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Abstract. - Arylbenzoate esters with a quaternary pyridiaium group ortho 
to the ester function exhibit enhanced reactivity towerds basic hydrom 
relative to their para analogs in the order pyridiniua < 4-aminocarbonyl- 
pyridinium < 3~~no~r~nylp~idini~ < 3alainofarbonylquinolium. In 
contrast, a trinethylamaonium group in the ortho position ahovs a decele- 
rating effect relative to the paraanalog. It is concluded that the cata- 
lytic effect of a neighboring pyridinium group is bused upon interaction 
of the negatively charged transition state of ester hydrolysis with the 
electron deficient r-system of the pyridinium ring. For the E-methoxy- 
phenolate ester containing the 3~minocarboaylpyxidinlum group in the 
ortho position this interaction leads to a change in mechanism frori rate 
mng hydroxide ion attack to hydroxide ion catalyzed expulsion of the 
leaving group as became apparent from deviation of the Hanmett plot and 
secondarder dependence oa OH- concentration. For the &nitrophenolate 
ester it was observed that decrease of the solvent polarity by addition of 
dioxane results in an increase of the rate of hydrolysis and a marked 
increase of the neighboring group effect. 

Study of interactions between the positively charged 3~~no~r~nylp~idfnfum group 

and negatively charged fntermadfates or transition states are of particular interest 

in view of the relevance to biological NAD+ reactions. For example, one of the steps 

in the oxidation of alcohols by NAD+ and alcoholdehydrogenaee is the formation of a 

ternary eu=y~-~D+~l=oholace complex. It is proposed that formation of alcoholate 

ion is catalyzed by hydroxyl fan bound to zinc at the active site of the enzyme and 

it might be anticipated that the proximity of the positively charged nicotinamide 

rmiety promotes the formation of alcoholate colnplex by favorable charge inter- 

actions. l However, it is difficult to obtain a quantitative idea about the importance 

of rruch charge interactions since under non-enzymical condition6 the ethanolate anion 

readily forms ao adduct with the quaternary nicotinaudde group. 1.2 Nevertheless, the 

work of Kosower and others has clearly demaetrated that there can ba a significant 

charge transfer interaction between relative electron-poor pyridinium groups and 

electron-rich anions. 3.4 Some experimental evidence for the importance of charge 

interactions in chemical raactivity we obtained from our efforts to prepare the 

imnosubatituted derivative 2 from a,a’-dibrom-o_~ylene (1) and nicotinamide, Even in 

the presence of a 100-fold excess of nicotinamide in chloroform only the his-product 

3 could be obtained feq- 1). In contrast, o,U’-dibrogD-e_xylcne reacts readily wfth 

nicotinamide to gfve the rmnoproduct in high yield. It necuI probable that in 2 the 

leaving ability of the bromldc ion ia largely enhanced by the proximity of the 

positively charged nicotinalide group, giving rise to the fast formation of 3. 
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In order to get a mre qusatitative insight how far the proximity of a qusternary 

pyrldlnlum group can affect the rate of formstfon of traasient negatively charged 

species (iatermediatas, traaaitlon states), ve have investigated the alkaline 

hydrolyala of a series of ortho- and w-substituted arylbenzoatea (Cl2)qb. The 

bsee-catalyzed hydrolyela of arylbaazoatea has been studied by several groups in the 

past sod ft has been establiahed that, in water, the rate deteruinlng step involves 

nucleophlle attack of hydroxide ion to the carbonyl mDletyS5 

(4-rola 
14-10) b 

Eatera a aad b differ by the poeltlon of the quateroary group relatlve to the eater 

function (ortho vs. psre). In comparing the rates of hydrolysis of the tvo compounds, 

iuductlve effects are largely eliminated and the neighboring group effect of the 

quaternary group becomes apparent. Besides eaters containlag the pyridinium group (C 

10)a.b also eaters containing the 3-amlnocarbonplqulnollnfum group (lla,b) and the 

trfmethylamnium group (12a.b) have been studied in order to establish the effect of 

enlargement and of complete deletion of the x-system of the neighboring group, 

reapectlvely. 

