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Abstract - Iatraeoiecuiar proton transfer eeuiilbrir of rcetaeide and wthyi 
cerknte bate beer studied by AR1 i@ csicuiatiow. and the results are 
coemred ritb tbose of tbe itRIM sethod. It xu fourd that the tuo seai- 
emeiricri methods predict essentially the saw proton transfer wcbnniss. 
but ifRW toads to overestirte the l ctiratioe barriers. Participotioa of oee 
soirate water in the srotoa transfer led to a coasiderabie iowrinr of the 
activation barrier, by nearly the sama l soxnt, in botb mtbods. One notable 
conflict kteeee the Cue wthods ass that tbe m&boxy-O-srotonated fora of 
mtbyi carbassto. in Cbe sas phase. can be a local l aersy sisisus ritb iiRD0. 
rhereas it leads to dissociatloa into tw species instead of an optisited 
structure ritb AM. It ns coecirded that the ID0 method can be useful for 
this CYW of process. emiaiiy rben one is intorested in the relative 
activation barriers only. 

IRTROWCfIOR 

The mchaniss of acid hydrolysis of aaides is mderate acidic aedia deeesds on ubicb orotoeated 

fors is iayoired in the rate-bteroinins attack by vater.a It is therefore of Interest Co alder- 

atsad orotoeatlm behaviors of asides and related comeounds.a In a prerious paper.. ue reported 

Cbe results of our MfKi NO studies on the intrasoiecuiar proton transfer eeuiiibrir of l cetaside 

and metbyi carbaute. Ue found Chat evea one soirate uater uoiecuie iorers tbe enorsy barrier to 

proton Craosfer srbstantiaiiy. and the process proceeds In an intermolecular sanwr throusb the 

intermdiacy of the eater solocale via a triple-reii type wtentiai energy surface. Ue houerer 

noted that in various structures correswndiru Co the Crrnaition sCata( proton bridges are 

formd betreen Cvo hetcroatoss. 0 and W. this say result in an unduly hirh enercy barrier since 

the hrdroren bondinr enemies are not Prowrlr accounted for in the UW nthod.m Ue therefore 

have undertaken sieiiar studies usins the All mth& in which such a deficiency inherent Co the 

IWW method is rectified. and have compared the two methods to see if there is any eechanistic 

differeaces oredicted betxeee the tuo wthods. 

CALCRLATIORS 

Ail caicuiatioas sore carried out usins the Ml prmras.T Ceosetries of the seeciea at 

statfoamy wlntn wre friiy ootiaited by the eeerey rradient mathod.. Transition states wre 

charactorited by confiraiac oei~ one nerrtire eirenraiue in tbe iiesaiaa matrix.e 
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RmiLTs Aim DI5CU53IOn 

Relative stabiiitiesfa AHvi of orotonated tmutowrs calculated bx tbe tuo m&hods. itit and 

AN1 for sceteside and mtbyi carbamate are compared in Table 1. Reference to tbis fable reveals 

that : (iI The tuo mtbods asree in that the carbonxi-0-protonated tautowr is tbe more stable fore 

Table 1. I irtive stsbiiities(kcri/~ii of protooed tautowrs of ecetamide, 
mimconYal - &Oi,. and mtbri carbaute. KliACORilr)iI’&OI.. ritb n = 0 and 1. 

Prosram ima co’ All1 

Acetamide Methyl cerbamste Acetamide Hetbxi earbaute 

O- R- Carboayi W- it&boxy O-‘.’ I- Carhonri it- Ifetboxy 
O- O- O- O- 

0 17.19 0 18.95 35.12 0 10.91 0 13.21 - 

0 16.45 0 19.13 35.27 0 9.89 0 10.33 - 

Protoarted 
tautomer 

n\ 
0 

1 

(0) Data from reference (4). 
(bi Heat of formation. Afl~. for reference substrates are riven in figures sborim 

optimized geometries. 

