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l,T) Anohimerlc aselstsnce in ester hydrolysis is well oharaaterised . 

An aliphatio hydroxyl group located in olose proxlxity to an ester bend is 

known to faollitate alkaline hydrolysis. In regard to the neuhanlr of the 

above faoilitation, Henbest and Love11 3) favoured a hydrogen bonded l truoture 

involving the ether oxygen as Important in the hydrolysis of ayolohexane-1,3- 

diol monoacetates. This problem was further investigated by Bruloe and ?ife 4) 

who exsmined the )C=O and -OH group IR absorptionta as well as the rates of alkpr 

line hydrolysis of a number of oyolopentane and norbornane aaetatee pad dial 

monoacetates. The inoreased rates of hydrolysis of ayolopentyl or l xo-2-nor- 

bornyl aoetates on the substitution of a hydroxyl group in the a- or @-posItian 

was greater than aould be explained on the basis of an induative effeat. The 

results of infrared studies demonstrated that the extent of faCilltatiOn of 

hydrolysis by a vicinal hydroxyl group is not greatly dependent on the type of 

possible internal hydrogen bonding In the ground state. These authors therefore 

postulated 8n intramoleoular hydrogen bond atabllisatlon of the transition state. 
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Bruice andBenkovio 2) labelled this as a microsooplo solvent ahpnge effeot. 

Very little work is on record on the solvent dependenoy of auoh reaotions 

involving aachimeric assisteaoe 3) . c 
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We have invertigated for the fir8t time, the differential effeots of 

rolremtr on erter-hydroly818 prooeeding with a participation by a neighbouring 

Ilroup. We report in thi8 oo~unioation, the result8 obtained on the 8aponifl- 

oatlon of glycol monoben8oate8, la whioh a eimilar intr8moleoular atabilieatlon 

of the trrnlltion rtate by the neighbouring hydroxyl group 18 poseible. The 

rat8 ooeffioient8 for the two step8 of the alkaline hydrolysis of glyool diben- 

rooter, were determined u8lag the approaoh of Froet and Sohwemer 6) and the rate 

oe88t8Ilt8 for the 8eOOnd 8tep Of hydrO1y8iB tic., the hybOly8iB of aonobento- 

ate8 are prerented in the table below. 

Rate aeeffloient8 for the alkaline hydrolg818 of 

glycol moaobencoatee at 30°C 
____________________~~~~~~~~ --_____----_- ___I 

103k litre role-’ ret-* 
--___----_____ 

Compound ____________________~~~~~~~~~~~~ k 
6o)3toH 6oj3maO BOjc.Aoetone ’ ‘r 

.__________________-~~~~~~~~~~~~~~~~~-~~~~~~~--~~~~~~~-~~~~~~~~ 

Bthyl ben8oate 1.47 173 5.95 118 4 

Pthyleaeglyool 
monobelsoate 0.625 626 39.1 1000 62 

Ileopentylglyool 
moaobe88oate 0.986 219 8.81 220 9 

Butan lr4 dial 
roaobenaoate 1.12 124 5.59 112 5 

__________--________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

We notioe here that the reactivity pattern itself ohange8 on 

oh88ging the solvent. This novel finding oan be ratlonaliaed in term8 of the 

rolratioa of the traaeltlon state by the three rolreats. 

It i8 sow Well ertabliehed that the tran8itloa 8tate for the basic 

hydroljsi8 of e8ter8 ha8 a negative charge looall8ed on the oarbonyl oxygen 

atom maH8g thl8 a good hydrogen bond aooeptor 7' and henoe 8olYated by protic 

8Olve8t8 which are good hydr?gen bond dOnOr& In the ca8e Of ethyleneglgool 

monoben8oate, the negative charge on the oarbonyl oxygen atom in the tr8neition 

8tate 18 dporeaeed by diffusion through lntr8molecular hydrogen bond formation 

88 la (I) and ooa8equeatly the tr8nrition 8tate ie considerably le88 solrated 



m. 45 4619 

by ethanol whoreu there A8 8 greater lOOSiki88tiOn of thr neg8tire ohuge en the 

oarbonyl oxygen in the truultion 8trte for ethyl bem8oate h#lrolfri8. Thir 

explpnation 18 further ju8tifled by our finding that l tbjlenegl~ool mono8aetrte 

i8 hydrolyoed futer then ethyl 8oetrte in water, but 8leWer in 8queou8 e-01. 

