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Abatraot - lIloD0 oaloulati&s 0r potential energ aurfaoes 
for the IntoMotion between poroq-iormlo aold and ethylene or 
substituted ethylennrs do not support the elwtrophilio 
moh~~I= protiM in the interpretation of thie m&ion. 
While the oaloulatod intelaotion betwon neutral aoleoulea or 
olefln and porogfqrmla aoid ie re ulaiye over the entire 
w of studied motion ooordina i ea ,drotonated peroxy- 
fordo aold irr Mated ontable of ad tion to olefin. but 
with en sotinatti energy oi 39 koal/mol. PeroxySomti 
anlona, aooord3ng to the MEDO aaluulatlone, mhould add 
readilr to olefia8. Bleotron withdmwimx mabatittaenta in the 
lattar-have the eiieot that adduots are-foraed ulthout 
aotivation energy, uhlle ethylene or oleiine tith donor 
oubatituenta are dieted to mot in a two-step meoheniam, 
the rirat etep be E the fomtion of mete&able interntedia- 
tea with aotiyation enerrdee of 16 - 20 koalhol. !l%e rate 

atop of the hotion ie the l poxide ring olomre. 
08 prodieted ior We ete inoreaee 

dth the eleotron mlb8 ituexItrr in P 
of Bspmett-like 

relationnhlpe. The nuoleophilio me0 suggeeted by the 
present oaloulatione doea not oonfliot with obaeryed etereo- 
epeoirioity of We reaotion. Olefin aubetituente oauae 
Hammond eifeots on the predioted tranf#ltion struaturea, whioh 
are partioularly on those geometriaal pameter 
ha 

9 
the donin 

trans tlon veotore. 
oontrlbutlons in the oorreepondlng 

prediotione are in line rrith 
quslitative motion 8urfaoe modele, but In aontrast with VB 
ooneiderations. 

Olefin epoxidatioa by peroxyaolds, or the Prilenhaev reaotion, ie an important 
reaotlon for etruotural etudiee and tranafomtfone due to the extreme simpli- 

oity of experimental oonditloxm and high etereoepeclfioity’. Thie reaotion ie 

aleo regioapeoiiio In the majority of oaaea in tews of availability of optiona 

to orldi5e the neoeaaary double bonds in the preeenoe of auoh with yariou.~ 
reaotlvity’ . Some exoeptione to the latter are known2 and theee etlnulated the 
intereat to the present work. A variety of meohanlglpe (not leee than five) has 

been mggeeted for thle reaotion’ and most of these amume eleotrophillo add& 

tion of the oxidant to the olefinio bond. An alternative oonaldere l,>dipoler 
oyoloaddition3 . Hammett type relatlonahipa for l poxibtion of styrenee by per- 
oxybencoio aoida have been oonsldered ae supporting an eleotmphllio meohanirrm4. 
me mm-d eeoondary deuteriua kinetio iaOtOpe OffeotB haye alao be- inte+ 
preted in farour of eleotrophillo mmhani8m5~ Moreover, kinetC.3 e*aea 4.5 
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hsve provided the baokgmund for the statement that the reaotion involves an 

unsymmetrioal txwnsltion struoture 88 shown on the following Sohemer 

p=c 
/R 

\ w” .o 
10”’ 

H,C____C’I 
)(,/ - ;i;H 

A suffioiently reliable ohoiae among the eeveral edating alternative 

meohani6m6 suggested for the interaation between olefins and peroxyacids oould 

be taken on the basis of quantum chemical oa3onlations. The currly experienoe in 
thie reftpeot, based on pi-eleotrcn oaloulations, has been redher diaoourag&. 
More reoent ab initio minilanl basie oaloulations'l have apparently substantiated 

