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AN ANALYSIS OF THE THROUGH BOND INTERACTION 
USING THE LOCALISED MOLECULAR 

ORBITALScIII 

LONG RANGE EFFECT OF LONE PAIR ORBITAL TO THE 
OPTICAL ROTATORY !7l’RENGTH OF THE CARBONYL 

n--p* TRANSITION IN 3-KETOPIPERIDINES 

‘~MORRICAL and experimental data on optical rotatoq 
strengths of organic and inorganic molecules have ac- 
cumulated. Rotatory streq$hs of tbe co n-ff* transition 
have been extehvely studied in relation to the octant 
ruk.‘4 Maay efforts have been made to ihtrate the 
observed rotatory stren@b in terms of structural factors 
of tbe molecule by theoretical analysis with various 
molecular orbital meWIs.- One of tbe present autbors 
also attempted tbe theoretical analysis of the rotatory 
strength in terms of the amtriitions from molecular 
fragments.’ In this study, it was found that tk direction 
of the re-mote lone pair orbital on the N atom in 3- 
ketopiperidh deWmines the sign of the rotatory 
strengths of tbc CO n4 tram&ion of the molecule: that 
is, (lR)-3-ketopipcridiue having the nitrogen lone pair 
orbital in th eqnahal dire&ion (pi. 1) has negative 
rotatory streq@ while (l$Gketopiperidhe having the 
Gtrogen he pair orbital in the axial dire&m (Fu. 1) 
has positive rotatory strength. It was found that the sigos 
oftherotatorystrengthwasdetemkdbytbeinter- 
actionbe$weentheCOlonepairorbitalandtbeNlone 
pair orbital from tbe analysis of the calculated rotatory 
stren@s. However, the detailed analysis for UK inter- 
actionbasnotbeencahdout. 

Recently, we proposed tbe method which analyses the 
thou&space and the through-bond iateractions9~‘o by 
osing localisbd molecular orbitah.“-” This method has 
been applied to the interaction between two nitqea 
lone pair orbitals in aziQl?P’ and to the long range 
hyperfine couplin& in bicycloalkyl radkals.” From these 
studies. the interaction or the coupling was divided into 
the c4Mributio~ of idSdual thmugb-bond and through- 
space intaacttoas In tbe calcalation of the rotatory 
strengtb,thisme&sbauldshedli&tonthede&iled 
mechanism of tbe interacth between the chromopbore 
andtbeotkpartsoftkemdecuk.Tbeimportantfde 
oftbetbroueb_boadandthethrousbapaceioteractKMs 

fortheopticalrotatorystrengthhasalreadybeenpoin- 
ted out although methods for tbe numerical evaluations 
of these interactions have not been establi.~bed.‘~ 
Recently, a perhhahai approach to this problem was 
publ.isbed to interpret tbe octant rule in terms of the 
through-bond amI the throughpace interactions by 
using relevant n~lecular orbitals.’ 

In the present paper, we applied the abovementioned 
me&odlM3 to the Watery sbengths of (ls)_ and (1Rb3- 
ketopipehiineinotdertoseethereasonwhytbedirec- 
tionoft&remotenihgenlonepairorbitalcontroI8the 
signs of the rotatory strengths of the CO b-w+ trahtion. 
Asaresultoftbeanalysis,tbespecifkthrougb-spaceand 
the thou&bond inkractions were found to be respon- 
sible for the sign of tbe rotatory strength. 

-mANAL~ 

Thereducedrotatorystren@h~~wasc&&tedby 
llsingtheequation:’ 

wbcrc~istbeithmokcularorbitalandA&thctnut- 
sitioneneqyfromtbeithtotkjthmokcularorbWs. 



Althoogh eqn (1) is obtained by using single Slater 
detemunant without con58wation interactions, the rota- 
tory strength by eqn (1) is fairly reliable as far as 
qualitative predictions such as signs of the rotatory 
strength are concemsd Wheo we need quantitative pre- 
dictions, the treatment with ~~ ~~~tio~ 
should be indispensable. The extension of eqn (1) for the 
calculation with con6guration interactions is straight- 
forward. In eqn (l), the matrix elemeat of the gradient 
operator(V)wascakulatedinunitsof~andthetran- 
&ion energy in units of ev. The mohx&r orbitah, 6, +J 

in the equation were obtained by the CNDOlz 
method,,“” these motecular orbitals gave good results 
for the cakulation of the rotatory strength of 3-keto- 
piper&es., 