RESULTS AND DISCUSSION 

The hydrolysis of the eaters (t1t)r.b was studied in aeriea of dilute buffer 

aolutlona (carbonate, phosphate) and in aeriea of dilute NsOl? solutions with ionic 

strength 0.1 l4 (NaCI). It was found that the rate of hydrolysis was slightly 

dependent oa the buffer concentration, indicating a low contribution of buffer anions 

to the catalysis. Therefore, second-order rate constants for OH- contribution, koU-, 

have been determined by extrapolation to aero buffer concentration. AIternatfveIy, 

koU- has been determined by linear regression from the rates in a series of dilute 

NaOB solutions. The rate constants obtained by the tvo methods were in close 

agreestent. 

The hydrolysis of the eaters was carried out at pH conditions sufficiently low to 

prevent interference of adduct formation by attack of OH- or other nucleophilea to 

the pyrfdinfum rings6 Consequently, esters 1Im and Ilb, containing the quinollum 

ring, were hydrolyzed in aqueous solutions below pH 9.70; the other esters below pll 

12.0. Uncomplicated pseudo-first-order hydrolysis vaa observed under these 

conditions. In waterarganic aolvent mlxturea the pyrldlnlum ring is more susceptible 

to OA* attack and solutions of lower pH have bean employed (vide iafra). -- 
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Table I Second-order rate constaats (M-‘,s” ) for hydroxide ion promted hydrolyria 

of esters (Cl2)r.b) 

Ester r X Y krRkho(.) k ortho kfjp(b) - 
k para 

hb 

k,b 

b,b 

78,) 

b,b 
9a,b 

10&b 

4-NO2 

4-NO2 
4-A02 

3-NQ2 
A 

4-QcH3 

_A3 

lla,b 4-NO2 

12s,b 4-NO2 

H 

4-cOuH2 

3<oNH2 

3-coNu2 

3-coNH2 

3<oNn2 

4-c- 

22.6 19.6 1.15 

21.5 20.8 1.32 

38.6 19.5 1.98 

36.6 18.5 1.98 

0.80 4.00 2.22 

0.20 2.71 3.03 

3.70 2.70 1.37 

’ -2 w ‘I . 

I@ 
(e) 

&3) 3 (“) 

311 20.4 15.2 

9.70 21.7 0.45 

*) pyridiaium group completely replaced by this group. 

Ia Table I second-order rate constants for hydrolysis by hydroxide ion, koA-, are 

presented. From the data in this Table it is apparent that the proximity of s positi- 

vely charged pyridiniun group to the ester function has a rate eahanciag effect since 

the ortho-substituted esters (ClO)r, react 15 to 300% faster than the pcrra-subati- 

tuted analogs (ClO)b. For the quinolinium substituted ester the neighboring group 

effect is even much larger; i.e. ortho-substituted ester 1Ia hydrolyses 15 times 

faster than the para-substituted analog lib. The rate enhancements for the ortho- 

substituted esters are striking because substituents ortho to an ester group general- 

ly exhibit a rate retarding effect on hydrolysis. TInvaluating the neighboring 

group effect on these eatera it is important to point out that, in addition to steric 

hindrance, the effective hydration of the cationic group by the aolvant and the con- 

formational flexibility of the compounds is such that the influence of the neigh- 

boring group on the eater function is considerably less than optimal. 