the preferenoe to unsymmetrioal frsneition estates" and eleotrophilio meohanism, 

in line with the oonolu6iona baaed on kinetioal stud.ie64*5, However, the term 

"transition state" has been used in this study "rather loo6eI,y~8 and the stnao- 

turee obtained oorrespond aotually to minima within the imposed geometry oon- 

straints, A more oorreot oonolu6ion based on the mentioned oaXoulatlon6 should 

probably state that the ameymmetriaal agprcaoh of peroxiaoid to olefin is 

energetically favoured'. Unoertainties about the lnteraotion of perosyaolds and 

olefins arise also from the oaloulatione of (isolated) peroxyaoid moieoules, 

uhioh result in negative gross charge6 on all oxygen rtomqO. Ehese re6ults 6r6 

the souroe for the Buggeafion that tbfs reaotion is more likely orbitaX r&her 
than oharge oontrolled". Thus, a detailed study of the potential snrfaoe for 

the interaotion of perorgaaids and olefins slight be expeoted to give further 

insight into the meohanism of this reaotlon prodded that the stationary points 

found are rigorously oharaoterised as minima, transition struotnres, or hi&er 

order saddle points". 

Yodels and Methods of Calculation 

The simprest model for the studied PrJ.leshaev reaotlon is the interaotion 

or percxyformio acrid and ethylene. The effeote of substituente on the xwaotion 

profile6 and traneition etruotures ax?% modelled for simplioify with substituted 
ethylenes. The smallest possible modal among these oonslsts of 6 non-hydrogen 

atoms, and the use of an adequate nonempirioal level of oalou2ations (e.g. 3- 

210) for the detailed study of the potential energy snrfaoe would be rather 

unrealistio. For this reason semiempirioal NBDC oalcuXations'* were used to 

scan the reaotion paths. WIXI has proved suffioiently reliable in the studies 

of ohemioal reactivity'3P14 due to the relatively oorreot prediotlons of enerff 

featurea and, in particular, to prediotiona of transition struotures la good 

agreement with ab initio oalovLiation614. HKDG, ho~ewer, perform6 relatively 

poorly for moleot&les with adjaoent eleotron pafret and a reinvestigation OS 
the predioted transition struotures by 3-210 oaloulation616 ia nom under way. 

The oaloulations were oarried out by the standard MliDO"and Y[OPAC18 

programs, as well as with MO~ST~~USS" and EOHDC-5x). All geometriee were 

optlmised tithout oonstraints and,,tranoltion struotures were identified by 
oaloulatior& of the oorresponding foxoe oonstant mtriOe6 under the reqeement 

for a single negative eigenvalue 
11 

, or a single iBlrrg.lnary vibrational irequenoy. 

Preliminary searohes for these struotures were oarried out by follow%n& the 
ncM,mum energy reaotlon paths, HBRP. The resotion ooordinates used in the 

latter were the dirtanoe C . ..O and the valenoe angle O-C-C, The geometry 
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optimiratlona 8longMSLP'e were perfomad by the gradient method of Davidon, 

Bletoher8ndPowellP1 and the preoiee looatlon of the traneltlon struoturem by 

dlreot&nlmi58tionof the energy gradientrdthreapeotto all geometrical 
parameterm22*1' of the reaotion syetems etudied. 

RESULTS AID DISCUSSIOI 

If two neutral noleoules of perolrgformio acid and ethylene are brou@ 

together, and the dietanoe R,, between the tennin8l oxygen and a o8rbon atom le 

wed 863 the reaction ooordiuate, the resulting HERF la 8 rapidly rlr* ourve 

for value8 of Roe in the range 2.5 to 1.3 A. Ae the energy gcadient along the 

reaction ooordinate 18 lnoreasing in absolute value in the aame dlreotion, no 
etationary point oan be expeoted on the energy profile. Thue, present UNDO 

ocrloulationa do not oonflrm the earlier miggeetlon of 8x1 eleotmphl:i; attaok 
of olefin by neutral peroxy8oid moleoule'baeed on kinetloal etudies s . No 

support le given dlso to the 68me oonoluslon, baaed on mixLml baeie ab initio 

o8loul8tlone of "transition state atruotureon 7 . 
The HERP of protolvrted peroxyforplio aold and ethylene is a different 

owe. At 1.784 A it ha8 8 mrbmm, TS+, 39.1 koal/mol (Table 1) higher than 
etartlng reaotantm, and at mler values of the re8otlon ooordinate R,, the 