For the analysis of the rotatory strength, the concepts 
of the &rough-space and the throu&bond interactions 
should be very fruitful because the theoreticaIly cal- 
culated value should be related to the molecular s&tic- 
tures in terms of the ~-s~ and the ~~~d 
interactions. As to tbe tbrougi~pacc_intemction, the 
mqnitudc of the inmaction has been evaWai by the 
cakulations after xero is set to the relevant core 
resonance integrals or the rekvant Fock matrix ele- 
ments. However, the through-bond interaction can not be 
evahlated directly, and the di5erence between total 
energies with and without the &rough-space interaction 
has been as&gned to the throughbond interaction. In the 
preced& series of papers,“*‘3 we proposed a method to 
evaluate directly the through-bond interaction by UJiae 
the local&i molecular orbitals as is mentioned in the 
previous section. In the present article, this method is 
applied to the analysis of the optical rotatory strength of 
the n-a* Wan&ion in 3ketopiperidines. 

The method for the analysis has been descrii” so 
that we briefly illustrate the method in the following. The 
occupied mokcular orbit& are transformed into local- 
ised molecular orbit& according to the pmcedure by 
Rdmiston-Ruedenberg..” By using locahsed mok&ar 
orbiis thus obtained, we fzan represent a core resonance 
integral between atomk orbital,,, xr and x,. as the sum- 
mation of the core resonance integrals between localised 
molecular orbitals, #P and $Y,, 

where I”, and I$,-, are the core resonance inteqral be- 
tween the atomic orbitals, ,yr and x., arul that between 
locahsed molecular orbit&, @, and +?, respectively. 
CI, is the coe5ciexit of the atomic orbital xr in the k th 
Ioealised molecuhu orbital. Making use of eqn (2). we can 
evaluate tbe through-space and the through-bond inter- 
action energks. A pro&ure for the analysis is droppinq 
the hlteractions betweeo speciaed locahsed molecular 
orbitals. In order to drop the interactions, the core 
resonance integral between atomic orbit& should be 
mod&d as Riven by eqn (3). 

I%¶ = I”,- ~~,~C~,~,,. + C,,.C,,J 1% (3) 

where (k, - 1,) means that the summation should cover 
over only definite pairs of spec5ed localised molecular 
orbital.9 (k, and I,) and I”, is an unmodi5ed core 
resonance integral given by eqn (2) and I,. is a mod&l 
one. It is easily proved that the core resonance integrals 

between atomic orbitals, I,,, by eqn (3) gives xero for the 

xaO,-~~,,(Ck,C,,.+Ck,.cl,d 1% 

= gy-’ - 
$,,l%@ c&k,@ c,&) 

yk&/%@ “I&)@ c,&.> 

= I$-, - 
&pwkk,8”, + &,,&rJ 

= 

I 

0 (k=kr,l=l,) or (k=l,,l=k,) 
IS,-) (Otherwise) (4) 

Consequent& when the locaGed mokcular orbit&, 
$L,-‘and$, ,whichspeci&dthebondskand1,are 
picked up in eqn (3) for example, the core - 
~~betwecn9PJandS~J~ccutoff,thatis, 
the thro@bond interaction between, #-, and #jw can 
be consider& to be cut off. Thus, the SCF calculations 
by using the core resonance integrals in eqn (3) give the 
molecular orbit& without the rekvant through-bond in- 
&action: 

In the previous pamgraph, the through-bond or the 
through-space interactin is obtained by droppii the 
relevant core rem integrals. Another approach to 
the analysis is the !SCFcakuMons inYolvinq the specifk 
throughbond or the through-space interaction. In this 
case, tbst, the molecular orbital calculations should be 
C4lkdOUt8fttXdrOpphgtbcOneresOll8llCCiD~ 

bctweco two pftrts of the molecule, so that the molecular 
orbitalshavetobelocalisedina~oftbemolecule.Ip 
other words, the molecular orbit& should be class5ed 
into two groups. In the case of ~e~pi~~~, for 
example, the pure CO a and a* molecular orbitals are 
separated from other Q orbiis by the !ICF cakulations 
with droppit@ the core resonance integrals between 2pa 
atomic orbitals on CO group ami other atomic orbital8 on 
the piperdine moiety as shown in Fii. 2. Next, the 
canonical molecular orbit& are transformed into local- 
ised molecular orbitals for each group. By using the 
locaGed molecular orbitals, the specihed through-bond 
or the through+xu!e interaction can be evaluated; that 
is, the specilled thmu&&md or the through-space in- 
teraction can be obtained by the SCF calculatioos usin# 

Fs 2. The numbwiag of atoms in the mokcuk. 



