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ABSTRACT: Rate coefficients were measured for the base-catalysed hydrolysis of a series of substituted 3-(phenoxy-
or thiophenoxymethyleng)2)-1(3H)-isobenzfuranones (3-phenoxy- or thiophenoxymethylenephthalides) in 70%
(v/v) aqueous dioxane at 300, in addition to the carbonyl stretching frequencies in chloroform and tetrachloro-
methane following deconvolution and band separation, when required. The Hammett reaction constants for the
alkaline hydrolysis of the 3-/4-substituted phenoxy and thiophenoxy serien@r&5 and 1.10, respectively. These
results are related to electrostatic field and resonance effects. Successful correlations between the carbonyl stretchin
frequencies and substituent constants and the rates of alkaline hydrolysis were found. Computational studies using the
semi-empirical AM1 method correctly model both the details of the mechanistic pathway and the substituent effects.
0 1998 John Wiley & Sons, Ltd.
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INTRODUCTION been investigated previously.However, the Fermi
resonance effect has not been analysed previously for
The alkaline hydrolysis of relatively small-ring unsatu- these compounds. The Fermi resonance interaction on the
rated lactones has been investigatethe lactones are  carbonyl stretching frequencies has been investigated for
much more reactive than comparable acyclic esters ora series of 3-(arylmethylend})-1(3H)-isobenzofura-
relatively large-ring lactones. The former have their ester nones after deconvolution and band separatitinhas
group in acis (E) conformation and the latter intaans been shown® that the unperturbed frequencies of car-
(Z) conformatior? The mechanistic pathway for the
alkaline hydrolysis is shown in Scheme 1 and the rate-

determining step is considered to be the addition of o ) O~ OH
. ; . )1 K"y

hydroxide anion to the lactone carbonyl groug, k. K,

The reactivity—structure correlations for 3-(aryl- and 0 + OH — 0

alkylmethylene)¢Z)-1(3H)-isobenzofuranones have been k-

studied recently. A good correlation was found for the
alkaline hydrolysis of the 3- or 4-substituted phenyl series
with o to give ap value of ca 1.5 for 70% aqueous

dioxane at 30.6C. The rates foall 37 phthalides give a K zukz
very successful correlation with the carbonyl stretching

frequencies in chloroform.

The infrared spectra of some 3-(phenoxy- and thio- o
phenoxymethylene{Z)-1(3H)-isobenzofuranones have ©i002 fast OH
-
o
CO
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468

bonyl stretchingvibrationsexhibit excellentlinear corre-
lationswith Hammetto constants.

The additivity of substituenteffectson reactivity has
been investigatedin several systems. Additivity has
beenobservedo befollowedin manycasesexceptwhen
significant steric interactionsoccur betweenthe multi-
substitution.

The presentinvestigationconsistedof a study of the
ratesof alkaline hydrolysisof a seriesof substituteds-
(phenoxy- and thiophenoxymethyleneZ)-1(3H)-iso-
benzofuranoneda and1b, in 70% (v/v) dioxanewater
at 30.0°C, andfor the parentphthalidesat severalother

1

-
-

1b R= S—@

1c R=—©

temperaturesThe infrared spectraof thesephthalides
werestudiedin both chloroformandtetrachloromethae

in the 1700-185@m * region under the conditions
requiredfor theinvestigationof Fermiresonanceffects.
The resultsfor the alkaline hydrolysisare relatedto the

substitueneffects,in termsof ¢ values andthe carbonyl
stretchingfrequencie®f the phthalidesTheinclusionof

2- with 3-/4-substituent$n reactionserieswas investi-

gated,in additionto additivity of substitueneffects.

¥

EXPERIMENTAL AND RESULTS
Materials

The synthesisof the substituted3-(phenoxy-and thio-
phenoxymethyle®)-(2)-1(3H)-isobenzofuranones was

K. BOWDENETAL.

completedby the reaction of phthalic anhydridewith
the correspondingsubstitutedphenoxyor thiophenoxy-
acetic acids by the Gabriel modification of the Perkin
synthesig Previouslyunreportedcompoundsare listed
in Table1. The purity andstructuref thelactoneswvere
monitoredby IR and*H and**C NMR spectroscopynd
elementalanalysesTheir melting points, after repeated
recrystallization and drying under reduced pressure
(P,0s), were eitherin good agreementwith literaturé®
valuesor aregivenin Tablel.