energy of the system drops rapidly. At the lBazirmrm of energy the ualoulated O-O 
dletanoe le 1.435 A, While Ml00 give8 for HCOOOH 1.289 A, and for the pmtonated 
at the oarbonyl oxygen HCOOOH2+ 1.302 A. As Boo deorwssres, the 04 bond diarooi- 

atee, while the newly fonnod valenoe angle OCC deoremer from 100° to 60' - 55'. 
the value In the reaotion produot, orlr8ne. MNDO oalotiatione indio8te that 

eleotrophlllc epoxldatlon of olefin by protonated peroxyaoid 18 rather feasible 

and should prooeed vi.8 the uuiynmietrioal trtinsltion etructure TS+, eLm%lar to 

that poetulated revloualy by RansMk and Shearer5 and studied core recently by 

Plesnioar etal. s 

set prediotions7; 

Ite geometry, however, differa considerably from minia~l bafde 
note that the latter oonoern, most probably, looal m. The 

reaotlon ooordinate le relatively oompletely repreeented by R,, at dietanoee 

larger than the value, oorreeponding to TS+. For the latter etruoture the 
dominating oomponentr of the transItion veotor are Boo, whioh aorreeponds to the 

bond being formed, Boo, uhloh oorreuponde to the dleeooiation of O-O, and the 

angle 0, whloh oorreupondr to the forthooming ring oloeure. 
Another feaeible resotlon path la the nuoleophilio addition of peroxy- 

formate anion to the olefinio double bond. In thie o86ie the oaloulated HERP 

lnareaeee emoothly for wluee of R,, from 2.5 to 1.863 A. At the latter dlstanoe 
a transition etruoture oooura, TSl, Fig. 1, whose parameters are eimilar to 
those found in the oaee of nuoleophlllo addition of hydride to ethylene23. !l%e 
oaloulated UNIXI eotivation enthalpy ia 22 koal/mol. A relatively ehallor minimum 
ocoure at smaller values of the reaotion ooordinete. The struoture, predioted by 

MND0 for thle intermediate, oorreeponde to 8 %oxwtln produot of nueleophillo 

sddition, but ulth emaller negbtlve abarge at the free oarbon atom than would 
have been expeoted for 8 OcccbaniOn , see 'Pablo 3. To follow the reaotlon further, 
a ohange of the reaotlon ooordinate ie required, and the valenoe angle CC0 

provides 8 relatively good deaoription of the orlaane ring oloaure. Starting 
from 110' for the IntermedIate nil&mum, a new tr+!UiaitiOn etruoture u8m found at 
QCO - EH.ro, TS2, Big. 2. The oaloulated aotlwtlon enth8lpy la 13.1 koal/mol 
from the intermediate, or 27.7 koal/nol from the lnitlal reaotante.While 
relatlvW mmall ahanger in Ego, 1.497 to 1.401 A, and Boo, 1.298 to 1.495 A, 

are oaloulated between the Intermediate and TS2, after the latter Boo drops to 
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o-s. 1.3 A, a value emrrller than oaloulated ior oxinsne, 1.417 A (lame), and 
ronrrte anion Is cleaved. !l!he oaloulated activation enthalpy ie ooneidarably 

mmller thau found ror the eleotrophilio mechanlm dieoumed above. 

j 1.863 

Fig. 1: !l!wo projeotions of !f!Sl, the transition struoture ror the 
nuoleophllio addition of peroxyfonmte anion to ethylene 

Similar oonelderationa were applied to the interaotion of aoroleln and 

peroxyfomlo aoid in its neutral, anionio, and prctonated rorme. Theee were 
intended to model the epoxldation of the oonjugated double bond of arfemieia 

ketone2. Neutral moleoulee of aorolein and peroxyrowio acid give with napeot 

to Roe a MERP af.mIlar to the oaee with ethylene, with no indication ror the 
edstenoe of etationary points. 5e MERP for the electrophilio i&emotion of 

protonated on the oarbonyl oxygen peroxyformio aoid and aorolein, however, give8 
8 mex&num at Room 1.W A, TS+. ‘Phi8 result is alao rrlmilar to the oaee with 
ethylene exoept that the oaloulated aotivafion euthalpy le ooneiderably hi&er, 