as found exoeri~ntriiy.’ Houerer, the energy differences between the two toutomers are smaller br 

5 - 9 kcai/mi with AR1 compared to those ritb WWW. The smaller energy differences srrrest 

tbermodraamicrily more facile tsutomeric equilibration. ibis is consistent ritb the exeerimentaiao 

as veil as theoretical” acid brdroirsis mechanism. The aucieoehilie attack of the iI-orotonated 

form by vater in the rate detersinins step folious a rapid pro-equiiibriom betueen the more stable 

carbonri-0-protonated and the ii-protonated tautomers. (iii The tuo methods predict tbrt reintire 

to the carbonyi-0-protonated form, tbe ii-orotorrted taetomer of scotamide is thermodxnrmlc~liv more 

favored than that of metby1 corhoute. indicating tbe relative l bundaa 

viii be greater for acetamide under the same conditions. 

In a strikinr contrast to tbese general ureements. l serious conf 

two semiempirical methods. The YDO method predicts a stationsry eeui 

to tbe methoxr-0-protonrted teutomer for mstbri cwbrute ritb an ooti 

B of tbe I-protorated form 

ict uas noted ktueen tbe 

ibrium point correswndins 

ixed structure rhich is less 

stable by 35 kcsi/moi relative to the crrbonyi-0-protonated form. rherers no such optimized struc- 

ture vss obtained rith AM. Instead an attempt of optimization leads to complex (AI, in rbich 

partial bomd cleavage has taken place. In or&r to elaborate on this utter furtber. ue have 

cnrried out geometry optimiution of a reioted structure (BI. ritb tbree methods, i.e.. 101W. AN1 

and l b initio 3-21G hasis set. 7be results sboued that an optimized structure for (Bi vas ohtsi~- 

able only rith NRDO ; the otber tvo, AN1 and 3-21G. cave instead complex (cl. rbicb is l nalosous to 

(A).” It appears therefore that tbe existence of tbe metboxy-O-protonated form is ualikei~ in 

the sas phase. in view of tbe fact tbrt tbe AJil results uere msre realistic ID predictins facile 

proton transfer equilibria. in Table 1. Ue disregarded tbe metboxy-&protosated form is our dis- 

cussion of the proton transfer mechanism rccordinriy. 
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(I) Protouted AcaeBide : 

0 

II 
J% 

clh 
(ID 

l’ba ems phmse proton shift (a = 0) conairts of tro steps : 

(1) Out of plane rotation of 0-F l roomd tbe C-O bond from tbe direction pointing the CR= crow 

toomrd tbe WI= croup. 

(ii) 1.3-proton shift ” fro8 tbe cmrbem31-0 to Il. 

The potentiol eeersp profile representinr the tea mteps is river in Figure 1. and reoaetriee of 

tbe species st the stmtionmry poimtm l re collected in PIsure 2. In this ems p&me procems. the Ts 

structrre corrempoadinr to the rmte determimiw step is l four-mmbered ring iavolred in tbe 

trpicm! I.3-proton shift. The TS structrrs is verr similmr to thmt obtmlned by 119100, bmt the 

168.42 

118.!54 

-\\ 
#J ls1 \ 

110.33 ’ 
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Pta*, 2. Gor(ria of ssias l t mtatfart poimtm a t& wmmtiml m profile for 
tbnwotu~trds. (D--+(ID QoaflatbmrdrIruoIn A rddaor). 
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activation barrier Is lover by 12.6 kcsl/sol comewed to thrt by llllD0. Rho tee rthb. thus, mire 

quite similmr notentiai enercy profiles ritb a aimlIar T3 structure, but a higher enerry barrier Is 

obtained ritb RllDO. Revertbelesa tbe SW phase activation bmrrier of RR.1 keel/eel o&aired by All1 

is still too bicb to be prrcticable. 

