Utah, Salt lLake City, Utah 84112
\bstract Macrocyclic crown ether carboxylates have been in tigated
as catalytic host molecules for the ester cleavage reaction of guest

: ; - FRSRTAE Na E
glycine p-nitrophenyl ester ammonium ion (3-NH3 ) in an aquecous medium.

AN
The result for 3,5-dimethylylbenzoate-18-crown-5 (Ic) shows p-nitrophenol
A

release similar to that of added simple substituted benzoates, whereas
2,6-dimethylylbenzoate-18-crown-S (2¢) shows a significant acceleration
ANy
of the reaction rate. To aid in interpretation of these observations,
rates of complexation and molar equilibrium constants (K) for closely related
amino acid structures were obtained with 18-crown-6 and 18-crown-5 using an
ultrasonic absorption technique. The forward and reverse rate constants
- . . . - 7 .
were uniformly in the vicinity of 10’M 1s™! and 107s 1, Tespectively;
the K values were small. A consideration of the kinetic profile for 3-NH; + 2c
AAAAL Laad
is suggestive of Michaelis-Menten type catalysis dependent on initial com-
plexation between guest and host. A strong competitive inhibition effect by
Na is convincing evidence of this. Structural considerations indicate that
2 : + -
complexation of 3-NH3 and 2¢ fixes the ester group and the carboxylate
Eaad

A
moiety in close proximity and nicely aligned for nucleophilic acyl cleavag

+
In contrast, the 3-NH3 + Ic¢ system has the ester and carboxylate groups to
AAA” :

AAs
i“.( 107 Intrac "'il!;’?\ acyl reaction The diffe rence between the crown
2E 2 2¢ and lc is a striking inifestation of the importance of
- P )
precise binding and catalytic site relationship necessary for catalytic

ity by the host molecule.
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E FThe remarkahle ability of cnz) s to catalyze organic reactions has fascinated
I hemists for a long time. Currently there is considerable interest in the mechanistic
H
| - £ s € Investigation, mostly with cyclodextrin model systems,
|
’ Ly he ortand f the interrelations between complexation, breaking
king of c onds, and decomplexation. This work suggests that selective
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' b ¢ ] 1t 1
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1
~‘ dified to in orate catalytic sites. The crown ether type compounds immediaceiy
l e to mind ttract del systems for investigation since they had not bcen
' studied previously.” Examination of wolecular models (Fisher-Taylor-Hirschfelder) of
. 1 number of cyclic polyethers pinpointed an 18-crown structure which contained a 1,3-
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U 0 0 X 0 N (t:u
[ ] L ~ HoNCH,C
< 3 0 NO,
& U 0 O
l\ 5 J l\ 88 2
' 2
a, X = CO,CHy
h’)( - POAH
‘ ¢, X= COp

Results and Discussion

Synthesis. The macrocyclic polyethers la and 1b were prepared via a procedure
= ~A AN

6,/

based on the general methods used to synthesize related crown-like conpounds. The

i sequence of reaction steps using methyl 3,5-dimethylbenzoate and N-bromosuccinimide (\BE
5
]
as the starting materials is presented in eq 1. The details of reaction and workup prc
’ .
cedures are given in the experimental section. Structures assigned to la and lh derive
A~
directly from the synthetic method and the expected simple proton NMR spectrum with the
o corvect numbers and kinds of signals. The carboxylic acid derivative also showed satis-
! !
2 factory elemental analyses.
‘
P CO,LH3 (ZL)Z\;H:;
! o : 3 1
; = ‘\-,‘ NBS/a + hv . Io‘-fl(it"}‘l}’.cf‘~€ ‘..‘ ol .
il , i - e s
O] T m NaH/THF ;N '
| ~~~ ~CH BrCH;” 7 CH,Br
- +
KOH H
1a 201 SR S LM
EtOH-H,0
e T
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Table I. Some Rate Comparisons for Hydrolysis of Glycine p-Nitrophenyl Ester

