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Abstract - n* uachdrm of the h2 hydrolysis of aataids has bsar iwestigated 
thsomtically using 1)oo aathod. filly cqtimimd qcawtries of all qzecies at the 
stationary points ameqmding to energy minim and energy muim alutg the reaction 
cmrdinatr are detamimd for the bn reactim psthe: tb ratbdstanniniq nucleophilic 
attack of watat a ths -1 cacbon (i) of the 

3 
rotonstd mutam ad (ii) of the 

Hprataasa form. lbssults &uu that the lattm Bsalc4mr6mgypathby7.5 
~~l~~tothsfoasr.Iter~gscl~‘fandwcenrt~tharrrW 
minim ht at or mar th se&Ale pointa. ~lmizad stnrtune ad fonml ctmrgc4 cn 
hwwyatxmlJrvnauthathabadtitctrargsvimtheanalr~pmM~~ 
~pLsdatIhsmtcdrta~~s~.a*nsqrtlM~tgaanNaur~fandto 
irrrsaJa in the ratn-&ternining slap relati* to that of t!w grand stau, ttm 
*K.wmted ammids, m-d tmme substitutlul of electtrm VlthQGling Qrorp ul N is 
pmcllczbd to 4mm the activation emrgy in wt. with the nrprimatal results. 

ms hydrolysis of tides in ixpeaus scid eoluth has baar inwstigatba extumively! and is wichly 

held to imml~ ratbdaamining no~l~ilic attack of vster UI the cartmyl carbon of the a&k 

which hm been protarated in a prmquilibrim step. 1 Since mides. csrbamtes Md ureas are all 

protaratnd pfxkmirrurtly cm the csrtxmyl oxygen atan@protmated tautassr),’ a Cmuun mkhMisn of 

acid ~rolysis my be expectA Lncrolving attndc of ustar on the ~rotmatul fom.ld 

01 the &her had, the attsck of a nuclaqhile at a carbrryl carbon has received axnldcrable 

attention frm experimntal as ~311 as theomtical &emists txmiuse of its wrtmt role in mmy 

organic md biochemical rmctims! ‘Iha prohss is beliewd to promed thrc+ a tetrahedral inter- 

madiate. Muever at the premmt, thera are tuo different vi- as to the role of the intermdiatm in 

tha process: gas phaec studiea of the intrlnaic mactivity of the carbony caqxkvrs Lndlcated that 

the tetrahedral structure is located mt at the emrgy mininea but at the sa&Ue point, *raas 

solution phssc studies s suggcstad that the tetrdmdral qecies is m intermdiate axraspadirq to a 

1-1 tiimm on the potantial energy surface. Results of theoretkal studies QI the process6 are 

also irhcisiwz; reports are diviQd md fail to agree qxn ens or the other vitw. 

In this work. we exmine the hydrolysis fmchmien of the protanated acctanldt theoretically usinq 

MU3 method’ with a view to casting li*t cm the follcuing queetims: (I) tiich ptomnated tsotarr. 
the prechinmt *rotmated or the minor HprOemated. is involved in the rat.+&tamin@ attsdr ty~ 

water? (ii) tit is the nature of the tetrahedral -lax, the intermdiata(Ic) or the transition 

state(TS)? rud finally, (iii) is there a cl**mon mbchMiun for the acid hydrolysis of w&&s. 

Gxtnwlltes sd Urma? 

caVlusi0ns regarding the third q&H.icm mst of ccwse malt our results of similar theoretical 

studies on ths scid hydrolysis of cartmmtas ad umm. 

+mteminatim of Reactivity by m Ihsorymart 44) 
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6628 1. Let: tf d. 

In this uork M limit cur investigations to the A2 rextim mcJmnipl’do ’ of the acid hydrolysis 

of axtsaidc, iwAving ratt4atermlnlng mcleqhilic attack of c~tm cm the carbmyl carbar of the 

anida uhich hss been p-tad in a prbsquilibriun step. In our prwicus work, UE have rehem that 
the pmdminmtt tautamr of axtad& in ancmtrati acid solution is the ~-protmsted form(l) and 

the ~pt-cenntad form(II) is the aimr tautumm *hi& is hiwr by 17 I(cal/rml in enargy ttw (I). 

b /\ +“2o 
“8 

(I) 
m2 

(1) 

\ 

H/\ 

l “P 

(II) 
Hs 

-1 

M therefore explore tvo aDQl3 for ths Is. each invlcrving mcle@ilic attsclt of cBter fn a 

different tautumr of the pmbnad acstarrlb. ~a should tmmver ksq, in mind that the grand St(lte 

consists of (1) md y3. fran thkh the tautam (II) and *O is Corrpsd by activation(p- (1) in 

Sdmm 1); our Iwx) remlts9 shw that the activatim barrier for 11) is 29 til/rrol vith am 

eolvate bfatdr acting as the imsnmdiacy for the protM transfer frcrm (I) to (II). 