The rate enhance-t6 induced by the proximity of the positively charged pyridinium 

group, in principle, may originate from (i) increased localization of Od ion in the 

neighborhood of the ester group due to electrostatic iateractioas, (ii) favorable 

charge interaction of the incipient negative charge oa carboayl oxygen upon attack of 

OH-, (iii) stabilization of negstive charge on the leaving group. Since the proximity 

of a trimethylalnmonium group induces a decelerating effect on the rate of ester 

hydrolysis, aa is shown for llr,b, it ia not very likely that increased localization 

of OH- in the neighborhood of the ester group is responsible for the observed effects 

because in that case similar effects should ba expected for the trimethylamnium 

group ad the pyridinium groups. 

Notably, the neighboring group effect for esters (tll)r is different from the effect 

exerted by cntionic head groups of micelles. 

bromide’ and cetyldimethyla~nium chloride9 

The presence of cetyltrimethylaPaDnium 

accelerates the alkaline hdrolysis of 

E-nitrophenylbenzoate. vbereas little or ao effect is observed by micelles of edode- 
-10 cylpyridinium chloride on the basic hgdrolyais of E-nitrophenyl alkylate esters. 
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Furthermore, we have investigated the effect of addition of dioxane on the rates of 

hydrolysis. It was expected that decrease of the solvent polarity would result in s 

mure distinct neighboring group effect, since charged species involved in the 

reaction will become less stabilized by the solvent. Generally, addition of organic 

cosolvents results in .sn increase of the nucleophilicity and basicity of anions in 

water. Hovever , the base catalyzed hydrolysis of phenylbenzoate is sloved down upon 

addition of ethanol12 and the same effect was observed for Eaitrophenylbensoate upon 

addition of t-butyl alcohol, gamy1 alcohol and acetonitrile. 8 This is a clear 

indication that increase of the Orf activity is not the dominating effect governing 

the reaction rate. Ebreover, for the neutral hydrolysis of aryl dichloroacetates, it 

has been established that the rate decrease upon addition of dioxane and acetonitrile 

is primarily caused by initial state stabilization of the ester. l3 The data in Table 

II show that in the presence of a cationic substituent to the ester addition of 

dioxaae enhances the hydrolysis of 6a.b and 1la.b. An explanation for this dramatic 

change in solvent effect for both the ortho- end pars-substituted esters is most 

probably that the inductive effect of the cationic group increases as the result of 

Table II Observed rate constants for hydrolysis of 6a.b and 12a.b in dioxane- 
carbonate buffer 0.01 M, pR 10.00 at 25’C. 

dfoxaae 
2 Cw) 

lo4 kobs 
-1 

Csec ) 
k ortho k ortho 
k 

lo4 kobs (set-‘) 
k 

6e 6b L2a 12b 

38.6 19.5 1.98 9.70 21.7 0.45 

08.7 45.5 1.95 29.2 60.6 0.48 

177 74.9 2.36 54.5 94.2 0.58 

368 99.7 3.69 108 135 0.80 

1130 131 8.64 198 182 1.08 

*) Adduct formstion to nicotioamide ring becomes concurrent side reaction. 
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diminished hydration at lover vater content. Purther~re. Pig. 3 clearly showa that 

the effect of the neighboring 3-adnocarbonylpyridinium group becomes uch mre naai- 

lo4&obs 

set -1 

1200 
I 
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i 6a 

c,o ~01% dioxane 

Fig. 3 Effect of dioxaae addition on the baeic hydrolysis 

of 6a,b and 12,b (carbonate buffer 0.01 M, 

PA - 10.00, 25-C). 

feat in solutions of lover water content, whereas only a oDderate effect is observed 

for the trimethyla~uium group. 14 
Solvent effects for the E-methoxypheuyl ester 

could not be obtained since under the more basic conditions needed for hydrolysis of 

this coqound, addition of cosolveut results in concurrent addition of hydroxide ion 

to the nicotinamide moiety. This became apparent fron the appearance of an absorption 

peak in the spectrum at 357 mu. 

