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OF SIGMATROPIC SHIFT REACTIONS 

IN ACYCLIC SYSTEMS’ 

As+tmpicAiftdmsp%ybSmdgwgtikeCH, 
anocamuitheitkn?teotion(atkft)oriawnion(rt 
Ii@) of txian@mh of the tcmgoml atom. 
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lkaUd-4.18100xIdJ/md. Ialartomr * 
UC given io A (I A - lo-“m). ae& in ckigfdE= 
dnlaagk~arcrqwtaI~t&nawioaA-B-C-Dfor 
thc&k&alan&ofatomArotatcdczbchhcuouod 
tbevcctcwB+Coatoftbe~(B,C,D):tbaa&i~tsro 
wbeaAMdDWCat~ridco(BC.DifWCaCCCb##C 
&usitkaarccarecudfortbanuherofdsctroariutLt 
vrkaceStUCo(t&frscatOOl(apitiW~llarbahlhtGS 
rposihdyc~rtom). 

Grvurd stclles of the 4udry sysrenu. For the MMDO/3 
akhtmmloathegrotmdlhtadlhc.walkmulab 
&tutaiwithagroupX-H,MeorFmlwetakeatbe 
phmran-ciswdoramtiwoftbtarbonctiwhicb 
caabcassunEdtoformtbcinithlamf~tialforthe 
riOntropicrMhn.TheC-xbocKlwaBYimatcdpa- 
pdiC&h~thCphbcOftbCarboa~~~void 

repap++mbe*lnmiarlvPylIrwp.Tbir 

OmmbonatmtumahuebthrsestbeJyaMd 

gu#ckrlatiOditaaar. ForsywauwitbX=Handfor 
l-butcoctbcJgcoaforehxthwaBusumaltobctbe 
sartiQgpoiotfoftbcrcwioqlx!auudthe&mini&d 
rep&ion between the termhA atoms. It &au&l *be 
atm8aithtt&bwatcaagyrlldrrruwafamuKlo 
wasootsekctcdtoEpcscattbepnmdrhteoftJE 
alkawinthcscrcacthLM puwtuawithrrrpectto 
tbcartnmlkcktoabaveba?nophiz&exceptfot4 
~inbcqtuke(takalfrompeatdieae]and5 
panmctas in tbe sublthual bcptathcs (taken from 
tbc parent hcptatrilBc). 

TtlcC~clhwsinthccubonclminlwcvahof 
about I.3soA for tbubk bonds, 1.33oA for termind 
vinyi bonb abd 1.460 A for c(s#K(~~ w tmct,. 
Tbe valuts for tbc C(sp%CHzX bobd kagth, arc 1.4110. 
I.463 and I.300 A for X-H, F and Me, rapcctively, whik 
the~-xbond~ut~.s~7Aforx~e~~.~A 

forX=F.Avahuof lll.3’kffouadfortheF-CCa&. 
Forthcvinylmcthykw&folptbcHA2ca&kwu 
ahmysfoundtobcvaydoutolw,thco&crsp’ 
bVdrogmrtMIlUC~(ItUtbe~~- 
tor.MtkacdBtaucin 
rutlh.sintbtb.’ 

god agrmmn wtb MlNDO/3 

Asexpectal.thcoelynombkdcviahafrom~ 
dwai.sscenmt&cubanskehm~urdircct 
coalequnce of tbc assumed phnu xn-ch confoc- 
mxhaa. The&of 131.4 in 
t!e report4 vNDOI3 .vah~’ i;““” Q’qOCtt krcascs 
I-butMeopocr~oftbcJgMcpup.Tbc 
way angle in the pcntuliaE system? cqmls 135s 
UbdiUthCk.pUkIEllbDkdUIhC~Varpnhw~ 

l37.cr for the two outer xngks and l42.Y for tbc tJuce 
innaangks.Tbehcgtatrhcaqksarctoolarpe3a 
ruultdtbe@omctryassuaptioac.Itbfoundtitllc 
all&illIJ-hCuditneWithtbCMCgKU!pinthC~)R 
amf~~abautYhrprthallintbcper- 
pca&Arunnpmeat,~torriscincaagyof 
7.1 kcal/mol. sinhly. the beat of fonlmthl of ryr-l- 
buteacbS.6kaUmollargcrthmntbcrqortalMINDO/3 
v&cfat&oI#-iwmcr.” 