2243 

Rotatory strength 

Calcda Obsdb 

l(a)-Xetopiperidine -42.9 -11.2 
(-171.51 

l(e)-Xetopiperidine 16.6 
(66.3) 

a.9 

a Tbe value divided by the excitation energy (4.0 evt. 
The undivided value is given in parentheses for comparison with 
those in Tables 2-4. 

b From reference 5. 

whcrc the mcaaiugs of the notations ia qn (5) are the 
sameastboseiaqn(3).Itisoasilyprovedinas~ 
manaer as in qn (4) that qe (5) gives the comet value 
for the core rcsonalWc intq?rals between the spcciikd 
localised molecular orbitals and zuo for other core 
rcsouance iategrah. In qn (51, when k, &signates CO ?r 
molecular orbitals, and 1, Q orbital local&d iu a 
spccillcd bond in pip&line moiety, the SCF cakulatious 
give the thruusaspact iatcractiou between co Q group 
and u speci6ed bond. 

In the following section, the rotatory strength of the 
CO e--r+ transition ia 3-ketopiperidiaes was subjected to 
tbc analysis io terms of the ~~ and the 
througbboxal iatcmctions by eombiaatioes of the !%.!F 
calculations using the core resonance integrals given by 
qn (3) (cutthg off the ~~~~n) aad by qn (5) 
(iachl&on of the ~te~~n)* 

In the pteaent artick, the CO n-o* transition was 
studied for (lR)_lketopipcridiae (axial form) aad (!s)-3- 
ke~pi~~d~e (quatorial form). ~b~~n~y, these 
molecules are referred to as l(a)- and l(e)-ketopipcri- 
dines in the present paper. The structures of these 
m~kcuks suc shown in FQ. 1. l(a>Kctopiperidine has a 
nitrogen lone pair orbital iu the equatorial direction, 
while I(e)-ketopiperidine has one in the axial direction. 
As descrii in the previous se&on, tbis dilFerencc in 
the direction of the remote aitrogco lone pair orbitah 
leads to the diflerence in sign of tbe optical rotatory 

strew. The observed and the &t-d- rotatory 
stmgths arc given in Tabk 1 iudiahg that thcod 
prediction in siga of the optical rotatory strength is in 
good agreement witll expcrimeetal da4 which was al- 
ready publi!&ed iu our previous paper: 