The solventswere purified using establishedproce-
dures?

Measurements

Rate coefficients for the alkaline hydrolysis of the
lactoneswere determinedspectrophotometricallipy use
of a Perkin-ElmerLambda5 or 16 spectrophotometer
Thereactionswverefollowed atthewavelengthshownin
Table2. The detailedprocedureusedwasthat described
previously*® The productsof the reactionwerefoundto
be anions of the correspondingcarboxylic acids in
quantitativeyield and were further confirmed spectro-
photometricallyby comparisonof the spectrumof the
acidin basewith thatof the reactionproduct* Therate
coefficientsfor the alkalinehydrolysisof the lactonesla
andlbin 70% (v/v) aqueouslioxaneat 30.0°C, andfor
the parentcompoundsat severaltemperaturesaregiven
in Table2. Thereactionis first orderin bothsubstrateand
hydroxideanion.Theactivationparameterfor theparent
lactonesaregivenin Table3.

The IR measurementwere madein chloroform and
tetrachloromethansolutionsusinga ZeissSpecordvi-80
spectrometerand recordedat room temperatureusing
NaCl cells of 0.1,0.5 or 1.0cm thickness.The concen-
trationsof the solutionswere8 x 103, 2 x 1073 or 8 x
10~* mol dm~3. Peakpositionsweredeterminedvith an
accuracy of +0.2cm* against polystyrene standard
spectra.The absorptionintensitiesof the Fermi doublet
componentsvere determinedafter mathematicablecon-
volution and separationof overlapping bands. Curve
analysiswasperformedby a digital curve-fittingroutine.
The carbonylstretchingfrequenciesor the lactonesare
shown in Table 2 as either unperturbedor directly
measuredralues.

Table 1. Physical properties of previously unreported compounds 1a and 1b

Compound M.p. (°C) Recryst.solvent Formula Anal. Yield (%)
la (X =4-OCHy) 159-161 Acetic acid C16H1204 C,H 35
la (X =4-Br) 205-207 Acetic acid C15HoBrO; C,H, Br 30
la (X = 2-CH3,4,6-(C|)3 157-158 Acetic acid C16H10C|203 C,H, Cl 25
la (X =2-Br) 124-126 Ethanol C15HoBrOs C,H, Br 27
la (X =3-Br) 147-149 Ethanol C15HoBrOs C,H, Br 30
1b (X =2,5-(CH),) 132-134 Acetic acid C17/H140,S C,H, S 52
1b (X = 3-CH3) 96-97 Acetic acid Ci16H120-S C,H, S 58
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Table 2. Rate coefficients (k) for the alkaline hydrolysis of 3-(substituted phenoxy- or thiophenoxymethylene)-(2)-1(3H)-
isobenzofuranones in 70% (v/v) aqueous dioxane at 30.0°C, together with their carbonyl stretching frequencies (vco) in
chloroform and tetrachloromethane?®

veo (cm ™)

No. Phenoxysubstituent ko (dm® mol~ts™) A (hmy° In chloroform In tetrachloromethane
1 H 0.652(1.37,2.45,4.94f 325 1776.0 1791.2
2 2-CHs 0.431 330 1775.6(1755.6§ 1790.8
3 2-Br 0.685 277 1778.2 1792.0
4 2-Cl 0.691 275 1775.6 1796.6
5 3-CHs 0.572 330 1777.1(1760.39 1791.2
6 3-Br 1.28 279 1784.0 1796.8
7 3-Cl 1.08 280 1785.2 1793.0
8 3-F 1.18 278 1783.6 1797.2
9 3-NO, 2.85 320 1788.8 1798.8