Uhen one soivrto rater eoleculo participates in the proton transfer fn = II. the barrier 

becomes substantimlly lovered. In tbls process. the overall reaction consists of three steps as 

can be s8en in the wteatiel energy erofilo wesested in Pirure 3 : 

(iI Out of plane rotation of O-R’ toward tba lills croup, similar to tbe maa ebrne process. 

(ii) lbnrotonmtion from tbe cmrbonrl-O-protonated tautomer. (I). by tbe solrate nter molecule. 

(iii) Re-wotoomtion to form tbe I-protoarted tautowr. (II). in tbe rate determininr step. 

I 

Rc - 

I 
IC I 

Remctioa Gadirpte 

Figwe 3. Potantiml m ufwfile for the PI&X trmsfw. (11 l l&l - (III l lh0. 

In rdditioe to reactant and product co~leresW. tbwo ore tro iatermdiete comolexess(ICI 

forwd ia betwen the three TSs. Optimized structures of l ll coeplexex end l5.s are collected in 

Pirure 4. All of tbe coeulexes. UC. IC and PC). l nd TS I are seen to cossist of a omlr of proton 

donorfprotonmted species) and receptor frrrments. vberers in the ‘Es 2 and 3 tbe proton foru a 

bridme betveen the tvo frymeats. These fertures are in rood l rreemest ritb the RllW results of 

proton transfer studies reported recently. Tbe ovrrll proton transfer in I srbstrrte with two 

bssic ceetersfbeteroatwl A asd B involvinr one solvrte lnter can be rcpresoated In m simple form 

of Scben 2. The structure of IC 1 differs from that of RC only in tbe direction of 0-I’. and 

there is e null rotational brrrier. Ts 1. in betreen ( atee 

. . . 

Ml + llm0 - ABR---Oila - AR-U-ORn 

Reactants PC and IC I ls2 

. . 

(i) above 1. 

. 

4 AB-*-UOlk 

IC 2 

Bu . H,O c BM--OLIx - BA-H-Ok 

Products PC Is3 

Schew 2 
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The activation barrier In tbis case is 16.2 kcal/aol as shorn in Figure 3. vbicb is lowr br 

41.9 kcalhol tbaa tbat for tbe saa phase process. Quite si~llar barrier beirbt loreriar. by 41.7 

kcal/ml. ws realized ritb NUW with tbe participatloa of one wter aolecule la tbe protoo 

transfer, althoorb tbe barrier beirbt uas bicker br 13.0 kcnl/aol coaeared ritb tbat obtaiaed ritb 

Ml. Coaparison of AM1 structerea ritb tbose of the corrwtiinr swclea obtained by NWMl 

indicates tbst the distance betwen the substrate proton and wter aolecule is reduced. in reaersl. 

froa *2.5A WWI) to 2.0 * 2.2A (AN11 ; an extra stabiliriar interaction resulting in the 

distance decrease should originate In the bydrocen bonding tbot is accounted for in AYI. since tbe 

cbarre-dipole interaction is cowo to both mtbods. llowrer, otber structural futures of the 

correspoadinr coaplexes and TSs on the potential ewrcy profile are quite siailar in both aetbods. 

Moreover the essential aecbanlstie details wre also found to agree in the tvo mtbods. 

(11) Protonatsd l&ethyl Csrbaute : 

OH 0 

I . OidO. II 
P\= n=Oal 

Haa 
,p\, 

(III) (Iv) 
sck3 
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l’be proton trmafer proceao of protoamted matby carbamte in 3cLm 3 is very aimilar to thmt 

of protouted l cotamlde im Scber 1. l’be potential enermr profile for the m~s phase (n = 0) proton 

transfer Im mtbrl carbmute im sbom ID Plrrre 5, and the optlmizad mtructrrua of the wecies rt 

tbe statioamrr points l re collected 1~ Plgrra 6. Pefersrce to Plrure 5 show t&t rotation of C98 

in the m&boxy mroup mi~w the 73 1, the proton rotatior tourd the I& croup, l s uss found in tbe 

l cetmmi& cue. rioIds the 73 2. and lastly the 1.3~proton ablft from the cmrbonrl-9 to I Is the 