ti thnmgh-space Mmction between curf~n~ P 
@Wp and the p$&lfhe moiety. Fiit of all, tbc carbonyl 
1 orbii were separated from the rcmaihg u type 
orldtals by the SCP cakulatious with dropp@ the con 
~~~~~~s~~~cou~co~s~ 
tbb atomic orbitals on the p&rid& moiety as s&own iu 
FQ. 2. By usiag molecular orbit& thus obtained, t&c 
rotatory strength for the CO a-@ traasition were cal- 
c~and~stodintbe3nllintofTable2.The~io 
the Table a~ t&e scalar products of the vectors COT- 
responding to the gradient aad the maguctic momcat 
operator, multiplied by the appropriate coefficient ap 
pear& in qe (1). without dividing by the a-r* tran- 
sition energy. Tbcrcfore, the reduced rotatory strcogtb 
cau be obtained from the values in the Table afhr 
dividing by the baas&ion energy ( 14 eV). For relative 
comparison of ruhccd rotatory stre&s, vahles 
obtained wothout being divided by the transitiou energy 
canbcusedwitbeasealldheecewiubclistaliathe 
TaMes, unless othenvise stated. From the values iu the 
3rd line of Table 2, it is obvious that I(e)-ketopiperidh 
has a positive rotatory strength while l(a~ketopiperidine 
has negative one without ~t~~tions between Q mole- 
cular orbitals and CO ?r orbitals. In the same Tabk, the 
rotatory strcagths by canonical molecular orbitals arc 
lisc#1inthelst~e.Com~thevatucsintbt3rdfine 
witbthoseinthelstIine,wecansaythatthesignsoftbe 
rotatory strengths in both calculations agree with cacb 
other but tbc absolute magaitudes don’t. Cousqueotly, 
droppiag of the core rtsouauce integrals between CO 0 
atomic orbitals and the remaiaig atomic orbital of 

Table Z.Cskulatbd opti rotX&wy sfrcn@bs of S-ketopiperhiincs with various types of hx&cd mokcuhr 
OrbitalS 

Equatorial' AXiala 

Calculations with canonical molecular orbitals 

Calculations with oxygen localfted mlecular 
orbital5 

62.75 -171.25 

-9.40 -13.11 

Calculations with dropping the interaction 
b&wean u and carbonyl n orbital5 36.45 -25.31 

a The value of the numerator in Eq. 1. 
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piperSue moiety leads to the small Merence in the 
rotatory s&e@hs between two mokcules in question. In 
OtIkr words, the through-space intera&n between co 
a orbiis and piper&e u type orbitals should be 
responsibk for the remarkable diIIeretlce in the optical 
rotatory strength. 

Next, the u type mokcuhu orbitals from the SCF 
cakuktions with dropping the above-mentioned core 
resonance integrals were transformed into local&d 
mokcular orbitals. These orbitak are kcahsed in the 
specilkd bonds, the nitrogen lone pair and the oxygen 
lone pair. The optical rotatory strengths wm cakulated 
for the transition in which the excitation occurs from the 
above-mentioned oxygen lone pair orbital to CO 99 
orbital, namely, pure n+r+ transition. The values are 
cdkctedinthe2ndlineofTabk2,indicatinqthattwo 
mokcuks have nearly equal optical rotatory strength as 
is expected from the natute of so4kd pure b-99 
transition. 

We are now in a position to study what types of 
interactions between a CO ‘A part and pip&line moiety 
are responsible for the di&rence in the optical rotatory 
strengthbyt&changeintbedirectionoft&nitrogen 
lone pair orbital. By using the (I type kcahsed orbitals 
and eqn (5), we can evaluate any specifk throush-space 
interactions between the CO P group and any specilk 
bonds or the lone pair in the piperidine moiety. Fit of 
all, the direct throt&4pace interaction between the CO 
rorbitalsandthenitrogcnlonepairorbitakwasiu 
cludedintIkcakuktions.Theresultisgiveninthe2nd 
line of Tabk 3, indica& that the contriiution of this 
direct through-space interaction to the rotatory strength 
is relatively small and hence this interaction is not res- 
ponsi&le for the di&ence in the rotatory strenqth be- 
twecn two mokcuks. Next, the rotatory strengths were 
cakukted with the direct through-space interactions be- 
tweentheCOnorbitakandtheN~Hbondkcahsed 
