
THE ORBITAL SEQUENCE IN CYCLIC 1,3-DIKETONES 

Recently the photo&&on (PE) spectra of cyclic @- 
dikCtiXlCSh2VCbCCOdiSCU!3S4?d.~B2SCdOIltilCtity 

ofKoopmans’~(-~,=Iv,)‘andarsumentsfrom 
perturb&on theory: the comparison between cxperi- 
melhlliOlliZ&O~CSandcalcldatCdMO~ 
(Extended HGckef sod CNDO/2’ model) indicates that 
the antisymmetric n-(A) hear am~bhation (see Fu. 1) 
of the 2p orbitah on oxygen is on top of the symmetric 
n+(S) one for the 5-membered ring. For the 6-membered 
hg the ordering seems less straight forward since some 
authors3 favour n+ on top of h while otbcrs’ prefer the 
MWSCdOd~.TbCOlderiagn+OatopOfll-incaSe 

of the cyclohexane-l&&one implies a relatively large 
change in orbital energks in comparing cyclopcntanel~ 
dionc witb cyclobexanc-1.3dione as hkatcd in Fm 1. 

In this paper we demonstrate in two independent ways 
that tbc sequence ia the fonowing five 13_dilretoaes 
(l-5) is n-(A) on top of n+(s) (,,natural order”). For 
tbispmposcthcPEspectraof I-Shavebccncomparcd 
with the PE spectra of tbc comsponding vi&al 
trikctonesClbTbcPEspc&raof6-9havealrcadybeen 
nporkdinaprcviouspnpcr.%cbstbandsofthePE 
spcctnof 13aresbowniuF~2andtbcnlevantdata 
arec&ctedinTable 1. 

&!miem&al colcvlotionr 
TointcrpretethcPEsp&raoftkl,3-dikc~~-6 

weassumctbcvaMityofKoopmans’threm.JAsa 
mcthlldofcalculatingthcorbitaleol!rgbweusctbe 
huNlxN3’” method, which has proven to be quite rcli- 
abkinprcdic&tbcorbitalenergiesaQdtheorbiCal 
scqucmx for a large mmh of l&%kcto~~.‘~ Duriag 
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thecalcuMonstbegeometryofldhasbeenoptimixed 
withrespecttomi&izaGonofthetotalenergy.Thc 
obtaiNd heats of formatioll as well as the orbital ener- 
gies are listed in Table 1. In all 6ve cases as well as for 
cyclopentane- and cyclohexane-l&l& a-(A) is pre- 
dieted above n+(S), i.e. there is no indication of an 
orbitalswitchingoingfromthe5-tothecmembered 
rinssystem. 

EJnpiricill cor&tion 
To check our co~h&ions obtained from the com- 

parison between semiempirical SCF+zalc&ions and 
CxperiaW, we additionally use a correlation proc&re 
ouuinal below, that relates the observed ioni&on 
potentials of diketom!s 13 to those of the corresponding 
series of vicinal triketones 6-10. The PE spectra of 6-Y 
are well understood; the two lowest ionization potentials 
can be uoambigously assigned to the two highest lone 
pair combinations 2bz and aI out of the three possible 
ones in a 1,2J4riketo-system.’ 

To relate the orbital sequence of 1Jdiketones to the 
cormpo~ viciaal t&tones, it is reasormble to 
BSSU~C two elIed6 caused by an additional carbony 
mup, which replaces the CH2 fmnt in going from 

1-s to 6-l& 
(a) au inductive effect L, lowering the energies of both 

n+(s) and n-(A) roughly to the same extent, and 
(b) a conjuative or Yhrough bond” effect L, caused 

by the additional p-type lone pair on the cc&al carbonyl 
group, in- witb the antisymmetric lonqmir/um 
combination n-(A) in the diketo-system only,’ thereby 
geaeratingthehvoA4ypenonbondingorbitals2.bzand 
lb of the resulting triketones. 