47.1 koal/mol (Table 1). The nuoleophilic interaotion of peroxyrormate anion and 

aorolein givea exotherrmically an adduot without aotivatlon energy. 5ie adduot, 
along a MERP derined by the augular reaotlon ooordinate &CC, gives the flu81 
epoxtde. The marlmum of thie HERP, a !PS2, oooure at &XII3 II 77.5’. and the oal- 
oulated aotlvation enthalpy le 30.6 koal/mol frcm the stable adduot, or only 8 
kcal/mol from the etarting reaotente. 5ue, the present IHoD oaloulatlona repro- 

duoe oorreotly the leeaer affinity of olerine with aooeptor arbetltuents to 

eleotrophllio epoxidatlon and, elaultaneouely, their greater arrinity to nuoleo- 

philio epoxidation. The caloulated very high aotivatlon enthalpy ror epoxldation 
by protollated peroxymoid ie in line with the abmnoe of aold oatalysle of the 

studied reaotlon’ $4. !Phe predioted preferenoe of olefin eporidatlon to nucleo- 

philic meohanlm, however, seem intuitively questionable, and a number of 

objeotlons may be raieed. 
Negative elopes of Hammett-type extrathemcdyuemio relationehipe, in 

general, do not support a nuoleophilio meohanlfm. 5e preeent YHDO oaloulation, 

however, prediote nuoleophilio addition ae the first, rapid reaction step. The 
eeoond step ie evidently eleotrcphilio with reapeot to the oleilu and the cal- 
culated aotivation enthalpiee are larger, i. e. the rate deterslining etep lr 
aotually predloted to be affeoted by olefin subetltuente in the experimentally 
obeerved direotion. Another mabetautial objeotlon 18 that a nuoleophlllo meOh+ 

nlm oould not be etereoepeoifio. In iaot the epoxidation of %p -unsaturated 

aldehydee or ketones by H2C2 in alkaline media ie only stereoseleotive’, ae the 
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Yiohael type addition of HO2- glvw aotually a stable enolate anion. The oyoli- 
rratlon of th6 latter ie relatively hindered and apparently slow enough for an 
Internal rotation to ooaur. Other known eporidatlon reaotiona in bad0 medim are 
also interpreted in term of oompliocrted intennebietea in order to avoid any 
aeaumptlon of nueleophilio addition and to explain otereoupeoifiolty24. HOUWOl-, 

thie objeotion applier to any ionlo meohanimm and, therefore, the Nageetlon of 
Plesnloar’ that the etere+ompeolfioity rmy be due to the relatively low aativa- 
tlon energy, 16 - 18 koal/mol4 of the reaotion, whloh oould ooour farter than an 
Interam rotation ie likely more aooeptable. Indeed, the rotation would be 
fmffiolently hindered even by omll residual n-oharaoter of the former double 
bond In the intermediate oarbanlon’b . Premnt oaloulstiona mapport thie uuggee- 

tion #showing stronger C-C bonding than for a single bond, Table 3. 

80 of rpeoies partioipating Table 1: Iww heate of fommtlon and relative ever 
in the model PrELeshaev reaotion, koal/Pro ? . 

Spealee Hf *i oomments 

94 
V4O 
HCOOB 01s 

HCOO' 