Tbacfcatwcsxrccauscdbytkincrcasalnonbon&i 
rqhioas in tbc phnr all-h cm&k However, the 
&aucpwkucrmrll~tothcrtintionener- 
gksfouBdforthc@uropicrwtioas,aswinbcsa%l 
bdow.onccOuldargwthatIk’carbonskcktonan&s 
inbqturhtamldkraluxdbyahkgdeviuh 
fmmp&uitymtbcubaachrin.mwouldcatrinly 
malltillbwcrblataaffomuioa;howwa,tiextco8joa 
oftbcmoddbmwtbccaoooridasd. 

TmnJbion rrurt ga?awrti Tbc most inportmt 
MINDO/3gCOlIlCtIypnmctaJf~tktnnritioaStatCS 
arcgivcainTableal-3,toguhcrwitbtJwoumbcri4 
systundtheatoats.D,isadunmyatomontbcbiscctor 
of tbe H&,-H; aegk. Ciamwry opthizath was 
wlpkc(inchKlingtbcMegroups]withintbcC.orC~ 
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2.525 2.611 

I.415 1.451 

I.402 I.391 
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5’ 
I x4 

2.w 2.996 

I.437 l.bu 

I.399 I.398 

121.5 124.5 

110.6 126.6 

9.2 0 

I.701 I.628 

92.7 125.7 

132.2 IS.9 

133.7 IW 

120.4 I80 

a34 
8 I 

2.716 2.843 

I.456 1.459 

I.393 I.399 

122.9 123.4 

123.8 122.8 

8.0 lb.9 

I.605 1.639 

115.6 120.3 

139.6 128.3 

162.8 146.1 

180 190 

2 

8 A 

2.758 2.a 

1.415 IAQ 

I.400 1.40) 

121.5 123.2 

127.0 119.0 

b.5 27.2 

I.452 1.459 

145.1 164.6 

158.0 151.3 

Ib5.7 123.8 

I7i.9 180 

cIs2 

c2=s 

s”r 

cl”23 

=23-% 

=5-%-c, 

cl’c2’c3~4 

c2=,-c4=5 

==I 

Cl’x-c 
7 

Dl=l*2 

Dl-cl=2=~ 

1-c * -c 
7 I 2 

8 

8. A 

I.432 1.409 

I.fu I.397 

I.409 I.403 

IS.1 1m.4 

136.2 132.7 

IX.9 132.1 

0 13.5 

0 Il.8 

I.250 I.Y9 

I84.b 158.3 

145.3 145.3 

I80 10.5 

0 180 
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a,*’ 

1 I 

1.459 I.451 

1.m 1.w 

I.406 1.w 

132.0 132.1 

137.4 i27.a 

122.6 137.2 

II.2 15.6 

1I.b 13.4 

I.611 I.649 

110.8 124.6 

128.1 123.6 

125.0 127.4 

116.9 122.2 

=,,A 
b 

1 I 

IA% I.u( 

1.391 l.37¶ 

I.404 l.40! 

130.8 134.5 

IX.4 139.4 

128.7 137.2 

IS.9 0 

14.0 0 

I.682 I.618 

110.9 151.9 

126.9 129.5 

92.4 IY) 

180 I80 

I 

8 A 

1.400 I.4M 

1.3s I.J9? 

I.399 I.405 

134.2 130.9 

134.1 135.3 

131.9 131.4 

31.0 1S.b 

1b.b IS.8 

I.451 I.450 

144.b lb3.1 

149.7 152.7 

119.8 119.8 

90.5 190 



syaun&y.InthcTabksandtcxt,SaadA&aa& 
SUpd&ldlntd&i8l&ift&RdIid&tC 
retention and illvarion of codgtdq rapcctivdy. 

AM@omEtrysarcb0ftbepo&dl~suTfacc 
of pentadieae without any rc&donska&torst& 
tiocnrypoin1forthcby&ugcoAshift.Asimihrsiamtioa 
bfoundforthcMeSI&iftinpcnta&ncaadthc 
hy&ogenSshiftinhqt&meTttc~hve 
beenincludaIintheTaMesfor~n.~in+ 
portantalnmquarceswillbe&iaamalbtbw.weltxvc 
&oakuhtaithcC~aymrmttriclJttatcsformustrys- 
tems,thcdntaareodtalfromtbeTabks. 