Typioallg at 25’0 the rate con8tant8 for the hydrol~i8 of ethylewglyool mono- 

aoetate 8nd ethyl aoetate in water are 0.227 ud-O.lll*) and in 60/ aqueous 

ethanol rt 30°C we 0.018 and 0.027 lltre mole -1 -1 8eu re8peotlrely. 

The iaoreued reaatirity of neopentylglyool m0nOben808te oompared to 

ethyleneglyool monoben8oate in aqueow ethanol i8 dw to the oumul8tiVe l ffeot 

of two faotorr 1) the intr8moleoul.u hydrogen bonding in the tren8ition 8t8te 

deoreaee8 beoauee of the greater reparation of reaoting group8, thu8 m8king the 

trawition state a better hydrogen bond aaoeptor to the 8Olnnt and 2) the 

inorecuing 8terio l ffeat8 with the introduotlon of two met41 pomp8 re8ultilg 

in the 'loo8enimg up* of the traneitlon 8t8te 91 and thue lnoreuing it8 8olra- 

tlon by a protio 8olvent. 

!Fhe near reaotivlty of butan lr4 dial monoben8oate to ethyl ben8oate 

II) not 8urprl8lng u there will be ab8olutely no intem8l hydrogen bonding 

etabilisation of the tranlrition state. Consequently In aqueou8 IUSO 8l80 the 

8eme pattern of reaotirity i8 ob8erred with the rrtio8 k&staa being nearly 

the 8ame. 

However, in aqusou8 IUSO, we notioe that l thyleneglyool monebenreate 

end neopentylglycol monobensoate are hydrolped futer thsa ethyl bemo8te. 

This behariour Is to be traoed to the 8tabili88tion of the tr8a8ltioa rtate by 

the dipolar aprotio 8olvent IWO. & rtoted earlier in the di80u88ion. the 

negative oherge on the oarbonyl oxygen in the tran8ltion 8tate 18 deoreued by 

intramoleoul8.r hydrogen bonding and oon8equentlj thi8 traultlon 8t8te hu a 

oharge di8tributlon similar to that of a $2 one, unlike in the oaee of hydra- 

lgsls of normal. e8tere. in rhioh there Is 8 loo8li8ation of 8 negative charge 

on the oxygen atom. It is well dooxmented that bimoleoular reaotion8, iaYolriag 

anions, peesing through such traneltlon etate8 are cotmiderrblr rooelerated by a 

ohange from pretio to dipolar aprotio 6olveat. m8 hypothe8i8 18 oonflrmed by 
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the high ks value (1000) we have obeerved for the saponification of ethylene- 

glyool monobmsoate. To our knowledge tbim 18 the firet instance where a slight 

ohango in the etruoture of the reaotant alterr solvent effect8 in a dreratic 

manner. In the hyarol~rrrls of neopenty&lyool monobemoate, as stated earlier, 

the 4drogon bonding interrotion between the hydroxyl group and the oxygen atom 

in the tranmltlon state deoremea, thereby reduoing the atabilieation of the 

tranmftion l tate by DISC and M a result the reactivity 98 well aa the ka value 

drop8 oonriderably. In the oame of butan lt4 diol monobeneoate there is no 

intomal hydrogen bonding faollitation of the transition state end the k, value 

im nearly the 8-e aa that for ethyl beneoate. 

In usetone, another dipolar aprotlo solvent, the aant type of reactivity 

u in PI90 lm obmarrad, Of oourme the tran8ltlon state #tabilimatlon In aaetone 

will be lower than with IHSC and henoe the kaoetone/%tOH valuer are lower than 

kDlsa/kBtaH values. 

The present invemtigations therefore clearly indioate that the transl- 

tion @tote rolvatlon hw aa important part to play and this novel solvent 

dependency of reaotivity pattern 0811 be rationalized only in terms of 

tranrition atate salvation. 
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