In coacluaion, the positively charged quaternary nicotinamide group and the related 

pyridinium sod quinolinium groups are able to stabilize transient negative charges 

developed in the ester function by interaction with their electron deficient e- 

electron system. This effect is exhibited more pronounced when the polarity of the 

solvent is reduced. Coneidering the conformational flexibility of the compounds 

examined and the polarity of the solvents used, the observed neighboring group 

effects mDst probably represent only a fraction of vhat might occur in mDre con- 

straint systems in less polar environment. 

EXPllRIMfiNTAL SECTION 

Materials 

The aryltoluate eaters were prepared by adding dropvise 15.5 g of ortho- or para- 
toluyl chloride to a solution of 0.1 mole of the appropriate phmn 7.9gf 
pyridine in 100 ml of dry ether. The reaction mixture was stirred for 2 h and after 
filtration, the filtrate was evaporated in vacua. 
The products were recrystallized from ethanol-water, 
was a liquid. 

except phmyl_o?oluate which 
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Phenyl-o-tolueta. Coltsm~ chromstographq50n 
yielded 60X 1~10~lwa liquid (lit. 

allic(~ with chjoroform-cyclohexaoe 111 
bp M6'Cf754 mm). H NPR (CDCl3). 6 (TMS): 

2.65 (a, CH ), 
yield 92X, sm 76-77-C (lit." 75-76.5'C). 1 

6.55-8.17 (m. arom). 
phenyl-p-to ate, 'II m (~14). 6 (TMS): 

2.34 (a, 1383). 6.85-8.15 (a, arom). 

~~Nftr~~~~.~-t~~,~~~~m~~e~~da~~ ~~~S~~k,:~D~C,'"~ i, ','.~~:F~~~:(g; 

65:6;; 8, 4.24. 
3-Nitrophenyl-p-tolwte, yield 7S%, a@ 105-107'C (lite5' 106-107'C). 'H m (CHCl3), 

-6 (TMS): 2.40 (8,T 7.10-8.20 (m. arom). 
4-Nftro hen l-o-toluate, yield 89X, mp 107-1OS'C (lit." 108-109'C). 'H m (CDC13), 
*(m 7.15-8.35 (m. arom). 

yield 91%. lap 119-120.C (lit." 120.3-121.3°C). 'H PRB 
(8. CH3), 7.15-8.30 (m, aromj. 

yield 82X, mp 59-6O.C. 

CH ), 3.66 (8. 
H m ('X13), 6 (TMS): 2.39 (s, 

CCH ). 6.60-8.20 (m. arom). Anal. Calcd for Cl.3H1403: C, 74.36; I?, 
5. d 3. Found: c. 74. 1 4: H. 5.91. 
4-Methoxyphenyi-p-to&&, yield 93%. mp 93-95.C. 
CH~). 3.64 (a, 0CH3), 6.57-8.07 (m, arom). 

'H Nld( ('X13), 6 (TMS): 2.58 (8, 

Conversion of the methyl group of the toluate eaters into the a-bromomathyl group was 
accomplished by refluxing the eater (30 mmole), N-bromosuccinfmide (30 mmole) and 
benxoylperoxide (0.2 mxole) in tetra (90 ml). The progess of the reaction was 
followed by NIR by monitoring the appearance of the -CH2-Br signal in the range 6 
4.40-4.95 ppm. Usually it took 12 or more hours to bring the reaction to completion. 
After cooling and filtration, the filtrate was evaporated in vacua. The crude product 
waa chromatogaphed on silica with cyclohexane-acetone 9:l and was used without 
further purification for reaction to the quarternary compounds (C12)m.b. 
The general procedure for the eetera (4-l2)r.b vaa as follows: a mixture of 5 mole 
of the a-bromotoluate eater and 5 nwle of the appropriate pyrfdine (or 3-amtnocarbo- 
nylquinoline for Lla,b or trimethylamlne for 1k.b) was refluxed for 12 h in 40 ml of 
dry THF. After cooling, the precipitate wae washed with THF and acetone and recrye- 
tallized from ethanol-ether. 
l-[Z-[(4-Nitrophenory)carbonyl]benzyl]pyridinlum bromide (C), yield 82X, pp 178- 