. 4 + = . =y
Ammonium Ton (3-NH3) in the Absence and Presence of Additives 1b and 2bh at
AAAN. Ar Ar

25.0° ¢3+P

Run no. Additives [ Additives] 104 k . .
M d
{

1 Non 0 2
NaCl
~
4
4 052
5

. s 4

8 S NaC1l U 02 55
~

G 6 0 050
~

10 1b 0, 005 5.1
A

11 1b 0.012 3.4
AN

12 1b 0.026
e

13 1b 0.057 2.9
AA~

14 2b 0.010 1.6
AL

15 2b 0.018 5.6
A

16 2b 0.023 6.5
"o

17 2b 0.038 7.5
~e

18 2b 0.046 8.3
Eand

19 2b; NaCl 0. 0195 1.0
e x

The standard hydrolysis medium consisted of 0.5% (v/v) acetonitrile
water and 0.3 M 2-picoline buffer with the pll adjusted

b L
conc. HC1, 'he amount of 3 added con responded to 5

~
¢ .
measurements. Each measurement consisted of 15-20 j
of ca - 907 caction. The values are from a least sg treatment
data; the correlation coefficients wer all ca. 0.99.
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tion range. From these considerations, it appeared likely that some kind of cat

activity was involved with 2c. To provide further information about this, compe?
AN
. . - . - - *
inhibition of the reaction of 3-NH, in the pi: ! of 2« 1 added 1
M\5 g "
For comparison purposes, the effects of NaCl on the rates of hydrolysi:
A
- + .
3-NH, + 5 were also determined. [he t t
M\ ro
Table I as runs T2
| S Full
uires it t}
literature SUrvey revealed that little ! 111 1 \ | L A
data is available and that what is known deal inl th me 1 ¢

For the present study it was decmed desirable to obtain complexation kin

: z + 11
organic substituted -NHS group.

Recent investigations in these laboratories have shown an ultrasonic ab

technique to be the method of choice for complexation kinetic measirc

10

ether systems.~ However, in this regard, several practical factors preclud

' : ; - € - ' : ;
examination of the above 5-NH, hydrolysis systems. hese include (1) req '
} +
substrate concentrations (both polyethers and 3-NH, ), (2) experimental
3

sufficient for concurrent hydrolysis of the ester moiety, and (3) a sol

with unknown background ultrasonic properties For these reasons, water
sonic properties are well established,and ami cids of appropriate
chosen for study. The 18-crown-6 and 15-crown-5 polyethers were
omplexing crowns eca e the B
of the 18 her ri i
The ult isonic |} eti1c ¢

nique recently developed here

a-alanine, £-alanine, y-aminobutyric acid, and thi i1 i

polyether. Observations were also collected for glycine in the
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Total ultrasonic absorption data, expressed as a/f" in Np cm "s”, were ob-
tained and analyzed in terms of relaxational and nonrelaxational contributicns. 0
one relaxation process was detected for all cases investigated in the frequency ranoe

examined (15-205 MHz). The best fit of the data was achieved by using the one

14

tion expression given in eq 2. Here a is the ultrasonic absorption ¢
X/ £ Al |
the experimental frequency, f. is the laxation frequ 1 A and
| ) R
laxation amplitude and the background rpt i pectivy o

be calculated A, B, and FR were varied in the fitting process and the best
minimized the root mean square deviation between the experimental and calculate
were used. The results are summarized in Table IT.