FortbctrdtionstatcsoftheHandMcshiftsin 
pentad&cadbcpwiaK.itisfouadth8tthcc-C 
distaesaIllmvevducstypic8lfor UmtUr8tal systems. 
-ltec,c~disUIbceis8omcwlmthrgl!rboclJUcoftlu 
venityofthegmupX.TbcCrC,andCrC&tanccs 
intbehcptae&systans8redmDstequ8lidcatiq 
cO@ete&Jcdidonoftberdccuo4ls.Tbehl!p- 
t8t&ncdibatdutglt!s8rcallfolmdtoklather5im!ihr, 
cxce@thoecinthcphnuTSfoudforthcMeAIdtift 
(de bfm). Tbc an& D,-C& can vary between 128’ 
(lp’ by%dimtion on C,) sod l&Y (complt(t sp’ bye- 

didon).Fortbcb~shiftsmiu~vahe 
dabout116bfound,whikfocr&ylshifttbcCH, 
grUUpiS8lnloUfdIySpJb?+CdJbCdKddUigk 
D&-C&, gives an idcatmn for tbt extent of w- 
odGhIcaaj?@oabetwccac,andc~,itsvahev&s 
btftwea w for umxid overlap ad l8V for xero 
ovatrpandcompktcsp’hybdidonoaC,.1tbfoud 
tlbufacthcpdctddlowaitr&tionst8tasthcrc 
exintamuchnlorcrd!itBlooajuQtioatlmnforthc 
fortlaeaTs.Forthemabyls~inbepuaieatthis 
ctihahl aqk hu a v&c’ of 126’ for both R and I. 
bCCUSCthCdev&p&odlitdOnC,b&CCtl!dtowrrQ 
theMearbo4latoalabovcthcphnc(c,,cBcI.ct).Tbc 
X-C,&tABCCirwnnewbrt ~tbulrnord~ 
*: I.35 A fa X-H and l.64A for x=Mc. The 
MINDO/CImcthodpdictsthcH.C,&tamzeinpen- 
tatlime to be I.297 d 1.267A for the S and AIS. 
rupc&cly.‘ForMcIshiftstbcMcgrwpbsituual 
mwhcJoscrtotbccarboocbinasco~toR~ 
kdin&~~laq&erovdapOfits~Orbitdwithtbe 

IdtlnadytbCdUhllCCktwstathC 
tczutid atcd is found to be hrpr, result& in 
decrcualmdondcdrq&ioc~.FornuthylR&iftsthc 
pofbitalis&cctaltowudltlu~bdwcenthc 
term&d rtorm. 

Tbcb~AshauiOptoOeae~kcburbaitbd 
bythcsdlC,-C~,ar&doaly9!?.Themethy&m 
groups8rcsitlmtaJinapodioaloutoghear8tber 
hrpovc8tapdtbeptypcllrb&aloac,~tk~ 
hydrogco.Ofcuurscrgcnuinc~~ 
canootbcrrrcbedinrpropcacsystcmforstdc 
rcasons.IotbeTSfoctbchydrogcaSdfttbcHatomir 
SitUUCd&OVCtht3-SWbOOpbacb8~~~~ 