23Od'C. 'H NIR (DMSC-d6) 6 (DSS): 6.25 (a, CH2). 7.5-9.0 (I, arom), 9.45 (dd, pyr 
p,i). Anal. Calcd for Cl Ii15BrN204 : C. 54.95; 8, 3.64. Found: C. 54.95; R, 3.64. 
_ - i ((4-Nitrophenoxy)car nyl]benayl]-4-(aminocarbonyl)pyridinium bromide !ia). 
yield 73% 245-25Sd' C. 'R m ( DMSO-d6) 6 ( DSS): 
arom). 9.;0 ;, pyr H2.6). Anal. Calcd for C2iH16BrN305: 

6.42 (a, CH2), 7.5~S.9( (a, 
C, 52.41; H, 3.52. Found: C, 

52.69; H, 3.45. 
1-[4-[(4-Nitrophenoxy)csrbooyl]benayl]-4-(a~no~r~nyl)p~idinium bromide 
yield 87X, mp 230-235d'C. 'A NMR (DMSO-d6) 6 (DSS): 6.25 ( 
arom), 9.60 (d, pyr ~2.6). Anal. Calcd for C2bH16HrN305: 

a* C 
(sbl, 

Hz), 7.5-9.5 (m, 
C, 52.41; H, 3.52. Found: C, 

52.41: H. 3.34. 
L-[2-~(41Nitrophenoxy)car~nyl]benzyl]-3-(amino~r~nyl)p~idinium bromide (6). 
yield 90%. mp 239-241-C. 'H NPR (DMSO-d6), 6 (DSS): 6.42 (a, CA ), 7 4 9. 4 ( r 
9.55 (a, pyr H2). C, 52.41; H, ~.SZ.'F;und: c": ;;:;4; 
H. 3.70. 

Anal. Calcd for C20H16BrN305: 

)pyridinium bromide (6b), 

9.78 (a, $?H2). 
O( CH) 7596( . m, arom), 

Anal. Cal .41;'H, 3.iZ.'F0und: C, 52.25; 
H, 3.62. 
1-[2-[(3-Nitrophenoxy)~r~nyl]benzyl]-3-(aminocar~nyl)pyridini~ bromide (h), 
yield 87% mp 243-246'~. 'H tDU (DMSO-d6) 6 (DSS): 6.30 ( 
i:", ,';, iyr H2). Anal. Calcd for Cz0H16krN305: 

C 
C, 52.41:'H, 

. . 
1-[4-[(3-Nitrophenoxy)car~yl]bcnzyl]-3-(aminocarbonyl)pyridinium bromide (7w. 
yield 85%. mp 233-235'C. 'A m (DMSO-d6) 6 (DSS): 6.10 (a, CH ), 7.4-9.f ( 
',.7: it, pyr H2). Anal. Calcd for Cz0H16irN305: C. 52.41; H, 3.52. Found: cm: ",',?6; 
. . . 

l1[2-(Phenoxycarbonyl)benayl]-3-(aminocarbonyl)pyridinium bromide (Se), yield 71X, mp 
E), 9.45 (8. pyr C. , 

C, 58.03; H, 4.11. 
pyridinium bromide 

(~) 