As shown in Table II, solutions at the higher concentrations of amino acid

i : ! 2 2 il 3 -3 .2 1
; crown ether gave B values which exceeded the «/f" of 22 x 10 Np cm ~s reported
w1
1 > - : -
for water at 25°C. In the case of the most concentrated solution of threonine znd
i . -17 -1.2 oo e e e S
ether examined B reached 42.2 x 10 Np em "s”. Additional measurements showed these
background absorptions to be consistent with those found for aqueous solutions contain
: ing the same concentrations of amino acids but no crown ether. Such high background
’ . . . . . . s
3 absorptions can be attributed to several effects which include increased viscosity,
| 1¢
{ changes in water structure, and/or the presence of additional unrelaxed processes
In regard to the last of the possible causes, detailed analysis of the data s 1 that
| a process other than complexation caused relaxation was observed only with the ag
i
threonine solutions. For this case the relaxation frequency was estimated te
e N ; ; ) ; : ! o Lo 1
ca. 250 MHz. Comparison of the amplitudes with the corresponding threoni
: : - , J B s : :
tions showed that a direct proportionali ty exists.  This kind of correlati
: : ; 19 .
tive of a relaxation due to a monomolecular process. [t is reasona
. D ‘ 20 ,
such behavior for threonine to intramolecular proton transfer or to some confor
: o R, P4 SRS : : y s Eeet +1
x tional equilibrium. This extra relaxation process is not expected to interfere with
| » . . :
i the threonine-crown ether complexation since the two processes arc separatod in fr
|
e — - VRO




Table II. Relaxation Parameters from Computer Analysis for Aqueous Amino

&i__(l_-'_(ﬁ"_o_x\;rj Ether Complexation at 25.1°C’

[Crown]e [Amino acid], 11,::"/\',?\'11 10° “B,Np 10
Amino Acid M M f MHz cm s cm s
(}l‘\\ ine 0.04
B-Al 0,105 'Y ]
l ] o)
0. 14 1. ¢ ,
y-Aminobutyric 0.156 0.470 17 .4 186. 7 5
Acid
! 0.146 0.626 18.9 1467 24
| 0.131 1.05 1.9 92. 8 28.0
Threonine 0.0617 0.654 135 S7a0 29.0 1
’ 0.0792 0.842 15.0 77.0 32.8 I,
0L 132 £ 40 i8.0 R6. ¢ 4
v 15-Crown-5
.i
, Glycine O A2 1239 IR 62.(
: 0.112 2.10 3
(B0 5 1 £, 6 ¢
| ‘ai‘. bols are defined i1
1= he fitt !




quency by over 200 MHz.

. : : ; & 10 = Sy
Prior studies with aquecous solutions of 18-crown-6 and 15-crown-5 showed

these polyethers exhibited relatively low amplitude concentration indepenedent r

I

pl
tions at 101 and 22,9 MHz, pectively In each case the process was attribut
1 confturmational rearrar nt f th jtel 1

Ot 3 ! h i tat {
( 1 i ti
i
4 tivel rol I i on 1
1S t} el i laxation time . 25 the & 1 ! !
i

r
1 t el Al 1
i T = 2nfp = ke(IC] + [AD)  + k_
FAN 1
3
i equilibrium concentration of crown ether, and [A] is the equilibri COong
amino acid.
. Since information pertaining to the moia:l equilibrium constant (K=k_/}
. for determination of the rate constants kf and k_, spectiroj (
’ L
& - -
K values of the amino acid-crown ether systems were atte
{
{ he - . 1 -
action between amino acid and crown ether and to the 1
chr J‘\'l¥ ( | upper Iimit esti 1L« I K i M~
4 In the al nce f expex 1ital K val 1 1terat 1
( K¢ l[ from t} J 101 O ) 1 j
tir cq 1 I il U I L1dl
s " 1 1 | |
and ¢ro 1 lien of t} L] | f A 1 )
intercept allowed for calculation of a first ipproximation equili
value was used to compute new amino acid and crown ether concent ra ns. Ti