C~aaweR.ht&cupnfacimlTSirprqmahH~~~- 
drae~ateoltuaboberaoc4Umdzab 

p+vewhcnH+ntthcsame$kofthephneasthc 
~~~~ForthcHSshtftH,isdmtaIsli&dy 

: u = -3.6’. It should k notal that the 
inc&ioaofthiapar8merinthe~me0y~ 
ishi@yimpoeU&Ifobauudtobc?.emthccner8y 
&imamfoundlmsrhatoffonm&of25kcaUmol 
abovethcTS,cvcnthoqht!edeviuioninubvcry 
mnll.‘lleC,H,frqmmtiaalmostplanar.TbeH.C, 
d.iltance of 1.714a is notably luger tbul tJe value of 
I.593 A faund from the MINDOKI method. 

FortheMe&iftsinpccgcncnoTSwithrrcasonrbly 
dcqu8tc osoawtry is found. With invti of 
am&udonthcAstatelaQovarplanusta&uy 
pointtothcs minimum. IO the minimU& however. a is 
found to be 47, wltik the G-X-C, an& is only 8p. 
Simihdy.theMeRshiftkulstorminimumruunbliq 
a homocydopropuw system with a C&:rC, an& of 
ady7V.wecodudcthxtnotr8nsitiaastatccank 
foudhcaluctbcrystcmcdxpxcstosolncCrncm- 
bcraipuckerdringsystanwhichpdmblyisfoundasr 
sta&uypuintdybecausewehxveaasudthrccH 
~torl!&obodaluc..T%e#coadcxfouBd8rc 
indudediuTabkIforcomp&oa.Thiacompcicrtion 
wUwtalawedinartiastudicsbawrtofthc 
c&c @JllEtry models thu hrve hen ud.e’o 

Mortt==tUpnmt(n, forthcFshifttnn&ion 
statultxwvalucssimihrtotboKfoundfortbcHand 
Me shifts. Tbc wuagc F-c, distance cqudr 1.455A. 
somdmthrgerthxnthcnordMINDo13badkngth 
of 1.383 A.” 

TbeU@kD~,-C~illthClhmiae8y&CtllSi8DOtdy 
hrprthaninthchy&arbaasystems,tbcrvc.rqe 
value is l53@. Tbc TS for tk H and F sMfts in hcp 
tdenearcalmos.taqlml.InthcpaltdeneSTSt& 
FCrC,Cldibainlangkhasrhrgc*of IV.10 
thcprcqmcryatcmthecquinkntdihadn)~cqrtrb 
l~,notddy~~frotnthcvaluesdWaxsumalby 
Epi0tiP. or 106. found in INDO cakulatioe~~ 
However,inthchcphtr&TSthcvah~~irW.Iothc 
buorivSTSillpbpeaetbearboa&ktOnU&kb 
ntbcrsmdanducquxls3l’.ThcA&iftlaQtor 
shtimuypoint.notrTS. 

Abinidoc&~.Somericmrbopicrrrtioa, 
hvebccnstudialuain#thcSrO-3Gand~3IG~zrio 
mctldL.-Ihe&rolmdstatcofpqatcbxsalsobcen 
c&uhtalbyRdomaul.“TlteC-H&hncufod 
have vatucs of 1.o81.1.085 pad 1.0gg A. vay CIW to the 
vatucof1.08Aasaumcdeua@outthiswork.~or1 
boropopactbtwpq=ncparamen”havebeca 
t&nwithaC-Fdistureof l.MA.Thisr~tureirin 
verYpood agummtwithtbccxpcriment8ldxhfortbc 
ryirwa. Ibepeqd&hr 

Tbc!J’KUCiOsomcayofthch~STSinpro- __ 



VS 

cl-=2 
x-c, 

c,-c2-c, 

c,-x-c, 

x-c,-c,-c2 

D,-C,'C2 

D,'C,'C2'C, 

ob 

~VVl 

s A 

2.549 2.187 

1.421 1.419 

1.7S8 1.193 

12i.b 100.9 

94.S 101.4 

72.8 180 

169.1 147.7' 

90.9 155.0 

-5.0 0 

59.1 IS.2 

S A 

2.122 2.165 

l.S97 1.468 

I.674 1.110 

98.9 OS.0 

78.7 91.6 

145.8 180 

159.5 118.6 

14S.2 180' 

s1.s 0 

SS.6' IS.2 

%lw taken from the MINDO/S geometry 