Assumiag the ‘Mural” level ordering n-(A) above 
n+(S) for the n-o&U of Vdiketones 13 as suggested 
by the MINDOP calculations descrii earlier. the 1,3- 
dione+vic.trione correlation dii of F& 3 results. 
The basis orbitals in this figure are the n+(S) and n-(A) 
molecular orbitals of a cyclic 1Jdiketonc on one side 
and a pore p-type in-plane atomic orbital on oxygen on 
theother.Thelatterhastobeplacedatloweremrgy 
compared to the n+(S) and n-(A) levels, since the 
destabilixation due to antiinding interactions of the in- 
tervening C-C-u-bonds with the symmetry adapted 
linear corn- of the two oxygen pAO’s of the 
&d&tone unit has already be taken care of. 

The eaergy Mererice between the second ioaixation 
potentials Iv3 of 1-S and their trione counterparts Cl0 
should therefore give us a measure of the inductive 
effect s, of the central co-group: 

&d = I”&ic.bione) - 1”&3di0ne). 

If thii parameter then is also applied to the l$-diketone 
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C0~arxttben+mdhcombin&naofaKMMone. 

=(A) orbital &.I) a compa&onofthcrcsultil@valucs 
to Iv,, of tk bike&Ms allows to derive the conjugative 

&a = IV.l(vic.trkne) - (Iv.,wdhne~ + i&d. 

Applyinesuchacor&tknschcmetopairsofcaf- 
nspondine CoqNmds ill tin? two Series 14 and 6-Y 
ykklsthercsultssbownioTabk2 

Tbetabkalsogivcdthesamesetofparameters~ 
and$,whicbcanbec&uktcdlmdcJrtheassumptioo 
of a kvcl ordering n+(s) above n_(A) in l-5. 

We note that for the ‘hatural” assignmeat in the 
1,3diketones l-6 (n-(A) above n+(s)) the attempted 
correlation to compounds CY ykhis an average in- 
ductiveparameter~of0.79eV,whkhisbahmcedbya 
colljugative &stabiGzation L of plactkany equal 
magnitude (average value -0.76 eV). An orbital sequence 
n+(S) above n-(A) io 14 011 the other ham-l would give 
much larger parameters (mean values: b = +I.3 eV, 
6 - = -1.8 eV) which, espa%dly for S-, tier strongly 
for diRennt diketo&&etone-paim. Fu&rmore the 
latter assigmm3ot leads to the coochuioa that S, 
shouldahvaysbe~inmagnMe(upto0.8eV)than 
sbd. 

Clearly the data set derived from the correlation which 
EaLestben-(A)lonepairMOastheHOMOinldis 
more consistent, again support& the kvel squence 
n_(A) above n+(s) in cyclic 1.34ketones. We would like 
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to point out in addition however, that it is possi&le to 
estimatetbeah&teaswellastberelativemagnit&s 
of & aod 6, independently from some model com- 
pouods,andthatthosedataouuinedbe10wareillvery 
good agreement with a general orbital sequence n-(A) 
above n+(S) in l-s and with the parameter set derived 
from the correlation to 6-10 on this basis. To get an 
estimateofthei&ctiveeffect(Fii3)wecomparethe 
orbii energy corres- to I& of cycloheptatriene” 
orlazofcycbpentadiene*withl~oftroponeand 
CYC~~llc~ (see below). Amtlm appropriate 
compnrisonarctbeionizntionpotentielscom~to 
the ebtion of ekctmns from the ~-orbital of cyclo- 
pentene and that of l-cycbpelltene4-ooc.‘6 

Iql a,,) = 9.52 eV IP(l&) = 10.84eV 

0 

Iqlag) = 8.57 eV 

0 

&.#-OP*V 
* 

IP(l&) = 9.49 ev 

Iqr) = 9.18 eV lp(v) = 9.99 ev 

This comparison shows an inductive effect, L, of a 
carbonyl group between 0.8 and 1.1 eV. 