then put through a fitting treatment to give a second estimated equil
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Table 111. Self-consistent Rate and Kinetic Equilibrium Constants for ;
. S : : : a |
Aqucous Amino Acid-Crown Fther Co plexation at 25, 1°C !
Amino acid K. 10°M ™% o ! k ,H)".S ] K,M 1
i I
' ’ i
18 rown-o |
1 ) ( .3
p 1 & 1.1 1.3
( X% 0.1
i Q 2 2 hok 1
{ 1 . 1
{ { ’2
i from the ultrasonic absorption experimental data by the
( tque described in the text (also see reference 255
i
< !
L}
|
:
B
]
]
|
4
]
i
i
{
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paring calculated F"nt and experimental k , . values for added dimethylbenzoic acids
i opsd G
4
1lysis hoth - K 1lues were cqual t er
~ - A { *
rta that ( le t
L i k T 1bh_4l ! tr t
o~ -
1
. ‘
I 5 th rate
i ” - B aad
B t S 1 , o, t nlo bi
! \ the I t
i 1 that 2b i1s th inse of a »‘;\‘1'11 kind of effect.
A
. - - ' * 3 s Y 1
it urvature in the reaction profile of 3-NH, + 2b shown in Figure 1
' AAAAY ro-
4 - ’ : . A o) g B e PR
sugy ve of a Michaelis-Menten type catalysis which depends on initial complex
! 1tion between 2¢ and the substrate. Scveral other pieces of information are sup-
i :
| ortive ot this Complexation between crown cthers and monosubstituted ammonium ions
e 3 3 5,6,11,27,28 2 : 2 g
| s well established.™” "7 # The very rapid attainment of equilibrium and the
E | 11l e Iibrium constant values found for crown ether-ammonium ion complexes in
t IGUeous a (vide supra) are justification for employing the steady-state approxi-
3 ition. It is clear from the kinetic data in Table III that the initial complexation
5 " . ) ] + 3 L 2N x 1 s }
1 b 1nd 3-NH,  will exceed the initial 3 \H% hydrolysis rate by many
“ o < 3 :
| . ten fotl low 2¢ to play the role f a catalyst.
P
| { t i 1 effect deri 1 the
d +
led ¢ 3-NH { 1ction The pert 1t X
5 i
le | ‘ f NaCl, 100 k. _)/K°.
obsd nt [
¢ . 9 , :
f 94 h 0.01 1 2b. When 1 M NaCl is included in a
e
r ; NaCl
! i I 11 00! (k K Y 5 shows that the
g obsd Hlt)/ Ul'\'(!J y '
1 sU . . y .
1s d ised by ca. 50% Fhe lowering of the rate is attributable
1 ek Moy 31 " . :
R i e 1nnili 1on by Na ion Ihis phenomenon is very strong evidence that
n intermediate complex is on the reaction pathway.
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A minimal reaction scheme which fat t
form }):.' cq 7 r the pre i1t e |
o~
rown et [ i ( X
i
{
1
LHhiC i i 1 {
nfl‘i’j 3 A 1VE Burk 5-‘lul'z o8|
tic data in Table L 1 lds a traipght
f 1/k, (Figure 2) Evaluation of th s K
K value compares very favorably with ti ta «
ium ions and 18-crown-6 (Table ITI) d with rcports
It is appropriate to show a contribition e
d
a factor of 10
The kinetic study does not provide informatior
the nature of the cleavage reaction occurring in the
lecul ed t« t o
Ived | lel H.
hree hvdroge; 1 ad 1 R1LTOPEC «“.! ]
t ind 1l { 1 £ CI
his is illustrated schematically by structur
~
and ester groups are nicely aligned for the occurr

Such reaction can be expected to proce

structure 8 and on to p-nitrophenol.
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ol G ('l]'fvl-"h a t¢
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system made it impractical to scck evidence for the format

ts 1 hown in g«

s 1 }
o =y

] .
1

iral 1
ati1ons '
jon f 8

~




3
~]5-
/
81— S e e
] p Q.- |
2 § - !
{2 g |
<
=
-
I
i o
»
§ | a
o
.
' S
{ 1
y 10 12
§
: —
| 1/{2b] (10" M )
4
Figure 2. Lineweaver-Burk plot of ]/(ko’m‘d - kint) VS

1/{2b] for the 3-NH.*
~v <

AAAAy

+ 2b cleavage reaction.
AL

.
t—

- ‘ IR TR i
> o - \ S Dl & s g A e P
i s i R At e g, S e Rt .