. 
yield 90% , q 198-199-C. 'A Nm (DMSO-dL) 6 (DSS): 3.80 ( 
6.9-9.3 (m, arom), 9.49 (a, pyr Hz). Anal.'Calcd for CzlH19B 
Found: C. 56.81: H. 4.26. 
1-[4-l(4~~thox~h~noxy)ca~bonyl)beoryl]-3-(aminocarbonyl)pyridinium bromide (9b). 
yield 91%. 19 253-256-C. 'A NIQ! (DMSO-~~). 6 (DSS): 3.75 ( s.BCH,. . 0. . 
6.8-9.5 (m, arom), 9.79 (a. pyr AZ). Anal. -Calcd for C21H19HrN204: 'c; 56.89;-H; 4.52: 
Found: C, 56.98; A, 4.31. 
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4.32. Found: C. 57.01: H. 4.38. 
1-[4-[(4-~tho~ypheno~y)~~bonyl]benayl]-4-(a~dnocarbonyl)pyridinium bromide (lob), 
yield 85%. mp 229-231-C. 'A RMI (DHSC-d6). 6 (DSS): 3.66 
j.l-9.2 (in, arom), 

( s, DCH., . 6.10 s. CR, , 
9.40 (d, pyr H2,6). &al. 'Calcd for C21k19Brfi264: C, ?16;89;~81 

4.32. Found: C, 56.80; H, 4.21. 
1-[2-[(4-Nitrophenoxy)car~nyl]benzyl]-3-(a~no~r~nyl)quinolinium bromide (13.a). 
yield 76X, mp 245-247-C. 'H m (DUSO-d6) b (DSS): 6.85 (s. CH2), 7.5-8.9 (a, aroo). 
10.07 (a, quin R4). 10.12 (6, quin IQ). 'Anal. Calcd for C24H18BrN305: C, 56.71; H, 
3.57. Found: C. 56.53: H. 3.54. 
1-[4-[(4-Nitro~henoxy~ca~~nyl]benayl]-3-(a~no~r~nyl)q~nolinlum bromide (lib), 
yield 73%. mn 215-217-C. 'H NM (DMSO-d6), 6 (DSS): 6.45 (6, CR,,), 7.2-9.0 (m. arom). 
io.05 (s,- q&n H4), 
3.57. Found: C. 

10.45 (s, quin ID?). Anal. Calcd for C24Hl~BrN305: C, 56.71; A, 
56.62; A, 3.61. 

annronium bromide (22a). yield 90%. mp 201- 
6) 6 (DSS) : 
Cl$i19BrN204: 

3 18 ( 8, N(CH ) ), 5.12 (s. 
cn,), 7.5-8.5 (m, arom). Anal. Calcd for C; 51.66; A, 4%. Found: C, 
51.40: Ii. 4.68. 

Kinetic measurements 

The water used in the kinetic measurements was distilled twice in an all quarts 
distillation unit. The ester hydrolysis was carried out in 1 cm quarts cells in a 
theraoatated cell compartment maintained at 25.0 r 0.1.C of a Varian DM 90 spectro- 
photometer. About 5 pl of a concentrated solution of the ester in mater was added to 
2 ml of buffer or NaOH solution. The buffers used were borax buffer pH - 9.20 
(Lla,h). carbonate buffer, pH - 10.50 (C7)r.b; lk,b and phosphate buffer pli = 11.50 
(&lO)a,b). Alternatively, dilute NsOH solutions (u - 0.1 vith NaCl) were employed. 
The rate of hydrolysis was measured by following the appearance of the formed pheno- 
late (400 nm, X - 4-NO ; 390 nm, X - 3-NO*; 287 nm, X - A; 303 nm, X - CCH3). All 
ester hydrolysis react on8 ware followed to greater than 75% completion and infinity 1 
points A,,, were taken after 10 half lives. In all cases straight lines vere obtained 
by plotting In (&-A,) against t, showing first-order kinetics. The pseudo first- 
order rate constant was calculated from the tangent of the slope of the line. Rate 
constants were determined at least in duplo and were reproducible to within 3%. The 
second-order rate constant for hydroxide ion k - hss been determined by measurement 
of the rate in a series of diluted buffer solut OF one (dilution with 0.1 !4 t&Cl to keep 
the ionic strength constant) and extrapolation to zero buffer concentration or by 
linear regression of the data obtained from series of dilute NaOH solutions. 
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