% 2 out of plan0 bending rag10 

TSS 70.7 -12.6 

'TS A (lOS.0) -51.6 

Heptatriono [1,7] 

cs 42.9 - 5.0 

TS S (101.9) -38.4 

13 A 68.5 -1S.S 
I 

6.6 

(100.9) (112.4) 

19.6 

102.9 (121.5) 

123.8 1lS.S 

40.4 

110.2 129.1 

117.1 129.0 



kopanr [1,S] 90.2 76.1 -19.6 - - - - - 

- 12.6 -26.4 9S.S 104.2 - 95.9 

25.6 -SS.4 -10.3 99.9 76.7 99.7 99.6 

ST+SC 

II P 

s A A&A) 5 A A(A-S) 

159.0 lS4.9 24.2 112.9 129.2 16.3 

I 4-SlC I 120.1 112.4 7.7 I 94.6 159.6 44.0 1 

Propone [I,3 

? 

14.1 - - 

Pentadiene VI - so.9 20.9 - 

Hoptatrisnr [1,7] - 23.0 15.1 -0.1 

Nothyl shifts with rotation and inverrion of configuration 

5 A 

Pentadicne fi.5) - a.3 

Hoptrtrisne [1,7] 1.1 11.9 

b~dUlUh~ddtL[lJ]HdliftIillpOp9OOUC 
outrqmdtooculr~Ittbubeeafouad~ 
w tbc rctiortiaa soaty fa the [I,31 H hift in 2- 
bakwhlldkh&uth63kal/nK&wIlicbiatbe 
dwtio0aowgyfartkob#uVaIc(r~irwaip 
th..*l%CMINW3vrhwd903kCd/dtblU~y . 
ala8mleiaoV~d~z7wmoI.It 
&oit41.0kal/alolh@rt&atben?suItrepwtalfrom 
MINDO/CI&lh&%~Tbe~mabod~tbe 
dh.tioaaErgyfortbebyQopaSlhiftinpeatldiaK 
to be 19.8kahol bwcr tbul tbc MIND013 rcs4lh 
hnn the spxsc rcadts rcpord from MINDOK it ia 
aotclarwbedrtbeATSisrrdtrutdonstrtc(as 
sutcd by the ratbon) or I rtdowy p&t (if the 
pomctry would be phou,. siuce iudlkht gaxMiy 
dnh 8rc w&b&. Tbc MINDO/cI bat of forrmtioa for 
this mhnfdal TS is 45.6kaUmol bwcr ha the 
MINDO/3dXXlWhCQtdy8Drcoi&~ 
of 35.4k.alhol is foand for the bydrooca S dtift in 
palhrttcr’whikVnlucsof31-36wmducrrportbd 
for&iftsinockopea&cocryn&?au.“TbeMINm/3 
n?sultrppnatlyi8&aatI3kc8llaudtooI&Ablv 
rtiVahlcwxgyof26kcdJcdhfoandfortbe 

. . 

t$it% 75kaUad. Alkyi sbifts in pentdew ud 
wbwoaaMrgiufcxmetbyl8Mtaarcdl 

ractloarorttumuchfutub~ 

Yhifuuefaundtokfwoud-l%isiaw.axdwe 
witbtbehigbwtiVathaacr+salarhtedwhicbucof 
theumeoderutbenordccboldlzl&esof 
tu+kcqMJPItdouldknalaltbrttbe~try 
opbmmaoadW8~kdStO8bOdiC@BdtiOIlShtC. 

No indhth at a tiismcUve pmcess has been 
obthod. The bigb heat.3 of foruhon found frwr 
MINDODcOUkIprobMybCdWltotlWnthaSdl 
intartomifdSWU~C,dthCSllifthgororp 
uprahdfromtJli6llK&ai. 

FortbeFdtiftstbeMINDO/3m&odnwwkdy 
F”“Y WSithSUtCStoh8VC~bWtXCnaty 

e ground Shtcs. Ckdy UK 
paan%er set for F in the MINDO/3 pqrun is 
indkient.Iothc8ctetmokcmdecuksusaltoderivetbcsc 
pUWCrS~dk~brVCktniachldC!dWitbthCF 
U14S)dWtUtdinaposith,notin~~.mIn 
lnotbcrstudyitb~~becama~thalttmtFbutbe 
w to be bicuddd in MINDon al- 
cuhwwts. TtliSisinf+grMat~aur~ 
WbicbpdcttbCtW8&ollStUUWitblXW&W!dF 
tobcmorchvawb&thtbe~Statu.Howcva. 
haNDO13ruultSevcau8xcin~ypralictthc 
the”f*“tnaritioastatutobcmucblowcr 