5
it is likely that the anhydride intermcdiate with the strongly clectron withdriwing
- + . : 8 ! 33
-CH,NH_, group will hydrolyze rapidly to 2c and glycine.
- 3 o d
0O-C:H )
~C.H,NO>
o' '4 < J
O /
O 0 ( H i 14
( ., 5 i
!~ 4 \ 1 ‘
] { ! N f :
Tl i
b~ H# / ‘ | . ‘
{ i AR s
i1 |
J L !
- A;“l
Al s
;i
3
: . IR
The question of the nature of the reaction of 3-NH, in the prx e of
i ALAN )
i . . ~ . . ~ T + s .
; also of considerable interest. FExamination of the ﬁ—AHs + la plot in } )
e 1 AL
treatment of the kinetic data (Table I) on the basis of the scheme in eq 7
'
! o
k2 is only slightly larger than k . It is evident that there is little f
{ obsd
special clecavage reaction ascribable to the presence of lc Inspection
i a~
; models provides an explanation for this. A complex aznalogous to the
& above (7) has the carboxylate and ester groups too far apart for ef
{ e i
L plex nucleophilic acyl substitution. For the 3 \H;' + lc reacti
*j AAARS PR
able information is indicative of ester cleavage which t
1 al Ll!“' 1y for hyvdrolysis with added aryl carboxylate
i 2 i
| 11 o nt havi I the icrocvelia
acid ester cleay reaction is a striking mani station
cise binding and catalytic site relationship necessary for catalyt 11
plexing host molecule. This finding is especially germane to che eact
complexation plays a central role. A case in point is the current u of model systems
i to study complicated biological processes such as enzyme catalysis and inhibitio
' - ‘ TS
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5 . .
present work anc that of Cram and Choa” suggest that appropriate wacrocvclic polvether

can serve useful roles as surrogates for naturally occurring host compounds in the

of biochemical reactions

. Reparding this, the polycthers are tot

therefore capable of being designed to scrutinize specific reactivity tact
other aspect, crown ether catalysts are of ybvious inicrest ¢
such as the degradation of carboxyliec acid derivative | I
inquiry in this w area of host-g t complexation 1S
\}.l | [i 1 (21t ] i
&11 R : LR e Fian EM-390
1T € (p ) nternal teot thvlsilane i
YOVET a i are 11 ¥ ted.
3,6,9,12,15-Pentaoxabicycletl5.3.1 [heneicosa-1(21),17,19 triene-19-carboxyl
ﬁ?iﬁ;?thfgyn_F}h;r:]h). The methyl ester of 3,5-dimethylbenzoic acid was |

~Ae

esterification with meth

anol and a trace of sulfuric acid. A solution of

of the ester and 60 g (0.34 mol) of N-hromosuccinimide (NBS) in 700 mL of 2

stirred under reflux and irradiated with a 200-W flood lamp for 3 h. When t!

was complete, the white precipitate floating on the surface was filt

solvent was removed under vacuum. The residue was crystallized 1

to give 13 g (33%) of 3,5-bis(bromomethyl}benzoic acid, mp 81 RS

§8.00 (s,2,AxH), 7.61 (s,1,ArH), 4.50 (s,4,CH Br}, 3.91 (s,3,CH, ,
To a stirred sl ry of 2€ (1.1 1) f 11t hydrid n 1 ."

tetrahydrofura F) unde t e 15 added dropwi !

separate Tut of 26 o | f th V€ |

(0.09 mol) of til] ; 1ene 1y P ain 1 i i

refluxed for 24 nd nitr \ led, filtered from the sal

concentrated under vacuum. The concentrate was taken up in (H(lj, waslied 1t ter,

dried, and evaporated. The residue was chromotographed on alumina and the crude ter i

£
was cluted with benzene. This material was rechromotographed on silica gel with ?

cther—CH2C17. Solvent removal gave crystalline la which was recrystallized from

e
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hexane-CH Clz. mp 72-74°C:]H NMR (LDC]S) 87.95 (s,1,ArH}, 7.83 {(s,2,AxH), 4.65 *

2

(s,4,ArCH,0), 3.88 (s,s,cus), 3.71 (s,16,CH,CH,). Anal. Calcd for C  H, 0,:

C,61.02;H,7.34. Found: C,61.19;H,7.08.