10 4-CH; 0.525 330 1776.6 1791.2

11 4-OCH; 0.525 285 1775.2 1790.8

12 4-Br 0.973 277 1782.5 1792.8

13 4-Cl 1.04 278 1779.0 1795.2

14 4-F 0.730 278 1780.0 1794.2

15 2-CHg, 4-Cl 0.676 325 1778.8(1761.051 1793.6

16 2,4-(Cly 1.12 325 1783.4 1794.8

17 2-CH(CH),, 5-CHs 0.277 280 1773.8 1789.6

18 3,4-(CHs); 0.458 330 1776.0 1792.8

19 3,5-(CHy)s 0.500 330 1770.0(1761.3§ 1792.4

20 3-CHs,4-Cl 0.964 330 1779.5(1770.9)j 1791.4

21 2,4,5-(Cly 1.8% 280 1782.4 1796.4

22 2.4-(Cl),, 6-CHs 5.16 276 1780.1 1794.4

23 2,4,6-(Cly 15.5 277 1780.1 1793.1

Thiophenoxysubstituent

24 H 2.13(3.90,7.45,12.55% 350 1781.6 1792.8

25 3-CHs 1.91 350 1778.8 1792.0

26 3-Cl 3.94 345 1784.0 1795.6

27 4-CH; 1.42 355 1780.4 1792.0

28 4-Br 4.14 350 1783.6 1795.2

29 3-NO, 12.6 325 1789.6 1797.8

30 4-NO, 17.6 360 1789.2 1798.8

31 2,5-(CHy), 0.870 345 1778.4 1791.2

32 2,5-(Clp 7.07 345 1787.6 1798.8

Phenylsulfinyl

33 H 3.3% 365 1782.4 1793.6

Phenyl

34 H® 1.02(2.22,3.81,7.70f 340 1776.8 1796.8

& Ratecoefficientswerereproducibleto £3%.
Wavelengthusedto monitor alkaline hydrolysis.
¢ At 40.0,50.0and60.0°C, respectively.
4 Unperturbedvaluesfor the first overtoneof the out-of-phasecarbon-hydrogeleformationvibration involved in Fermiresonance.
© Literaturevalues.®

Table 3. Activation parameters for the alkaline hydrolysis of Calculations
3-(substituted methylene)-(2-1(3H)-isobenzofuranones in

0, H ora
70% (v/v) aqueous dioxane at 30.0°C All the calculationswereperformedby AM1* usingthe

Substituent ~ AH* (kcalmol™)®  AS* (calmol™* K~%)P VAMP programpackage'” Geometriesverecompletely
orh 128 T optimized without any restrictionsusing the keyword

PRECISE.Transitionstateswere approximatelylocated
SPh 11.4 -20 : . . .
PH 12.7 _17 by reactionpath calculations,refined by gradientnorm
minimization and characterizedas true transition states
@ Valuesof AHt and ASt are consideredo be accurateto +500cal by force constantcalculations.Downbhill optimizations
mol~* and+2 calmol™* K™%, respectively. S ) . .
b1 cal=a.1843. [intrinsic reactioncoordinate(IRC) calculations]along
© Literaturevalues™ both directionsof the normalmodecorrespondingo the

0 1998JohnWiley & Sons,Ltd. JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 467-474(1998)



470

K. BOWDENETAL.

Table 4. Observed log k, for the alkaline hydrolysis and heat of formation (AH;), bond
orders [p(C=0)] and dipole moments (u) of the phthalides

Compound  Log k; AHs (kcalmol™)° p (C=0) i (D)

1 -0.186 ~15.9(—16.4,44.5f 1.8579 6.01

2° —0.336 —22.8(—23.2,44.5), 1.8565,1.8540 5.78,6.33

—22.0(—22.5,44.7%
5° -0.243 —23.55,-23.5 1.8570,1.8571 5.90,6.27
7° 0.033 —22.3,-22.6 1.8620,1.8617 6.50,5.16
& 0.072 —60.4,—60.7 1.8630,1.8628 6.71,4.91
o° 0.455 —10.4(—11.3,44.0%, 1.8712,1.8703 9.52,4.48
—11.2(—12.0,43.8f