HCOOOH oie,oie 

HCOOO- 

C2H5C+ 

V4O 
* P5O+ 
Vq”2+ 

?5’2 
C$6’ 
‘$6’2 
V3Cl 
c2H3c10 

Vii 
‘$6’ 
V5O3- 
V5O3- 
C$5C3_ 
cw3+ 
cP4c103: 
Ca4clf3 

c4H504_ 

c4H504_ 

O4&P4_ 
c4=704_ 
c4v4 
VV3- 

15.3 
-15.5 
-92.6 

-101.7 
-65.8 
-66.9 
173.6 
-18.1 

153.4 
-30.6 
154.5 
-27.5 
-56.3 

5.3 
-23.2 

499 
-23.0 
-30.0 
-36.9 
-23.6 
171.1 
-64.7 
-44.5 

-107.9 
-78.2 
-78.4 
49.5 
-78.4 
-38.0 

21.6 
14.7 
28.0 
39.1 
-3.1 
20.2 

-22.9 
29.7 
16.0 

4*9 
16.0 
24.0 

oxlrane 

protonated orirane 

traneaorole3.ll 

protonated aorolein 

epoxg-Propanal 
protoaeted epoxypropenal 

methoqr-ethylene 

methorg-odraae 

ohloro-ethylene 
ohloro-oxirctne 

P=JP=e 
methyl-odrane 
C2Xi4 + HCOOO-, TSl 
adduot 

94 
+ HOOCO-, TS2 

c2E4 + mOOB2+, Ts+ 

V3Cl + HcoCO-, adduot 
cpp1 + ImOo-, Ts2 
aoroleln + HCCOO-, adduot 
aorol&l +xmoO-, Ts2 

E3COCH-CE2 + HCOOO-, TSl 

We as above, edduot 
me aa abovo, TS2 

propene +HCOOO', TS2 

Another objootion, that no lntqmd.lateo have bean obeerved” oould be 
oountered by the PryMmt that both uperimental and oaloulated (umaally OY~- 

ert%qstedl XUXI. aotivmtion buderr’ to the axothumio olefin epoxldation uw 
muffloiently low and the poeaible interaediatee my roll have been overlooked, 
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sinoe the reaotlon hae been awed mostly for preperative purpoaen. It was felt, 
however, that additional ,o8loulations would be neoetwary to subbrtantiate the 

oountemqumente to the above objeofione. For thle purpoeo the nuoleophllio 
aftaok of peroqrforoate anlon ~8s modelled on an olefin, mubetituted by an 
aooeptor, Cl, and on an olefin, oub8tituted by a donor, OCE3. All oaloulatod 
energies are oolleoted in Table 1, and eeleoted rtruotural parametera or the 
predioted transition utruoturerr are listed in Table 2. 

!Che oaloulated aotiration enthalpler for eporidation by peroxyromte 

anion in the eerier of aubetituted ethylenerr inoreare in line rrith inom8ing 
eleotron-wIthdrawing oapnoity of the rmb&ituentr, 11.1 koal/mol (UH30). 13.3 
(a), 25.3 (011, and 29.7 (CEM) for the rate determIning step, ‘fable 1. !Fhis 
result la in line also with the observed -oft- type relatlonabipu between the 

rate oonstants and aubstituent oonetante4. Present MEDO oaloulatione predlot 

that stronger eleotron aooeptorr faoilitata the erothemdo formation of i&e+’ 
mediate adduots without eotivatlon enerw. In uuoh oaaea the studied reaotion is 

predioted to prooeed via au one-step meohenlam and to be sensitive to bado 

oatalytie, aoh aleo agree8 with the observed reaotivltg of thin kind of uub- 
st~tet3. !Che HSDO oaloulatione ror epoxidatlon of ethylene or q ethoxyethylene 
prediot a relatively low aotivation barrier to the rapid formation of inter- 

mediate& The oonvereion of the latter into the corresponding oximnos requirer 
higher aotivation enthalpy and should be thus the rste detarmining step of the 

reaotion. The overall aotivation energies are aoneiderably lower than onloulated 

for olefina tith aooeptor uubetituents. These re8ult8 render rrupport to the 
auggeetion that the rapid oxirane’ring olosuv 1s the reason f&m the etereo- 
epeoifloity, an well ae to the assumption of two dirrtlnot steps of the rtudied 

reaotion. 
The relatively high exothetiolty of the l poxldation reaotion is an 

argument in ravour of the suggeatlon that, in epito of the lnei&fioant a- 
effeot of ricOOO-, eetimated by 3-210 oaloulationee5 (0.4 koal/mol relative to 

CEp’ or EOOO-, i.e. ECOOO’ le only oa. 2 fimeu better as nuoleophile, Table 41, 
olefins are oapable of trapping the peroxyfonmte anion in non-polar mlventa. 

