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Subsequent to the review artlole of Pmker 1) wherein he had pointed out 

the remarkable rate enha&& ability of dipolu a$rotio aolventr euoh am 

dimethpl aulfoxide on S# reaotlona in~olrl.ng anions, amer of paper6 hare 

appeared on the alkaline hydrolysis of monoeater in DlBO - water mixtures "! 

The &eaeral erpeotation of a oorulderable rate enhanoement in oolwnt6 

oontainlng inorea#in# peroentagea of=Owaa oonfmed andthle haa been 

attributed to tha diminution of OFf ion eolvation sd a result of the 

campetition between this anion and 0180 moleoules for the water noleaulee 

and to an inorecue in transition &ate rolratlon. It appeared to UI) of 

apeoial intereat to further Investigate the role of DMSO a13 a solvent In 

the alkaline hydrolyaia of diban%o e&errs in BE muoh aa the effeot of the 

rolvent 18 U.kely to be dlaoriminatlng in the hydrol~sls of the dleeter and 

the half ester anlon. 

The alkaline hydrolysis of a number of dlester83 haa been investigated 

Ln aoetone-mter and dioxan-water syatema and oonait3tantly a ratio of kl& 

greater than 8 has been obtained s-7) . l%ie haa been atxWlbuted to au 

eleotro6tatlo repuleion between tbs haU eater anion and the hydroxide ion 

In the eeuond rtep, leading to a lorrer rate and hemoe a higher ratio. In 

view of the varying behavlour of suoh rolrent rixturee in eater hydrolyf~ls, 

we have now been prompted for tha first time to measure the ratee of alkaline 

hydrolpie of diethyl l uoolnate, diethyl phthalate and dlethyl adipate In 

DHSO- water mlxturer, at3 alro In ethanol - rrotermlrtures and to oamparethe 

kfig ratio8 in these aolventa. 
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The rate rtudie~ In them roltant8 wara wde by Wrimtrlo rothoda wing 

a roreened indioator oampoood of neutral red and rat~loe blue. Thm froataont 
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that baa been followed for tha aaluatloa of tha rate oomtaatr of the I and II 

@tap8 ir that of Frort and 8ohwcmer@bj whloh l/lr (- kl/k9) ma obtalnad by a 

graphfoal evaluation from dif~ermt time ratloo. gtoringthentrmerioal+alue~ 

oft,% and c (t bmingbeen uvaluatod fratho q-l/Kgrapb fOrtarlouB 

fraotiom of the total ma&Ion) kl warn oaloulatod wLug the relation q - B&t. 

From thi#, kg ua8 eubeequentlj obtalned a0 k&l I K. icll ths aaponifloatlon 

experlmnta uer* 

done errentlally 

obmgelDini.onio 

TableiS I to 

oonduoted at Ohe oonotant Ion10 rtren&th of O.O& Tblr 'ALI 

to mlnSmi80 the ~obability of any radium effeota due to 

etron&h that will ooour o thr, diaoid Ion 10 produoed. 

l?V present tbo klnetio data of thla mrk. 

Tab10 I 

Alkaline HydrOly81~ of @ethyl 6uooinr;te 

in aqueous IU60 at SS"o 

. 

Solrent aapo8itlon 
XNW-HgO -1 ]cl (1.~01 IWO-~) kg (l.mol-'aeo 'l) kl& 

(r/v) 

so - 60 0.6909 0.07944 9.64 

60 - 40 0.7606 0.06044 9.09 

10 - 30 0.9996 0.117sa3 8.48 

80 - 90 1.6986 0.90600 7.76 
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Table II 

Alkaline Eyurolyeifl of Methyl Phthalate 

la aqueow m30 at 38'0 

so1+ent composition 

Ymso - Ii@ (r/t) 
kl (l.mol-lma-l) kg (l.m~l-~eeo-~) kl/ke 

-00---0--- __________-_I____--_____ 

60 - 40 0.06616 0.006640 9.956 

70 - 30 0.13664 0.014926 9.090 

60 - 20 0.36720 0.043600 0.426 

Table III 

Alkaline -lye&e of Methyl Suaolnate 

in aqueQua Ethanol at 3s"c 

SOlYate ccelp081t1oll 

BtOH - H20 (Y/+1 
lq (l.ndl~e& kg (l.n~&m~o-~) kl/k2 

60 - 40 0.11160 0.02114 5.21 

00 - 20 0.05979 0.01662 3.62 

-- _---------------------- ---- 

Table Iv 

Alkaline Hydrolyaie of Methyl Phthalate 

in aqueous Ethanol at 3S°C 

---I___ ------------- ---------c----- ---------- 

Solvent Campoclltlon 

EtOE - Hg-0 (Y/t) 
kl (l.mol-lseo-') kg (l.mol-lmz~a-~) kl/k2 

1-1_ -a __I__ -I____-_____-_-- 

60 - 40 0.004622 0.0006720 8.29 

80 - 20 0.003162 0.0006179 3.64 
---- -----------uI--cII m_--------------- 



No.52 

(a) 

(b) 

(0) 

(d) 

The following facts emerge from these results: 

The rate8 for both the flret and the seoond atepe inoreaae in aqueous 

dimethyl aulfoxlde and deoFtMu3e in aqueous aloohol with the deoreaee of 

voter oontent of theee eolvent mixturea. 

The kl/k2 ratios are very large in DI%SO - water mlrturee compared to 

aloohol - water mixtures, acetone - water mixture8 and dioxan - water 

mixture6 but theee deareaee with lnoreaalng proportione of DMSO in the 

solvent mixtures. 