tImntbe”dlold’mo&!s.theAshiftinpropawledinJ 
corstuhuypoint.ThisruuttwiDkdbcouedbdow. 

‘fbepdictaldidoua@csforthcHshiftsin 
prOpcae~botb3hft&nwodawcmucbl@er 
thnnthcMDJDo/3Valua.!hcenoexpahahld8t8 
ucmVdb&(d&rrpm).nanao(nywhicbdtbc 



threel7ubodspivamrerelilbkruulu.Fat&P 
shiftsahovuy~activationaWrgkBbrvebaxlfound 
fm+p?b&ir!o~-It~~k~tbrttbd 

n3sIbc 
~8addI.b 

rgrsemtpt,t&dilY-h 
8Ctintiocl~d~dtbetlmeOrder.TbCob 

hirbml!tbhrboprrdicttheP[1JJdaltooccurin 
tbeaqnfdmo&. 

ForthcHmdMeshiftstheMINDO/3mc!hodhys 
cafdypdctstbellkwedmo&stohvetbebwer 
rctintioaeaerg#ucoapubdtotbcf*modtr. 
Tbaer~tansforwbichrstabarypaintbubeen 
found(tkA[I,SJHAiftianntut;ntk&SI&ift 
inpeota&oedtbeS[1,7jHaMtinbr#a&k)rt 
dpdctaltoaxeapodtorforbi&aractiosTbe 
&dbweaaa,kimumfaundfortheMeARs&iftio 
pea-*comrpoadr torfo&iddamo&.Tbe 
MeaMtsinpropeaearenotco~here,riocethc . 
calahmmkdtos-wbicbanDo(~tr 
gcnuiac T?3 for 8 GpWopic shifLutmsbeulnotal 
before. 

FLVtbDWH~MCthif~whmtwonrl- 
rtataankcoaqWed*weseet!nttheMMDo/3 
UlagyMaaW dWminiQtbeKkctivityinTabk7 
df8niarrwtuk&ynunrw~of&21kcaumol 
Mstatbuypoin~found8rcukutalrc?/d~ 
ieea!?gytbantheTSoftkwWupoa& 
redaits.Experimentdlyalowerlimitd8kcdjmolbu 
beeafaundforthediffcrencebetweentheSdA 
hydropndtiftsinpentdene.nThcoatymomdyin 
Tabk 7 rica tram tbc Me rhat ia begbtr#e. 
Fromtbesdleaefgydknces foudwithrapectto 
tbi&systemnopdiction8canbe~aboutthe . 
rtaeocbeautry A clear expinuation it sot avaihbk. 
Altba&dwr’bsduterrivotioncnrrpiesfdfrom 
MINDOI3arentkh&thendodLquitesuuxdul 
inthepdctbnson steranktivity. This ni#lt be dlK 
tothecaoa?i&ofsimihrerrDrsintheCiomprironof 
tWOSySW!4lUth!hrVeSOllE ~tO4dlOtk 

Inba4htrut&nstatestlmtaretobecoapuedtbe 

H S 

A 

QI,,R S 

A 

cHJ,I S 
A 

P s 

A 

F,2Py s 
A 

Propane Pontadiene Heptatriene 

0.218 -0.006 CO.OS9) 

-0.021 (0.141) 0.000 

-0.008 0.251 

0.280 0.001 

(0.526) 0.079 

0.0s: 0.291 

-0.508 -0.356 -0.2SP 

(-0.578) -0.254 -0.JS3 

1.406 1.571 1.397 

11.5741 1.412 1.689 



ckdy~thetot.al~oaF.Tbtoditdoccu- 
pmcyoft&P2soditdbabout1.#1,w&iktbe~ad 
~orbihbacbamtaiodnnltl.9ek!ctroar.Agprtrdy. 
the & orbital ia tbe sin&y accupkd HOMO w&k41 
demuinatbc~viourofrrbittinpdPorineuocn, 
WhiktbC2&~d~OXbit&tO@bU~bCnpr- 

dodtocoastitIItetbekae~.Tbeovert8poftkr 
bkdtbetlAdCrtollUWit!lthe2&odlitdbUlld 
largertlnnwithtbe~MO,wttkhis&rectedtowards 
thecentrebetweeatbeteddatoats,aodwtbicbis 
~intbex,tpbe.Fromtbepxrtidovedxppopw 
ktbnsgiveaioTabk9itbdsocvi&atthutbeiIuobe 
2git8lt8ltbc~~e~~tbe~ 

WCc0dl&thUt&&iftOf~P~prOc4X& 
sidu to tbxt of 8 Me Qorrp with iluwdon of 

rtarocbenrbtrydrPs&iftisjln.t 

occubdyhrbeen~in . 