Fig. 2: !Fwo projeotione of PS2, the trtmeition etruoture for the 
ring oloeure. 

The predioted etruotuml parameters for TBl and TS2 lnvolting BOTtrZ%%l 

Olefln eabrtituentm provide an ‘opportunltynfo oheok the =lldlty of an %mportant 

qualitative oonoopt, the Bsaaond poetulateLP. La the oa%iulated MUD0 them- 
ohwloal effeoti for the formation of the infexwmdiate adduot euw poeitlve, the 
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Hamond portulste rew6 for donor subetituents (CH30) and umubstituted 

ethylene transition struoturee more Biarllar to that of the intermediate. 

Aatually, TSl rtruaturer are prediated only for the tm mentioned aarma~ Sinae 

the formation of intermediate adduate of HCOOO- to ohloroethylene and aarolein 

Is prediated ex.othermLa, the Hammond postulate would require reaatant-like 
traneition etruoturee. It is quite conoeivable that there struaturee might be 
80 reaatant-like that the largest used value of the reaction ooordinate Rae, 

2.5 A, 16 too small for their proper deeaription. In addition, the validity of 

the MRDO model far euoh supermoleoular distances is rather questionable. 

Table 2: Calauleted themoahemioal effeote (MNDO) of the nualeo hilia Prilenhaev 
reaction, and eeleoted etruotural parameters of predic ! ed stationary 
points on the energy mxrfeae, kaal/mol, angstrome, and degrees. 

A: Nucleophilio addition of HCOOO’ to olefina, TSl 

Substituent AAHf R co 

-22.9 ? 

-Cl -3.1 ? 

-OCH3 4.9 1.915 
-H 14-7 1.863 

a Struotural parameter8 of intermediate adduote 

Subetituent R,lol Ra2ol Rolo2 "lc201 Rala2 

-4x0 1.4546 2.3822 1.2979 113.95 I .4695 

-Cl I.4821 2.5063 1.2859 118.63 1.4321 

-Om3 1.4795 2.3887 1.2981 109.51 1.4453 
-Ii 1.4982 2.3874 1.2980 116.67 1.4223 

Q Cyalimtion of intermediatea to oxlranee, !PS2 

Subetltuent AAHf 'al01 R 0102 Ro201 ~clo201 PAHI. total 

-24.7 1.3892 1.5564 1.7972 77.5 -47.3 
1.3951 1.5141 1.8821 82.3 -62.7 

-60.5 1.4014 1.5020 1.8419 80.3 -63.6 

-O=3 -69.8 1.3974 1.5042 1.8882 82.5 -64.4 
-H -80.3 1.4024 1.4882 1.9177 84.5 -65.6 

The transition etruotures lS2 for the eeaond step of the nucleophilic 
epoxldation eme of greater intereet in this reepeat. Ae the oalaulated MNIXJ 
thermoahemlaal effeots for thla step are negative, the Haamond poetulate 
requlree thst all !l!S2 are reaatant, Le. Intermediate-like. !Che lese ezothennio 
the prediotod.oyallmntion to oxirane, the more similar ie the partloular 9!S2 to 
the final prodwt. H8mond effeats are unnifeeted in all etnaotuml panmeterr 
aontrlbuting ai@flaantly to the oormepondlng fremaition veotore, namely, the 
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bond W Ro20,r the bond bretMng Ro,o2, and the ring oloaure angle CO, BOO 
Table 2.0. closer aamination of the latter show8 that in the 0~60 of ohlorine 
ae eubrtituent 8ome dieobeyanoe to the Hammond rule might indiaate more mxbtle 
effeotm on the trannltion etruoture. 

Table 3: zfazrgee and bond order6 at fmme etationary poine of the reaotion 

A& Intermekate adduotet ohargee and ordera of the bonde to be formed and 
broken. 