Both kl and k2 lncreaee with inoreaalng percentage of dimethyl eulfoxide, 

but kS increases more rapidly than does kl. 

Diethyl auccinate and dlethyl phthalate have nearly the Beme kl/kS ratio, 

mhlle diethyl adipate hae a muuh lower kl/k2 ratio (Table V). 

The very large values of kl/kS obtained in DMSO - water mixturea are to 

be attributed to the differential behaviour of the organic solvent on the two 

steps of the hydrolytio reaction. while the first step involves en Ion end a 

dipole, the second step ie between the hydroxide ion and the half ester ion. 

The repulsion between this desolvated anion end the half ester anion will be 

muoh greater in DMSO - water mixtures leading to a oonalderable dimunition in 

the value of kg. The first etep ae happene In normal monoester hydrolyels ie 

very much acoelerated beoauee of en easier attack by the deeolvated hydroxide 

ion and an inoreaeed transition atate solvation in DMSO - mater mixtures, 

thereby reeulting a large kl/kg ratio. It is also pertinent to point out here 

that aonaietent with the general pioture that the rate-determining step In BAoS 

meahanlsm ie the attack of the OH ion on the polarised carbonyl carbon of the 

eater, the rates of both the step8 lnareaae with Increase in the percentage of 

I&O in spite of the above rate retarding influence in the second etep (owing 

to lnareaae in the deeolvated Oh- iun concentration). 

Surprising, however, is the effect of increasing the DMSO conoentration 

on the kl& ratio. While both the step@ lncreaee with Increasing proportion 

of IUSO in the solvent mixtures, the second etep 

----- 

l The maxlmum value he.6 never been above 7.12 in 

hydroly~la of dlethyl Buoclnate. 

gaine more than the first 

the literature for the 
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step, leading 

pro port ion of 
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to lover kl/k2 ratios In thoee solvent6 that contain a larger 

IBSO. The larger rate benefit of the second etep seems to be 

due to the decreaeing dielectric conetant of these edVent mixturee- The 

large decelerating direct influence of the COO’ ion on the reaction centre 

in the second etep’of the reaction is ooneiderably reduced in the solvent of 

lower dielectric constant. The repulsion between this ion end the OH- ion 

would alao be muoh lees In these s.olvente. The fact that kl/k2 falls to 4.75 

In the hydrolyels of diethyl adipate in 60% DE30 further confirm8 the OperatlOn 

of such a field effect. It IS thus eeen that a combination of electrostatic 

and specific aolvation forces are aseooiated with the hydrolysis of dibasic 

esters. 

Table V 

Comparison of kl/k2 values of varloue diestere 

at 35OC 

____-_______-_______~~~~~~~~~~___~_I_____ 

Compound Sb lx20 7@ DM50 

___--_______~___-__I_____________------- 

Diethyl auccinate 9.090 8.450 

Diethyl phthalate 9.954 9.090 

Diethyl adipate 4.746 4.295 

I__-_______-_____-______^_______________~~ 

The data in the present investigations also reveal that kl and k2 for 

diethyl phthalate are mnaller than those for diethyl euccinate in both aqueous 

ethanol and In aqueous DMSO. The reduced reactivity of the aromatic eater is 

obviously due to the resonance stabilisation of its ground state. 3ut the 

increase in kl (and k2) for this ester on passing to solvent mixtures containinfr 

larger proportions of DM50 is more than for diethyl sucoinate under similar 

conditions. This aeema to point out to the fact that even cloeely related 

substrates have vary% eensitivity to the DM50 content in the solvent mixtures 

and DMSO seem to have a aatalysing influence on the benzene ring enhancement 

of the carbonyl aarbon polarizabillty. Boberta2c) has also observed this type 

of aatalysis with ethyl benzoate. 
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Another notable remit that emerge8 frm the preeent lnvestlgatlone ia the 

near ldentioal value6 of the kl/k2 ratios of diethyl suoolnate and diethyl 

phthelate in:@%@ of a 1Srge difference in the Individual rates. This ie in 

aooordanmtith the work on the oonfigurations of the parent acids where it 

has beesxehown that both poesees a tram oonfiguratlon. The laok of any 

SignifXcant hydrogen bonding in phthalic aold has already been pointed out by 

Weetheimer'). Radhakrl&namrtN 7) reports values of r = 5.3 x lO-* om. end 

5.07 x lr* om. for eucoinic acid and phthalia.acld reepeotlvely, where r is 

the dietame betwemn the oarboxyl groups. The slightly higher kl/k2 ratio 

for the phthalfo eater le probably due to the internal paler tranemlesion 

being oalled into play in thle eater. 

1. A.J. Parker, Quart.Rev., l6, 163, (1962). 

2. D.D. Roberta, a) J.Org.Chem., 29, 2039, (1964). 

29, 2714, (1964). 

0) ibid., =, 31 4037, (1966). 

3. E. Tamnlla and P.L. Murto, 

4. 1. Hojo, 1. Utaka and 2. Yoehlda, 

5. W.J. Svirbely, 

6. P.S. Radhakr16hnnmrthy, 

7. S.V. Anautakriehnan and 

P.S. Radhakriohnmuurthy, 

8. A.A. Frost and W.C. Sohwemer, 

9. F.H. Weethelmer, 

Aota.Chem.Soaud., g, 1947, (1963). 

Tetrahedron I&term, A, 25, (1966). 

J.Amer.Chem.Soc., 8l, 255, (1959). 

Proo.Ind.Aoad.Sol., 54, 325, (1961). 

E., 56, 249, (1962). 

J.Amer.Chm.Soo., 74, 1268, (1952). 

u., 78, sm. (1956). 