L-& ‘- but ody a few experimcats on 

arerepwtod.‘Epbtisauudtbe2p, 
OIbi+tO*tZOtlti~ltuoriaebaepkdiaytOdditioarl 

sddmboaofdwdylsw HedwfisQmadital 
yeof about I.96 in the F 2p. orbital, which 
cka&bZ?. Apguwdy. ltb rtadtx be 

From the UNDO/3 c&ubts it is shown rmub 
b@uslythatanF+mmDpic shiftaprocdwitb 
‘SnveAoll of confiruntioa”. Activabm energka cd 
c&ted fmm MlNDO/3 ad the !?IING aed C3IG ab 
idtbmtrbodrCkutykdtOthiScoadurion,W&iCbiS 

whichkadstothe2p,orbimlbeiplin&alintbc 
s&wropkrcacb.bsaprcit~the~overkp 
withtbetcrmidarboaatoau.TIbcodtuoa.baaJ 
oaekctrdcf~.ankextendbdtoan~atswhae 
rp@itdisiwotvai,i.e.aEataucxceptH.Eotirdy 
ulosswwwtivicw,theatprafd[1s]shiftld 
dtiyPandsilyPgroupsmrepwtedtooccurwitb 
inversioa 

Exper&atdty.itnt&tbeiapouibkto&s&uisb 
between the “reteatba” and “inversian” modes for a F 
shift.ForevuydcumpoadlvtK?crshiftlm&!r 
-r&&a” aldd be ploporsd the -iIlvenbn” 
~sbddalwaysbeamsirkdursl!rbus 
dterlntive. When s4dEcd expuimaltal data on wtiva- 
tbneacr+forFshiftsinrhrpsuksofmokcda 
slddbeavaihb&,it&htbeposaiitoduiver 
&d&aMdCiUl8bOlUUUrCdO~-FrOm 
rpmticdpointofvicwiti8notrauy~wbicb 
meddun&u~forF. 

Itabaddbepoiatiout~intbe~oaMe 
diftstbcmc&m-was@medbychaoa& 
tbeg4!umryoftkMeOroupwithinr~bcal 
synrmetrypoiatpP.-Y~~poqiMt~ 

&cmtxmeaaa,forboul~ 
~&isimpodbkfwF,~~dwawa 
most flvoarabk daztrdc confbmrtloa 
Wbenrshift&C~miss-witbotbaqwp; 
thmH.forimtmceMeorPh,theinvedmambukn 
sbauidbacomemon~withtbe~krllti- 
neuoftbesbift&&nn@.Morawa,thehrprchul@cin 
hybdiza& abo disfavours an inversioa mechmhm. 
FrcmTabk6itcanbeconc~titbe- 
awgies for tbc dbwai Me shifts with retabm (83.3 
and76.7kcd/molinpa1tadaw~dhepbtrienh - 
tiVdy~&OUtl*kCdmdbWCJlbrnIhe~ 

m aaowai shifts with invabn (95.9 ad 
~7kal/Irld RspaXivety) Apparently this eflect 
sboddbecAtributedtocbcunfa~~cbxngein 
b)+tWidb~~tbe~MCarboa~tOlll. 

Fromtbetotdcbupddtiesontheshift&Fatam 
inTabk8aocodusionscanbeduivaiaboutthe 
M!k&ityoftkn%ctiom.ctmrgeCtiaefenccsbetweca 
tkSdA@UUitk states are only snmn. Tk 
MINDODcbrrponFissomewbtmorepositiveinthe 
dbWCdtnatithS.t&S.AtiC~~*tOthC 

vdmintbepnmdsrate(tbeMINDO/3adodpa- 
dictsadtuged-O.347forFiuthe~states).Both 
ab tiio me&o& predict widely diUe~& cbrga for F. 
proJ_dyasarcsuttoftbequ8tityoftbebuisset. 

Wehverlsostu&dtkmtureofthev&usMok- 
cuhu Orbit& in the transition stltc. especially the 

c, UP*) ! c2 (2PzI 
I 

H S 0.0348 0.0414 0.2197 0.2167 

p (2Py) S 0.0248 0.0295 0 0 . 

p (2P,) S -0.000s 0.0020 0.0008 0.003s 

A 0 -0.00J. -0.0017 -0.0082 
I 1 1 I 
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H&at occuoicd MO’s (HOMO’r) wtkb dttaminc the 