Subetituent 0, c2 c2Cl OlC2 c1c2 

4x0 0.2876 -0.5957 -0.1906 -0.1915 0.0397 0.9498 1.0399 
-cl 0.3188 -0.6220 -0.2655 -0.1526 0.0775 0.9653 1.1381 
-cm3 0.3069 -0.5806 -0.24~e -0.186S 0.0928 0.9321 I.1273 
-H 0.3156 -0.6840 -0.2697 -0.1860 0.1188 0.9243 1.2288 

% Transition struoture TS2: ohargee and orders of the bonds being 
formed and broken. 

Subetituent C, c2 02 c201 0102 

-CHO 0.2051 -0.4417 -0.0629 -0.4341 0.4442 0.4543 
-CH3 0.2330 -0.5092 -0.1037 -0.4054 0.4346 0.4955 
-cl 0.2182 -0.3631 -0.0909 -0.4016 0.4388 0.5105 
-OcH3 0.2287 -0.3643 -0.1215 -0.3975 0.4211 0.5059 
-H 0.2301 -0.4922 -0.1338 -0.3872 0.4268 0.5240 

The oaloulafed electronlo indioee for the transition etruoturee TS2 show 
eimilar “mnd trende”. It ie of Intereat to oompare the resent liQD0 reeulte 
with the prediotione of qualitative reaotlon surfaoe modele $7 . If the oyolist+ 

tion of the intermediate adduote to oxlranee is regarded ae a s2 eubetitution 

over the terminal oxygen atom of (the former) peroxgformate, theee models 
predlot that the better the nuoleophile, the more advanoed would be the bond 

breaking with the leaving group, and little effeot on the bond making between 
the nuoleopblle and the reaotion oenter. Present MNDC oaloulatlone oonfirm the 
first part of this prediotion, but ahor aleo oomparable Hanrmond effea,te on the 
bond makjng. In oontraet, valenoe bond coneideratione2* prediot anti-Htumuond 

effeote of ohangee in the nuoleophile for this type of reactiona. 
The oaloulated HEJIXI thermoohemioal effeote of the overall reaotion of 

ethylene with protonsted HC03H2+ and neutral peroxyformio sold HC03H, and 
peroxyformate anion HCOOO- are -51, -57.6, and -65.6 koal/mol, reepeotivelg, 
Table I. 3-21G oaloulationa, however, give for HCO$ and C2H4 an effeot of 
-33.3 koal/mol, and for HCCOO- and C2H4 an effeot of-31.3 koal/mol, Table 4. 

In addition, 3-21G energiee of TSl and TS2, at the UNDO geometrlee, are 50.3 
and 60.2 koal/mol higher than the etartlng reaafante. These remalte indioate 

that the etationary point6 on the 3-210 energy eurfaoe may oorreepond to etruo- 
turee eignifioantly different from MNDC ones. It it! thus evident that MNDO 

oalofiatione do not say the final word of the theory about the meohaniirm of the 
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PrUeahae3r reaotion. 

Table 4: Ab inltio 3-21Q energiee, wed in the thennoohsmioal evalmti& (In 
atomio units; 1 a.~. = 627.5 koe+l/mol) and afflnitiu of moleophller 
to proton (PA) and methyl oation (CA, in koal/mol). 

E, total PA, oalo PA, .m CA, oalo CA. m 

CHp- 

Hcoo- 
HOOOO- 

CH30H 
HCCOH 
HCOOOH 

m3m3 
HCOOCH3 

HOCOOCR3 

rn3+ 

a94 
HCoOO+ 

%H" 
HO Ha od 
Tsl** 

TS2** 

-113.72190 424.3 379.2 302.6 267.6 

-187.10463 373.7 345.2 251.3 233.1 

-261.45447 371.7 249.0 
-114.39802* 
-187.70019* 
-262.04681* 

-153.21321* 
-226.51427* 

-300.86041 

-39.oO913 
-77.60099* 
-262.04668+ 

-152.00070* 
-187.688688 

-338.97545 
-338.95955 

tram- leomers 

at the IWDO geometry 

Aoknowladmmnts: It ia my pleamare to thank Dre. I. Pojarlleff and B. Tmaukova, 
Prof. N. S. Zefirov, and, last, but not least, Prof. P. vm B. Sohleyer, for the 
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