Fste la was hydroly i with 1 1
A
with aqueco H( 1 he ol 1t i 1
\'.‘, |
1 1
-
:
1
¢ ), 1 i I t ] ] ¥ 4
Acid™" _(( rown Ether 2b). The methyl ester of 2,6-dimethy] P20«
o~
by reaction of the acid with diazomethane in the usual way The ester was treat
s 2 3 : ik : ] [ £ e
NBS as described above to give 2,¢ his(bromemethyl)benzoic acid: H

(s,3,ArH), 4.59 (s,4,CH,Br), 3.99 .5,3,CH,).

: : : s 1
Application of the above procedure to the 2,6-dibrcmide and tet
1 e > e 5 Sr
gave ester 2a: H NMR{CDE1 .} 67.34 (s,5.AtH), 4.60 (s,4,ArCH- 0), 5.91 [s,3,f 25
o 3 1
(m,16,CH_CH,). Alkaline hydrolysis of 2a followed by acidifi
4 < Ay
5 s L rose 1S . : ‘
2b, mp 101-102.5°C (lit.  100-101°C): H NMR(CBC1,) 610.¢ ‘ S
-
(m,3,ArH), 4.68 (s,4,ArCH,0), 3.76-3.58 (m,16,CH,CH.)
H; 7.09 Found: €,59.92;H 02
+
i1y p-Nitrophenyl H3 ) |
A AN 1
purch B & igma Chemical Co s N-carbobei I
% & thi ] ti1ve ith 1n acet
A 1 } 1no 8 ]‘1\, 1
commercial samples as indicated: glycine (Matl on, Col
99.5% pure); DL-alanine (a-isomer) (J. T. Baker Chemical Co.); B-al
Chemical Co., 98%); DL-threonine (Eastman Organic Chemicals): and 4 tyric
acid (Aldrich Chemical Co., 97%).
.
o S . S m:‘..’ e " - -ﬂ4~'¢-mg’l’;. R . ¥ TR >-‘f‘~‘~







A
Stock solutions of polyether prepared by weight were used to prepare all sanpl
tions by volume. The pH values of the aqueous amino acid-crown ether solutions we
up te 5% higher than those at the re;pective isoelectric points (5.97 for gl
for a-alanine, 6.90 for g-alanine .35 for ¥ ninobutyric acid, S5.¢
25°C. the calculated total concent t 1S of tterios
the total 1NO cent 1 4
1
c} hi
ch L L *
Force Office of Scientific | earch fol M. I and by Grant
ional Science Foundation for E.L.A. L.J.R., on leave from the Uni
was supported by a stipend from the Commiscion for Cultural Exchi veon
U.S. and Spain.
SHPF}FVWVtﬁTV ﬂgtpljglhéyﬁj)ahjgf Listing of the ultrasonic absorption

(Appendix I) for the various aqueous amino acid-crown ether solutions (7

ing information is given on any current masthead page.
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(14) See for ex 5”11)1(‘, J. Stuehr in "“"Investigation of Rates and Mechanisms ™

3rd ed., G. G. Hammes, Ed. Wiley-Intq 1 ENC New York, N.Y ]
> : -

(15) e ference ]"-I’ 4 i th ) I L 1
17 1 )
10 ° 1 s° <o that 1
( d ]
i A 3

1 ) §

B lues for ; ’

| |

F10 p 5 1 F
(18) A proportionality constant of I y Cl | V D1

(19) J. lawb, "Physical Acoustics", Vol. 2, part A., A

¢

ork, N.¥.; 1965; Chapter 4.