orbitak. ‘Ihe values are shown in the 3rd line of Tabk 3, 
indicatingthatthisthrouohspace interaction contributes 
only pa&thy to the ditIercnce in the rotatory strength. 
From these results, it should be the indirect interactions 
bctweentIkCOaorbitakandtbenitrogenlonepairor 
the N+H bond kudised orbitals that is reqmnsiile for 

the difference ill the optical rotatory strength in both 
mokcuks. Accordingly, our attention was drawn to the 
indirect interaction between the CO P group and 
nitrogen lose pair or NrH bond. In the 4th line in Table 
3, the rotatory strength is given in the case that the 
through-space interaction between the CO II orbit& and 
the G-N, bond kcahsed orbital is involved. It should he 
noteworthy that the above-mentioned through-space in- 
teraction gives the very huge difference in the rotatory 
strength between both mokcuks, and that the calculated 
rotatory strenqths are very close near in the absolute 
magnitude to the values cakulated by using canonical 
molecular orbitak and listed in the 1st line of Table 3. 
This result is particukrly surprisii in view of the fact 
that it is not the nitrogen lone pair orbital or the NrH 
bond locahsed orbital but the G-N3 bond local&d 
orbital that results in the large diflerence in the rotatory 
strength, since the geometrical situations of C,N, bond 
in both mokctdes are quite similar and the nitrogen lone 
pair and N,-H bond in both molecules have very 
d&rent steric situations. In the same Tabk, the rotatory 
strengths given in the last line were cakukted with the 
through-space intera&n between the G-N, as well as 
tbec&.hondkcahsedorbitals.1tisobviousfroln 
these values that the above-tuentktmd through-space 
interactions give the values for the rotatory strength 
which are nearly equal to those obtained by using 
canonical mokcular orbit&, that is, the ahove-men- 
tioned interactions determine the signs and the mag- 
nitudes of the optical rotatory streuqths of l(a) and 
l(e)-ketopiperidines. The next probkm is how the 
nitrogen lone pair orbital or the NrH bond loc&ed 
orbital is concerned with the ditIerence in the rotatory 
strength. For this purpose, the thro@&~nd or the 
througbspace interaction which is fohowed by the 
above-mentiotkd throueh-space interaction should be 
subjected to analysis. 

l%c thwgh-bud and/or the thrvngh-space inter- 

actions concerning the nirrogrn atom. Tbc interactions 
via the nitrogen lone pair orb&al and/or the NrH bond 
locahsed orbital should be analysed in order to under- 
stand the mechanism of the remote interaction in the 
n-a+ transition between the CO group and the remote N 

T&k 3. Cakutsted o&al rotatory streagths of Sketopipcridiaet kchdinl various types of mc throoeb-s- 
iatemctkna 

Type of interactionboc 

Calculations with canonical MO 

Calculations including the interaction 
between n MOe and the nitrogen LP 

Calculations including the interaction 
between n I400 and NJ-H bond IA0 

Calculations including the interaction 
between 1 110s and C2-N3 bond IA0 

Equatorial a AXial" 

62.75 -171.25 

-17.73 -51.77 

12.30 -69.12 

50.81 -119.69 

Calculations including the interaction 
between n MOs and C2-N3 ae well as 
C5-C6 bond LMOs 

67.40 -157.21 

a The value of the numerator in JZq. 1. 

b The following abbreviation0 are used : nO...Molecular orbital, LP...Lone Pair, 
IIK)...Localired molecular orbital. 

' For the N3-H, C2-N3 and C5-C6 bonds, l ee Pig. 2. 



atom.l%ein~betweentbeCOrorbitalandthe 
Cy-N&oadaswellasC&bo$~orbWspky 
aaessentialrokillt&edeWmmatlonoftberotatory 
8tIWlgthTherefMe,tbecormokcukrorbjtakwere 
~~~~~~~~Of~~~~, 
and tJK! spsciffc ~~ sod/or the tlpaitk 
th&-spaceiutera&nswerecutofIbymeaasofe.qn 
(3) usiag callonkal mokcukr orbit&. It sfloukl be 
noticedtbatt&canonhlmokulkrorbitalsluetbe 
mokcukrorbitakobtahediuttEuMditkPthattbeco 
11 molecular orbital8 were allowed to interact with an 
other parts of the molecuIcs. 