rmte &tormlnIar step ritb the 73 3. The overall pcocwm ia uair la rood l rreement ritb that 

food rlth WI99 ; here alma tbo mctiration barrier ia lowr br 11.3 kcol/wl rith AN1 cowared to 

tbe corrwwadiu bmrrier holght by IIMMI. 7be gaa phase bmrrier to the proton shift seem still 

too birb ( w 59 tcaI/~l I to be practicrble. 
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Um we eolvete eeter molecule perticfpetee in the wotoe tmeefer fs = 1). the procees 

~roccnds VII an iatwmluwlw path, end the berrir belch Ie deweewd to 11.9 kcelhol. whfcb ie 

toeer by 48.5 kcahol tbaa in the am pbese pcocese. Tke pohetiei areray profile end the cptf- 

l ized etrvcteree ere ereeeeted ia Pirrre 7 end 8. nere e#eln the R(1 Detbod giree subeteatiolIY l 

lover ( by 15.5 keel/ml 1 l ctiretioe berrler tbes tbe wlff) wtbod. Bowver the reletIre loverins 

( 48.5 kcei/wl 1 with remeet to the see hese berrier is coeesreble to tbe eorrwpodfsr rslue 

bctla Chadlate 

Pigwe 7. fbtential ewru eroffie far tJ81 yvotaa Wu, (110 l IUI - tNl l ibl). 
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obtsined ritb the burn Detbod ( 48.4 Lcal/Dol 1. The orsrsll process of proton trsnsfer in methyl 

csrbsmste Is essentislly tbe ssme ss tbst in scetsside. and csn be sisilsriy represented ss in 

Scheme 2. 

lho sctivstion bsrriora 

i .t. * csrbonyl-0-protonsted 
studied in this vork. 

for the rate-lisitinr step rtlstire to tbt protonsted rround state. 

fors. sre sunsrited in Tsble 2 for the tuo protossted substrates 

fable 2. Activation bsrriers fkcsI/mol) to proton transfers from the dominant 
csrbonyl-0-protonstsd tsrtomers ( Ground state ) to R-protonsted tsutomers. 

I rm I AWI 

Acttssidt lfetbyl csrbsmstt Acetsside &ethyl csrbssstt 
q corbonyl-O- csrbonyl-O- csrbonyl-O- csrbonyl-O- 

to R- to II- to w- to R- 

The results of the present studies csn be susmsrited sa follows. 

fi) The MI snd WRDO methods srrtt in that the sctivstion barriers of the sss phsst intrswltculsr 

proton trsrsfars both In scttsside and mtbyi csrbsmste srt prohibitively birh ( -60 kcsi/mol 1. 

but the psrticipstion of even one solvstt rater molecule lovers the barriers considerably snd 

lesds the processes to becow practicable vls inttrmoleculsr paths. 

(ii) The two atsitmpiricsl w&hods predict tsstntislly the ssse proton trsnsftr mechsniss. but WRW 

appears to overestimate the sctivstion barrier. 

(iii) Lortr sctivstion bsrriers exhibited by the AR1 p&hod compared to those by llRD0. by 16.2 snd 

II.9 kcsI/mol for scetsmide and methyl csrbsmstt. respectively, sct~ to better sccommodste the 

txporimtntsl facts of the rapid proton transfer pre-equilibria prior to the A2 hydrolysis of the 

tvo compounds. 

(iv) The difftrtnct in barrier hsirbt betveen thst for the gas phsst and thst for the process vitb 

one rater molecule agrees rtmsrksbly well in the tvo methods for the tvo compounds i the BID0 

method is therefore useful even for the this type of processes involvins hydrogen bonds vhtn one 

is interested in the relative activation bsrritrs only. 

AElr4r/e&eayafs- Ue thank the Kores Science and Ensinttrins foundation snd the Center for 
Theoretics1 Physics snd Chemistry for support of this rork. 
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