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mPIBICAL CALCULATIOI O? ACTIVA'fIO1 SH'SBOT AIID TPAIBITIOI 

STATE OBO010eTBT J’OB TEL CO?1 R1AB~A~O~T 

Maooimo limonatta aad Oior#io ?'rTiai (1) 

Ia8titute of Phjmioal Chorimtr7, Vnitorrit7 of Ill&a 

Yil~n, It817 

(Received 7u June 1966) 

Con8iderabl8 attration h&r been 6it.n in the 188t f8w 788~8 

t0 the l aOh8ai8m Of the OOp@ P8arr8ngOm8at8. ~pOrimOat8l 

re8Ult8 hrt8 bean 8Xt8a8i+@l7 TbVimOd (l)(Z) , 8ad Chaoretioal 

i~t~~&l~Ot~tiOlI8 h8Ve boon 8Ug&88tOd, ba8.d oU orbit81 8y~.8tri..(~) 

of on 8 H:8;oL.l I.0. porturbbtion tr8atB8Et (4) . tha two th8orZ 

tio81 tr8atrblrt8 8gr8e in Drrdiotily the oh8ir for8 of the tra& 

8itiOll 8t8tO to bo more 8tabl8 th8a the bo8t form for 1,5-h8x8- 

di8Ile8. The re8ult 18 im line with )r@VioUr 8xporim8atr On 

3,4-dir8th;llherr-l,5-di8na (5). 

Both rothod of oalouletion IOU to h8vo boea dorieod for 

qUalitatir0 work, without 8n7 l tto8pt to obtain qU&ntit8tiT@ 

inform8tion on the 6oometr7 of tke trm8ition rt8ta, 8nd 

without inO1U8iOn Of DO88iblO 8tOriO inflU~RlO.8. 

A different 8pprO8Oh i8 k*rO 8U~gartOd, WhiOh i8 8O WtalltiOS 

of the r&hod of oorpotrtion of oonformationrl onergie8 8uo- 

oo88full7 applied b7 Hoadriokron (6) and Wibarg(‘l) t0 070108~ 

(X) PrO8aDt l ddr.88 I In8titUt8 Of Ph78iorl ChOmi8tr7 

UlliTOr8it7 Of Cat8mia - C8talliQ It817 
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kanoo. the rariotion of l nor(7 of l ~olooulo along thr TWO- 

tier path i# oaloulatod am the mum of the folloring toram I 

bond angle bond%- atrrin, toroional strain, l torlo ropuloion, 

r-dolooalioation, oorproooion of 6 bonds in the oonjugatod 

parts of the molooulo, raking ond rupture of l 6 bond. The 

detaila of tho orloulation are now briefly l ururio~d, for 

1,5-hexrdiono, l o an eramplo : 

2 

3 1 

4 c 6 

5 

Oaloulationo mo performad at difforont dmgrooo of l dranoomont 

of tho roootion (a), herla(l dofiaod a l o tha do(roo of brw- 

Icing of the 03-04 bond. Iybrldloetion at oarbon atoms 1 , 3 , 

4 and 6 is l uppoood to ohmgo along the roaotlon path from 
2 

l p to l p3 or t m. 

The variation of the amount of I orbit*1 in the hrbrido ir 

amoured linear in a . 

17brid%oation rt atom 2 and 5 romaine unoh4n#od (op2) # O2 or 

Q. 
l Juetr7 i0 *loo prooorrrd along tho ohair-like or boat-like 

transition mtrto roaotlono, roopootitol~. The goorotrf at oroh 

l ta(o is doflnod b7 tho following paramotoro t d 
192 ’ ‘2,3 ’ ‘2,5 ’ 

d3,4 ' '6,1 
amboa-oarboa lntorrto8io diot*aooo, end the diho- 

drrl nrglao $1 and d3 botroon the oxio of 10081 otomlo tern& 

ry qmmotr7 at Cl and C 
3 

roopootiroly and tho 8rio of tho 

p-orbits1 at O2 , l o flluotrod in IrIO. 1 
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fimmli8~tioa 

indioate a p 

orbital . 9oor 

Tboae parmoterm are not iadmpendent and OSII be l xpramaed l s 

frnotion8 of three of than ( $1 , G3 , dzrS) rming l rpiriorl 

rol~tionmhipo botweon bond-dietmom aad bond-order (8) , bond-of 

drr and offactive or~ltp(~). It im than pommiblo to l ini~iso , 

at l roh a, the enorgy with respoot to -8% , 4, , and d2 5 by 

mohine oomputation and to find the rotit8tion energ and ' a+ 

(the dogroe of mdranoomont at the tranrition rtato). The romulta 

a* Al*(Ko.l/mol.) 
% - 93 d2,z d) 

ohair 0.5 30.5 + 7.5' 2.7 

boat 0.5 33.6 +13.5* 2.5 

(fba 9lue alga moanm inward rotation of the trrnery aria). 

AOtiretion l ner(lr ~aluom are of th6 right order of mrgnitudo 
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(IO* (2)), and in the right ordar, their difforonoe bming about 

55s of aa approrimatr l xporimentsl raluo, 5.7 Koal/mole, (2) for 

tha difforonoo of rotiratioa from energy. The smaumption that 

AS” ie about the aamo for the two l rrmgomentm ham boon jurtl 

find by our remultr of l atropy oaloulation. The method ham boon 

oxtended to oonmidor mom oomplox mol~ooler and umed to evaluate 

the rate l ahaaoamoat of the Cope rowrbaganent obtained rhon oae 

or two phony1 group= are boadod at C3 and C 
4 

or when 8 #trained 

ring ie woldad on tha C3-04 bond . 

The oaloulrtion of the geometry of the trmeition etato allows 

an l valuation of the l otiration and re*otioa l ntropiaa by uming 

l trti#tiosl roohsaiom teohniqoaa (10) . For air-1,2-dirinylo~olo- 

butano the l rperimontal rrlue ia known, AS* - -11.7 l .U. at 

35a*1((11) while our oaloulstioa, along tha boat-like traamitioa 

l tato path, g1r.a aS* - -10 l .U. 8t 423'K . 
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