10 —0.280 ~235 1.8569 6.12

11 —0.280 -53.3 1.8559 6.88

13 0.017 227 1.8619 5.71

14 -0.137 —60.6 1.8612 5.68

19 -0.301 ~-31.1 1.8563 6.10

24 0.328 13.0 1.8601 5.63

25° 0.281 5.3,5.3 1.8595,1.8595; 5.61,5.92
26° 0.595 6.4,6.2 1.8636,1.8633 5.95,4.49
27 0.152 5.2 1.8592 5.85

29 1.100 18.0,17.3 1.8710,1.8699 8.67,2.59
30° 1.246 17.0 1.8743 6.33

& Numberingof compoundsefersto Table 2.
b1 cal = 4.184J.
¢ Conformations2a and 2b, respectively.

4 SCRFvaluesfor reactantphthalide and TS1, respectively.

imaginary frequencyestablishedthe two minima con-

nectedby the transition structurein question.Solvent
effects(H,0) wereapproximatedy the SCRE= method.
In Table 4 are given the heats of formation (AH;

in kcal mol~) anddipolemomentg in debye)together
with the bond orders[p(C=0)] for the carbonylgroup.
For 2- and 3-substitutedderivatives,two conformations
(2a and 2b) are considered.For electron-withdrawing

0 Q
Il f
AN ’(/\"/\O
| I o 5 i
S X |‘
I
H/k? H/\(?
Xy Y
=X X
\\// v
2a 2b

substituentge.g. F, Cl and NO,), conformation2b is
more stable,whereasfor electron-releasingubstituents
(e.g.CHs), conformation2a is more stable.In the latter
case the energydifferenceis too smallto be significant.
Furthermorethedipole momentsof conformation2a are
higher in the caseof the F, Cl and NO, substituents,
whereaghereversds truefor CHs. Forthe SCRFresults
in Table4, the heatsof formation(AH; in kcalmol™) of
the lactonesl, 2 and 9 (Table 2) andthe first transition
state,TS1,aregiven.Thereactionpathwayconsidereds
shownin Scheme2. The additionof the nucleophilewas
found to be rate determining,asin our previousstudy?
The computedstructuresfor the more stableconforma-

0 1998JohnWiley & Sons,Ltd.

tions of the substrate, TS1 and TS2 for the lactone9
(Table2) areshownasFigs 1-3.

DISCUSSION
Carbonyl stretching vibrations
The 3-(substituted phenylmethylene)#)-1(3H)-iso-

benzofuranone&c andtheir tricarbonylchromiumcom-
plexes exhibit significant splitting of their absorption

Figure 1. Computed conformation of compound 9, Table 2
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Figure 2. Computed conformation for TS1 of lactone 9,
Table 2

bandsin the carbonylstretchingvibration regionresult-
ing from Fermiresonanceof the fundamentalcarbonyl
stretchingvibration with the first overtoneof the out-of-
plane carbon-hydrogendeformation vibration in the
arylmethylenemoiety>® For the correspondingphenoxy
systems la, only the compoundsiumbered, 5, 15, 19

101.440) 131.2

Figure 3. Computed conformation for TS2 of lactone 9,
Table 2

and 20 in Table 2 exhibit a Fermiresonanceloubletin
the vco absorptionbands.The infrared spectraof the
abovefive compoundswere correctedfor Fermi reso-
nance after deconvolutionand band separatior?. The
carbonylstretchingvibrations of the phenythiosystem,
1b, areall unsplit.