TN - - . ~
(20) M. Eigen and L. DeMaeyer, "Investigation of Rates and Mechanisms of
Reaction", Vol. VIIT, S. L. Friess, E. S. Lewis, and A. Weissberger,

Ed., Interscience, New York, N.¥Y., 1963.

; (21) We have not sought to delincate the exact nature of this process since
] - -
it is not central to the current problem
™~
.
(22) 1. J. Rodriguez, G. W. Liesegang, R. D. White, M. M. Farrow, N. Purdie
' and E. M. Eyring, J. Phys. Chem., submitted for publication.
(23) C. F. Bernasconi, "Relaxation Kinetics", Academic Press, New York, N.Y.,
1976.
‘ (24) M. L. Bender, "Mechanisms of Homogeneous Catalysis from Protons to
|
{ Proteins', Wiley-Interscience, New York, N.Y., 1971, Chapter 6
(25) Such behavior is not und xpected since addition of 4 will cause siight
| changes in the buffer system of the standard hydrolysis mediun It
1 been observed previously that hydrolysis rates of p-nitrophenyl ter
irkedly sensitive to buffer change, e.g., T. C. Bruice and R.
o -Ante Chem. S0C.y 80, 2265 (1958) and T. €. Bruice and G L. Schmir id. .,
30, 148 (1958).
Py v - g o
(26) Reference 24, pp. 12-14, 487-489.
(27) F. de Jong, D. N. Reinhoudt, C. J. Smit, and R. Huis, Tetrahedron Letters,
4783 (1976).
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(28)

(31)

(32)

(33)

(34)
(35)

(36)

(37)

(38)

(39)
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E. P. Kyba, R. C. Helgeson, K. Madan, G. W. Gokel, T. L. Tarnowski,
S. D. Moore, and D. J. Cram, J. Am. Chem. Soc., 99, 2564 (1977) and

references cited therein.
o

+
The term kO 1s the rate constant for hydrolysis of 3-556 in the

bsad
absence of added aryl carboxvlic acid.

The superscript NaCl at the bracket refers to the respective rate
constants for reaction in 1 M NaCl. Entry No. 8 in Table I was used

in the estimation of k. _.
int

: - : +
Numerous examples and studies of complexation of Na by crown ether
have been reported. For the first reference see C. J. Pedersen,

J. Am. Chem. Soc., 89, 7017 (1967).

It is clear from other work that the reversible association to form
the C-Na® complex may be expected to be rapid compared to the rates
of chemical reactions being considered here. G. W. Liesegang, M. M.
Farrow, F. A. Vazquez, N. Purdie, and E. M. Eyring, J. Am. Chem. Soc.,

99, 3240 (1977).

Possibilities for the other product(s) (CP') include a complex with

2¢ covalently bonded to glycine, a complex of 2¢ and glycine with

only electrostatic binding, dissociated 2c and glycine, and/or various
[SAVAN

combinations of these.

H. Lineweaver and D. Burk, J. Am. Chem. Soc., 56, 658 (1934).

H. Frensdorff, J. Am. Chem. Soc., 93, 600 (1971).
Similar binding has been proposed for complexation of the —.\‘HS+ group

with other macrocyclic polyethors.6’28

Another possible complex has the —CH7C6H4N07 group on the side of the

polyether ring opposite the -CO} group. This amounts to nonproductive

complexation which would have the effect of increasing the value of k..

My L. Benders iChem. "Reve si6050 53 (19601

Crown ether 2b has been named 2,6-dimethylylbenzoic acid-18-crown-5 by
il
I.Goldberg, Acta Crystallogr. Sect. B, 32, 41 (1976). Analogously, }B

will be 3,5-dimethylylbenzoic acid-18-crown-5.
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