[4t w first exmim tlm r&u#im for attack of uttir QI WKJ n~rmlly dani~UR tautam (11. the 

proams (2) in S&em 1. i&sults of our calculatiars are sunmrized in the potsntial afbmgy profile, 

Fig 1. It is vidcly held that tht process (2) lea& to a tetrahedral intxmediate?~6 Indwd we found 
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xc 2, besibs tb mazwR(Ic) end probct mplexesmc). nllly 

at the statbuy pohta am a~llctbd Fn Pig 2. At thm hic#nst 
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Table 1. PO 
T 

drargsr@tz. in tlectrrnic charge mit) ad bd 
lengths(8t. in 1 for mlmwit specka cn mctian path (2) and 0) 

I pad 1 Path (2) I Path 0) 

StatdI) n: Is1 IC 1 Ic TSl IC 

Kz N -0.2190 4.3742 -0.2610 -0.0635 -0.0669 -0.2353 -0.3002 
01 -0.3256 4.2050 4.2376 4.2955 4.3793 4.2664 -0.1611 

BL’ E? 
1.3237 1.3608 1.n39 1.3760 1.2021 1.1999 1.1967 
1.3394 1.4105 1.5150 1.6190 1.5563 3.5754 

C-02 a 1.6365 1.4548 1.3716 3.6776 
::EE 

1.5016 

waxI length for the bad involving cxbmyl cartxdc): 0, and 02 l r8 the carbayl 
Ma cater oxygen, mqJedively. 

In table 1 us hmm mumritsd relevant atic charge9 ad bard lengths for the qecies ad the 

‘ISl~thtrssctl~~athe~2~and~3~.~notsin~8tablethatlarqthOfthsC-Nbardilrcraaaas 

(being bdcm) timus that of the C - O2 bad Qcreams(behg fond se tht mixtim procssds alcng 

thb~l~aoordlna~,n:~~l~xcl.eadlangthofthsC - 0 bed duu%cp little or is kspt 

ahmt CQgtdnt &ring ths proaw3. lbreovar the nsgat.iW c!nrgc on N dscmnadbsaats IDm pasitlve) 

bhile that. cn mter oxygm(02) incraaeasbeams less pasitiw) in&catFnq tim protm interchge 

fm q to N. At the TS 1 the positi% charge is delocalized over the N=.Cs;;Oz frm?. 
‘sp,, 

H 

Ttm activation barrier dculatbd for ths promos (2) uas 51.7 Kcsl/ml. In the other two TSs. 

sinple bud bmaking is involved. tht c - N Md 0 - H bards in the Ts 2 and YT 3. m+mctively. 

m M midat the ratbdttst’dning at&k Of U&W Q1 ehs HprOtaratEd t.mtaasr(II) , the process 

(3) in S&em 1. Bm potential emrgy profile. a triplmdl type, in fig 3 is relatively sinple 

oxpnd vith that for the pc-oo%3 (2) &we. Fully OpeimiIsd gsaatriaa for all spcies at ti 
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Pipure 3. Potmtid energy profile for the b~drolplm of rho Fprotoaacod t~utcmr. 
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axplexes, #: and xc. are fotwd with the l ttskLnqIH+N rd lW&i(WH,) frm k=atti Wi- 
matcly in the perplldiahr dimctiar to the Wrata plsns, mqctively. l&m oorreapad to the 

tw w-lea of ic ad PC. crhlch fom thn tw.b18lb; in the ab initio rewlts of ym at al!: on 

*m. nucleqhilic diqhcammt aI aa?tyl chlorida. ln 4rrahnt dththsIWUltSO:thsss 

thoCaeical studits as -11 aa vkh tk qdrwrul maAts of Bsauu! a. al.‘, M c#dnad tb 

tetrahedral TS(T5 1) ln bet- the tue~~lex~lla. Tb Wly ream rrhy * abtJnsd a triple- 

bell paantlal mrgy pmflle htaad of a barbl-ll trpe is that the pcXa8~3 of prOem hxt.ruth 

by ths leaving grap IH, to form H(: CollGm s4bqwuydongthemactionalordLnaeaaas~ 

theT52andFCinPig3. 