The carbonyl stretching frequenciesof the 3-/4-
substitutedohenoxylactonesystemla measuredn both
chloroformandtetrachloromethaneere correlatedwith
Hammetts constants;* asshownin Table5. Theformer
give a satisfactorycorrelation,but that for the latter is

Table 5. Correlations of the carbonyl frequencies, vco, and alkaline hydrolysis, log &, of the phenoxy and thiophenoxy lactones

1aand 1b.?
System Parameter I s vg or log ko r n
veo(3-14-substphenoxy)in CHCI; o 14.6 15 1778.8 0.954 11
veo(3-14-substphenoxy)in CCly o 8.5 1.8 1792.0 0.874 11
veo (all phenoxy; in CHCl3 o 13.6 15 1777.8 0.932 20
veo (all phenoxyy in CCl, o 7.2 2.4 1792.4 0.812 20
veo (3-/4-substthiophenoxy)in CHCI; o 10.8 1.2 1781.0 0.971 7
veo (3-/4-substthiophenoxy)in CCl, o 7.6 0.4 1793.0 0.992 7
veo (all thiophenoxy)in CHCIs o 10.8 0.9 1781.0 0.980 9
veo (all thiophenoxy)in CCly o 7.7 0.6 1793.0 0.983 9
Log kx(3-/4-substphenoxy) o 0.740 0.057 —0.164 0.974 11
Log ko(3-/4-substthiophenoxy) o 1.096 0.079 0.327 0.987 7
Log ky(3-/4-substphenylf o 1.485 0.085 —0.013 0.980 15
Log k; (all phenoxyy veo(CHCL) 0.0486 0.0058 - 0.855 21
vco(CCly) 0.0855 0.0126 —° 0.842 21
Log k, (all thiophenoxy) vco(CHCL) 0.0986 0.0099 - 0.966 9
vco(CCly) 0.137 0.016 —° 0.954 9
Log ks (all aryl)? vco(CHCL) 0.0975 0.0052 - 0.959 33
vco(CCly) 0.101 0.014 - 0.774 36
Log k, (both phenoxyandthiophenoxy) p(C=0)' 79.9 10.1 - 0.898 17
Log ks (all phenoxy) p(C=0)' 54.3 3.4 - 0.983 11
Log ks (all thiophenoxy) p(C=0)' 71.4 5.8 - 0.987 6
Log ks (all aryl)? p(C=0)' 89.2 5.1 —° 0.962 26
veo (all phenoxy)in CHCly p(C=0)' 1097 3 _e 0.895 11
veo (all phenoxy)in CCl, p(C=0) 594 1 - 0.929 11
veo (all thiophenoxy)in CHCl; p(C=0) 687 2 - 0.950 6
veo (all thiophenoxy)in CCly p(C=0) 463 1 - 0.970 6

asis the standarddeviation,r the correlationcoefficientandn the numberof substituents.

b Except compoundst, 21 and23 (Table2).
¢ Exceptcompoundst and23 (Table 2).
d Literaturevalues®

¢ Computedas Av or Ap(C=0) from that of parentcompoundfor series.

f Bond orderof reactingcarbonylgroup (seeTable4), usingthe moststableconformationwhenrequired.

0 1998JohnWiley & Sons,Ltd.
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poor. For the 3-/4-substituted thiophenoxy lactone
system1b, both correlationsare very good. As a first
approximation for 2- and 6-substituentspara-o values
wereusedandsimpleadditivity of o valueswasassumed
for di- and tri-substitutedcompoundgseebelow). The
correlationsincluding the unperturbeccarbonylstretch-
ing frequenciesfor chloroform solutions are greatly
improvedwhen comparedwith previousstudies! How-
ever, the correlationsfor all the phenoxylactonesare
poorerthanthosefor the 3-/4-substitutegystemalone.lt
might havebeenexpectedhat the frequenciesandalso
thereactivity studieswould bebettercorrelatedusingo®
values™* which aredesignedo apply to systemshaving
an insulating link for resonanceeffects betweenthe
phenylandreactivegroups.Correlationsusingo® values
were,in the main, significantlypoorerthanthoseusingo
values.It appearghatthe oxygenor sulfur links do not
actasaninsulatinglink here.