rtasocbearirtryoftbenrtioar.rJfoaltbtM.lNDOD 
radbmseet&ttbcdbwaftnasitA rhtcrcanb 
ckarwkdbytbeccbcmDtic~putl!fotiia 
F@ I. 

, 
I)- ,’ 

,’ 
A-_( 

‘\ 
B- 

. 
‘. 

\ 
A - -_ 

-a 

-A 

At kfl in tbc d.&un tbc act of I oftAb of tbc 
akcncrystcmiriBdiwdwith~tprmcby 
withn?spccttothecrIl&l,ymmctTyckmcat.At~t 
tbe&t~adJitdoftbe&iftiuggroupbimticaw. 
whichinmdbwalmo&tmtbcsamcsyntmctryutbe 
(singly occupy) HOMO of tbc w system. Tbc coat- 
b&t&l of tbuc two MO’8 pmcbkxs two new MO’s 
wbkhinallsystamarcfoudtoktbcsccoadhi@at 
oCClt+dMdtbCrecoadbwCStvimrPlMOOftbCd 
~,ystcm,~basbaamtcdbcforcby!3u”mddc 
D&bdWc.mni8sitdLmisfouIbdtoexiuinrlltbc 
dbwalmaduforbotbH.McandFsbiftsinpnwaw 
pcnmdil!ludhephtrim.poriluoriaetbedorbi- 
tdissol!ntokthe2&wtlital,againiIdca&tbe 
“invdon of am@mtion”. For the forbidda modes it 
isootpoa&ktopresentr~orbiblputun.Inr 
phnupsomcaythcia-ghae~oftbediftial 
groupdonotcoolhkwitbtberorbibb,wbiktbe 
IUTUidC8t0UU&~pUtiCip8tCiUtbCW@Z&l&X. 

In the S hyQoQcn shift in pmpac. tbc by- 
o&itdcombiaawitbtbebwestdtylroddd.Thir 
feahwchambcellckxcadrrsubjpceatOrbimlca4- 
bd.nkthCcomrpoadialPdLifttbaOditdd&lOl 

isgivalioF*21tisckutbBttbcfzdkdua0f$1 
witb2p,rcadtsinr~@ittingoftluofbitdaurgy 
kvc& t&an the sp4ittiog from tbc (sI+2paJ corn- 
binrtioa. A larger splittin in (amow otkr frtors) 
causal by a man effective ovcdap ktwca~ tbc two 
CodSllgO&ulr.Tbe&gIUllrpinShoW8tbUtkF 
h wbitd an be awe &ctive ill dctaaog UK 
~hatiuryoftbcractions.MMOdingmeufrom 
tbeablaoa)cuktioararcin~~ndtnct 
witb the MIND013 rcs+ 

ThtMINDO/3mctbodLfodtobewdlsaitaito 
stlKtytbesta#ndbctivityof~raftionr. 
M8kictguscoft&opriodsyomxzrydtbctrrnritioa 
shtesuprcdicta3fromtbeqlditdvctbsocy.tbe 
P.J~F~pg=it& =* can w p” de&f- 

rcu3KHur~utBeTsis 
famd&Itforaoonwoftbefoftl&araction,oatyr 
8euduysta&uypointvvitbChaymuKJuy~. 
l%eMINDO/3ruuttsforpropcecarcuppxtaibytbc 
rudbtrw,obwoclkuhaioar.~~rctintDa 
cw.+sbrvebce0faundfromba&mc&o&MlNLXN3 
rtiv&nacxgiuforHsbiftsare 8omcuktwtbrn 
tbeexpwimcntdvduu.ThcMINDO/3methoddoanot 
givenlkb&rcadtsforFcompou&F&iftauefound 
tOpKlCdVi8MiIlVariobtypc alec~baauacthc 

2&ofbitdhurmuchmofcfwxnbkovertBpwitbtbe 
taminrlotom,oftbcalktaesyltem.Thtrrruhirnot 
inUuudbytbcimpvcmcatdtbebuiractintbcab 
inirioalcPktioatorbyrbuterpnmerrintioapf!be 
MrNDO/3fwbod.Ourcrlctlhtioar~erq~ 
sap@rtfortbepradictkacaftbewoodwud-Hoem8arl 
thl?oly.Thcactivatioacncrgiafort&f*raf- 
tionsarefaundtobc&21kcaumolbigktbultbe 
v&es for the dowal ractbna. Metbyi shifts with 
hVtiOfCOd@dOOrsqoirrM~-d 

l2kcaumoIas~toshifttwitbrctaltiwof 
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