The bhola process cM be clansidsmd to c0nsist of hrD 8tsps: (I) sdditicn of water ~lexle QI the 

protansted -rate with Carcsrtd breaking w of the lssving grcq. w, ard (ii) abtractiar of 

thaprotonf*ehssrtatratebythclsavilqgmptoforarHi.l)rafilrtetspbano~ancsrtd 

IhJcleophilic displacQant p~atthbcsrbaylca~at~.~YYarPabset~..hars~P’In 

this 8tep the t.md intarc!uMgE tdcea plats; the w ua@exed ~la@ile, &O, in Rc forom &am the 

lasving gfpp. w3. and few the tetr6hdral TS, \Ihich !3lbqwRlyproaedstotheICcAarethe 

leaving grcq is further forcsd W to form the 1~18~. mC formstiar of P - 4 bad Md the 

bmdc&ofC-Uk%hduenfhWdintheQcrasra ms~lncraa in ttn band labgtRl3. reqcti*l~. 

inWlcl.mcmrurrartprounLnterdrangsviththsbadlmarctrangs~tdtap~in~path 

(3) as MI be ~tdn in Table 1; the mgatim chmrge Q1 N incma~~(bcccnas lam positi*) Chile that 

an o2 Qcrsascll(bharaw ~re~itiM)~~~lanprOCdQbl~Qq#:~‘LSl~LC.~~~~m 

shifts fm N to O1 and at the ‘IS 1 the poslticrs dmrgc is effectiwly d~looelirsd over the N~=&zxO 

frms. The bond lw hmlvbd in the activatiOn proossS for the paeh (3) mr. hanvar. grmater 

thm thwe for the path (2). indicati~ that the positive charge is &localized ouw larger area of 

thelcxaerTSinthepath(3). 

Sinm (II) is fonwd frcn (I) in a p~librlm prcese (1). the activ8tl~ barrhm nkuld be 

mhtiw to the grcwd state i.e., (1) + Hp in m 1; the barrier hsi# obtahd ms 45.2 Kml/rml 

&MI is lomr by 7.5 Kcal/ml cqrmd to thut in th pfumm (2) 86 llltiratd in M ovewisv of 
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lipro 5. An ovmvir of activation barrierr involved in the AZ hydrolpim of metaid*. 

# threftxe cmclu& that the dd hydrolysis OC soatsri& pmme& via the minor t+pmtauted 

Wr, chich is cbrmd in a pce-equilibrim and a&wqmtly is attackd by mater. Aarsvtr * cm 

not ~letely rule cut tJm mute (2) aa a possible anpatitive rasctim path. slnas the differmm 

in activetian mergy of 7.5 Xcal/Yml is relatively amll. 

Absoluts valtns Of activ?dYl mthalpies abtafnsd in this vork sem cartainly too high.” but this 

stem of course fma a bmll-bwmm weakmss of thsnaomltthod.” f+weww w are little ancemed vith 

theabb61~val~ascnbtMtoplnwemschnisticaapscts.lrurtheonorcth~sisagabFhassstudy 

for hid3 no experimnd axqmrisn is uvalldle. 

tinally ths nagatiM dIMgO m N bCl%BOdTabh 1) at the % 1 b Aqn- qI’= 1) - q#) - -0.0420 

md -0.0163, tsspsct’ively. for ths p&h (2) ad (3) pmcewng flwn the groukl state, tlm -tad 

form(I). Im uxld threfore qmct that elactm &mating srtatitumta QI N. e.g. XX, grap. vi11 

dastabllim the Is 1 md will elevate the actlvstian barrier ratarding the rate of acid hydrolysis. 

mis type of behavior ha8 bssn, inbsad. widaced in the experimsntal mmlts of the effect of 

N-sketitumtm tn the id& hydrolysis rate. sboll 

fUOptxqrm’rutn8dthpa#nt in thiqT.tructu* mr 
*re fully cptimlxnd vith thr UmKJy gradimt, 

rqmdhg to 8tAanary point8 

qive l igmvalue in the Rhssim fmtrix.l* 
Md ths TSs were duwsctprited by amfirming mly an 

““‘“4”“” - )b am grateful to tb K0rem ScisrS and Btglrmdng eandstlm and to ths Hlnistry 
of Bdrrt m for eqp3rt of this wrk. 
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