Alkaline hydrolysis

The ratesof alkaline hydrolysisof the parent3-phenoxy
and3-thiophenoxycompoundselativeto thoseof the 3-
phenyllactoneareca 0.64and2.1,respectivelywhereas
thatof the 3-phenylsulfinylactoneis ca3.3. Thesearein
the order expectedrom the polar effectsof the groups,
i.e. the parao values are —0.03 (OPh), 0.07(SPh),
—0.01(Ph)and0.44 (SOPh)#

The activation parametergor the alkaline hydrolysis
of the 3-phenoxyand 3-thiophenoxylactonesare shown
in Table 3. They clearly indicatethe bimolecularnature
of the reaction.Comparisorwith eachotherandthe 3-
phenyl lactone indicatesa significant decreasein the
enthalpy of activation for the 3-thiophenoxylactone,
which arises from the greater electron-withdrawing
capacityof the thiophenoxygroup.

Transmission of polar effects

TheHammettequationEqn (1)] correlationsof therates
of alkaline hydrolysisof the phenoxyand thiophenoxy
systems,la and1lb, areshownin Table5.

log(k/ko) = po (1)

Bothcorrelationsaregoodandthe p valuesfoundareless
thanthatthosefor the correspondinghenylsystem,1c,

aswould be expectedThevaluesof p/pg areca0.51and
0.74for thephenoxyandthiophenoxycomparedvith the
phenyl system.Thesevaluesare greaterthan might be
expectedand could arise from a conformationof the
phenoxyand thiophenoxygroupsthat is favourablefor

electrostatidield transmissionT helatterwould placethe
substituentscloser to the reactionsite than in an ‘ex-

tended’ conformation.The transmissivecapacity of the
sulfurlink is significantlygreaterthanthat of the oxygen

0 1998JohnWiley & Sons,Ltd.

link. It would be expectedhatthe electrostatidield and/
or o-inductive transmissionwould be comparablefor
both systemsThe phenoxyandthiophenoxygroupsare
both in direct conjugationwith the lactone carbonyl
groupthroughthen-electronsystemThus,then-electron
transmissiormust be more effective for the sulfur link,
possiblyarisingfrom the greatemolarizability of sulfur.

Therelative effectsof the 2- and4-substituent®n the
alkaline hydrolysis can be assessedor the phenoxy
lactoneshy lactones2, 10 (CHy); 3, 12 (Br); and 4, 13
(Cl)in Table2. Theratio ky(2-X)/kx(4-X) = 0.73(£0.05).
This indicates a reduction in transmission of the
substitueneffectfor the2- comparedvith the4-position.
Previously,it had beenfound that the transmissionin
ortho-substitutedbenzoicand 3-substitutedacrylic acids
was betweenl.5 and 2.5 timesthat in para-substituted
benzoicacids!® For anelectrostatidield effectthis ratio
was consideredo reduceto aboutunity asthe reaction
site andthe substitutedohenylgroupare separatedasis
observed?

Correlation of rates and carbonyl stretching
frequencies

In ourpreviousstudyof 37 diversearyl andalkyl lactones
of thetype 1c, avery successfutorrelationwasobtained
betweertheratesof alkalinehydrolysisandthe carbonyl
stretchingfrequenciesn chloroform,usingequation(2);

logk, = avco + constant (2)

whereaghe measurements tetrachloromethae gavea

poor correlation® The latter appearedo be due to the

carbonylstretchingvibration remainingperturbedn this

solvent.Forthethiophenoxyactones,1b, studiedhere,a

very successfutorrelationof this typeis shownin Table
5 for measurementsadein both chloroformandtetra-
chloromethaneThe correlationsfor the more extensive
seriesof phenoxylactones,1b, shownin Table 5 are
satisfactory but not as good as thosefound previously’

for thearyl andalkyl lactonesor thethiophenoxyactones
studiedhere.

The conclusionmust be that the factors controlling
reactivityandcarbonylstretchingrequenciesnustbethe
same.The stabilizationof theinitial state relativeto the
transition state,for alkaline hydrolysisby, in the main,
electrostatidield effectsmustbeduplicatedn governing
the easeof the stretchingvibration asrepresentedby the
canonicalstructures3a and 3b.