To obtain an estimate of the conjugative effect we 
unnpare the ionixation potential of tbe II orbital in 
monoketones with the II+ (destabilii) combination in 
&ketones as given below. 

C&-CHZ--CO-CH3 CH~O-CO-CH~ 

Iqn) = 9.5 ep IP(n+) = 9.55 eF 

CHrCHO CHO-CHO 
Iqn) = 10.2 ep Iqn+) - 10.59 eF 

Iqn+) - 9.55 OF IP(n+) = 9.61 eV” 

Knowipe the inductive e&t, this comparison should 
give a fairly @ estimate of the conjugative effect of an 

additional co group since ill both cases, the adiketone 
and the vic.triketonc, the main illtcractioll takes place 
between tbe 2p orbital on oxygen and the o-frame as 
sketched below. Assuming an average inductive effect of 
0.92eV as discussed before, we conchlde that the cob 
jugative effect (ii&action with u-frame) has about tbe 
same mag&de but the opposite sign. 

-a 
n+(s) 2b#l 

The parameters derived by this comparisoo are there- 
fore: 

8Ld=+O.9eV 

6 - = -0.9 ev. 

Thus our co&usions based on a qualitative comlation 
of l-s aDd 610 and resulting in practically identical 
numbers for SM and S,6ml strong support and the 
only possible as&nmcnt dth ruped to the n ld 
ordaing in l&fi&et~ is cfmrfy n_(A) obooc n+(S). 
As can be seen from an inspection of Table 2, the 
application of values of 09eV to 1Jdiketones 1-s 
would have yielded quite a good approximation of the 
actually observed PE bands in 6-10, the prerequisite 
againbeiagthatthesequelXeoftllesymmetryadapted 
linear combinations of tbc lone pairs in l-5 is n-(A) 
above n+(S), as obtaiued with tbe MINLlO13 method. 

Having discussed the orbital sequence ia our series of 
@diketones, it is interesting to compare the 6rst two 
bands in the PE spectra of 1 and 2 with those of 
cyclopentane-l&lion and cyclohe~l$dione. We 
notice, that the shift of the 6rst band (corresponding to 
tbe antisymmetric orbital) is less than for the second 
band (corresponding to the symmetric orbital) (see F& 4). 
This dilference is accounted for by considering the rele- 
vant wave functions as shown iu Fw. 4. In both types of 
rine systems we notice, that tbe coef6cieats of the atomic 
orbitalsnexttothecarbonylgroupsarelargerinthe 
symmetrical mokcular orbitals thao in the antisymmetrical 
ones. Thus, methyl groups should affect n+(S) more than 
n_(A), consistent with the observed trend. 

The knowa cyclic Bz?5lrl*, 4” and P were 
preparcdbykacthodkcribcdbyEs~~ss~~ent 
of the awrcspoading adikctones” with me in the 
pxseo~ of squaws KOH ad swbscquent acidScAn of the 
resultant cnolatc solutions of 2-5 with hydrochloric acid ykldul 
the r&rcd &d&&mes. which were purikd by subiii and 

rcadilyformsisti&hydratcun&rtheusialrcactAcow 
ditioxforrin5akqancotandthcrebyescqcsCH~-,1 
was synthcisii by transforming -ykycMutane-13 
dii into the enol-mctbylctha of 1 tkst (diazomethallc, EIZO) 
and fouowing bYdrolYsiS.m - _ 

The deep n?d ad &tremely moisture sensitive trikctoae 10 has 
only been reportai as a hydrate in the litaature.s’ 9~6 oxidation 
of 5 (xylme. 15hr retku) pro4wx-s 19 in very low yidd, ac- 
companied by a acknhtm wntainimg byproduct. from which it 
canbeseparaMaodfurtkrpur8iedbyfractionalvacuum 
Sublimation 
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