Additivity of substituent effects in alkaline
hydrolysis

The additivity of substitueneffectscanbe investigated
for thelactonesl5,16and18-23in Table2. Additivity is
shownfor the reactivity of lactonesl5, 16 and 18-21

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 467-474(1998)
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N+
Cc—0O
/

N
c=0
/s
3a 3b

within 95-100%of that expectedHowever,lactones22
and 23 arevery muchmorereactivethanexpectedrom
additivity. Thesetwo lactonesare both 2,6-disubstituted
systemsand the only such lactonesstudied. It seems
possiblethat a conformationalswitch occursfor these
particulardi-ortho-substitutedactonesn whichtheelec-
trostaticfield effectis muchmoreefficiently transmitted
from the dipolar substituentgo the reactionsite.

Calculations

Semi-empirical calculationson the mechanismof the
additionof anionicnucleophilego carbonylgroupsface
several problems: (i) small anions such as OH™ are
poorly describedby these procedures(the same also
holds for lower level ab initio calculations):* (ii) For
isolatedmolecules.e.g. gas-phasealculationsaddition
occurswithoutanybarrier!~**Therefore the activation
energiesof reactionsmeasuredin solution have been
attributedto desolvatiorof theanionicnucleophilerather
thanto its addition®® Henceit cannotbe expectedthat
reasonableagreementbetween experimental solution-
phaseactivation energiesand those calculatedfor the
additionof anionicnucleophileswill be obtainedwithout
explicit consideratiorof solvationshells.(iii) Insteadof
the experimentallyobservedOH™ addition, frequentlg/
deprotonatiorns foundby semi-empiricatalculations:®
Similarly, an AM1 transition statefor the alkaline hy-
drolysisof carbamategsorrespondso a switch between
ElcB andBac.2 mechanismsatherthanonefor addition
of OH™ to the carbonylgroup®?

However,the size of the moleculesconsideredn this
studyprecludesa treatmentby reasonablyhigh-levelab
initio  methods. Therefore, we used semi-empirical
(AM1) molecular orbital calculations. Given the
above-mentionedimitations, the reactionsin question
weremodelledusingH»0 ratherthanOH™ asa nucleo-
phile. Such an approachhas proved to give reliable
resultsin relatedreactions’?* Using H,O as a reagent
implies that, besidesaddition to the carbonyl carbon,

proton transferto the oxygen atom is also necessary.

Hencethe activation energyfor sucha processwill be
considerablyhigher than that for a simple addition.
Furthermore,the stability of tetrahedralintermediates
appearsto be overestimatedoy the AM1 method. For
instance,the ab initio MP2/6-31G*//HF/6—31& reac-
tion energy? for additionof H,O to the formyl groupof
glyoxylic acid is —11.4kcalmol™! (1 cal=4.184J),
whereasAML1 calculationsyield a value of —22.1kcal

0 1998JohnWiley & Sons,Ltd.

mol~1. As a consequencethe activation energyof the
ring-openingreaction of the tetrahedralintermediates
will be overestimatedHowever,apartfrom thesedraw-
backs,a reasonabladescriptionof mechanisticaspects
and also substituenteffects on the kinetics, can be ex-
pected.To modelthe experimentaktonditions,H,O was
usedasa solventin the calculations(SCRFapproxima-
tion™).

The barriersto the hydrolysis reaction calculatedin
Table4 follow thetrendsfoundfor the hydrolysisof the
lactonesl, 2 and9 (Table2). Furthermorein Table5 are
shownthe correlationsbetweenlog k, for the alkaline
hydrolysisandthe respectivebondorderp(C=0). While
the correlationof the phenoxyandthiophenoxylactones
takentogetheris only moderatelysatisfactorythe corre-
lations of the two seriestakenseparatelare very good.
Theunperturbedarbonylstretchingirequenciedor both
seriesin both solvents give linear correlations with
p(C=0) of the sameorderof significanceasthosewith o.
Thesedemonstrateclearly the succesof the computa-
tional approachin correctly predicting reactivity and
physicalpropertiesquantitatively.
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