F&St of au, in l(a)_ and l(e~~~~ the 
nitrogen lone pair orbital as well as the NrH bond 
kadisedorbitaiwerecutofffromtheremahhgpartof 
the mokcllka and tbe rotatory streqths were cakukted. 
These values are shown in tbe 2ad Ihe of Table 4, 
iadkahg that two mokalks have neafiy equal values of 
~~~s~~s*~~~tk~~e~~~ 
remaining part of two mokcuks are identical. Next, as 
the G-N9 bond h&ised orbital was kaown to play an 
important role, the interactkn only between the nitrogen 
lone pair orbital arid tbe CrNs bond kcahed orbital 
was allowed to cakukte the rotatory strength. l%e result 
is shown in tbe 3rd he of Tabk 4, iadkating the 
&eases for both mokcuks, so that this type of inter- 
a&on can not explain tbe difference in the rotatory 
strength. consequerltly, the coupling of hvo types of 
interactions were taken into account, that is, tbe nitrw 
hepairorbitalintemctedwitbtbeC~Npbondkcalised 
orbital as weIl as with the G-C, bond, CrH bond, and 
CA’ bond hcalked or&k. The fm is the tbrougb 
bead interaction, whik the ktter the th!wgIl*S~ ia- 
teractioas. with these iataactions, the rotatory strengths 
were cakukted. The nsuft sbows in the 4th Iine of Tabk 
4, that these iuteractioos hcrease the rotatory stren&$ll in 
l(e)-ketopiperidine, and decrease the rotatory strength in 
l(a)-ketopiperidine. 

ItltbepWdillg~,theilWaCtionskC~ 

tbellhgClklOnepairorbit8iWCfCSUbjl?CtCdtO~~. 

Next,wewiUanalyseintbesamemannertbeinter- 
actions includiqj the NrH bond kc&cd orbital When 
tbeNrHboadkcatkedo&italiuteractswithtbeCrN., 
~l~~~~~~&ve~ 
C~CS~k~~Of~k~~~ 
nitroeenlonepeir~(S.~IineofTable4),tbatis,tbe 
above-mentioned in- &ease!3 tbe rotatory 
strength althou& the absolute &es of increment are 
wtaslageastboseintbecoseoftb?&nepairorbi$ll.It 
should be stressed that tbe incremeat in l(e~ke& 
p~k~~~~l(a~~.~s 
comsponds witb the nsult CofWrniag tke Gtrogea he 
pair orbital which indicates that the rotatory streagtb in 
l(aMetopip&ine is m than that in l(e>ketopiperi- 
dine,!3incetbefonnerbasthelonepairorbitalint& 
4XpWiSldhzchkn!aadtbSl4lttCfbSSOllCiUtheaxial 
dire&n. 

Ne~~N~H~l~~~~~to 
interact with the C&-N> bead, t& C&C, bond, tbe CrH 
bond,andtbeC~H’boadloc&&orbitak.Thistypeof 
tbecouplingoftbeinteractionsisthesiuDeasthat 
considered for the nitrogen lone pair orbital. The rota- 
torystrengthswiththeseiateractionsareiadialtedilltbe 
6tblineofTabk4.Fromtberesuitsitkobvioustbatthe 
coupling of the interachs &eases the rotatory 
streqb ES I(ajketepipeSne aad decnases ia f(e)- 
k#opqrenmac . Tbis tendency for tbe &age of the 
rotatoryStmgthiS&oiu 9CCO&OWWithth9tSbOWlliJl 
tbe4thtineofTabk4,tbatis,theN,-Hbondkcahed 
orbitalintbeaxialdhctionbehnvesinasimikrmanuer 
astbe&ogenloaepairorbitaliIltbeaxiaidirectionan~ 
~k~~for~N~~1~~~~ 
equatorkl direction. Tbe absolute maghldes in the 
chtge of the rotatory strer@b for tbe N,H bond focal- 
ised orbital (the 6th line of Table 4) is considerably 
smalkrthaatbosefortbenitrogenloaepairorbital(tbe 
4thlineofTabk4).‘l%isresultalso~spondswiththe 
valuessbowniat&e3rdaadthe5thlinesofTabk4. 

Table 4. C&u&d optiul rotatory s&!a@bs of +)reto&ddhi cut& off the varioas types of tbc hugb-bond 
mdorthetfuu&qmiatarsctiona 

Type of interaction included b.c Equatorial' Axiala 

Calculations with canonical MO 62.75 -171.25 

Calculations cutting off the interactions 
bt?t?~~~IN~,N$il and all other parts of the 

290.05 291.44 

Calculations including only the interaction 
between NLP and fC2-N3) 

396.84 512.44 

Calculationa including only the interaction 
between NLp and [fC,-N3).ICl-C,),(C,-B),(C2-H*)1 

500.05 -266.60 

Calculations including only the interaction 
between N38 and (C2-N3) 

369.86 340.82 

Calculations including only the interaction 
between N3tf and [IC2-N3),(Cl~21,(C2-E)r(C2-8')f 

-19.13 429.80 

Sum of the contributions of NW and NJ-H LMOs 190.87 -128.24 

a The valus of the numerator in Eq. 1. 
b The follwing abbreviations are used(see Fig. 2) I NV... 
N3E...N3-II bond LMO, (C2-N3)...C2-NJ bond ulo, etc. 

nitrogen lone pair orbital, 

= [N Lp,N3BI means the group consisting of NLPandN3B. 
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mhvo coupling poth 

Fu. 3. Scbc.matic diagram for the positive and the ocgative 
cauplir@ptba.Tbebfokl?nlimwitbmwr&owtbeinter- 

actimbdwrmtbcl~~orbitak. 

In the last line of Table 4, the sum of the contributions 
of the ni&ogen lone pair orbital and the NY-H bond 
kcalkedorbitaltotherotatorystrengthislisted.For 
exampk of l(e~ketopi@line, the expected vehae for 
the rotatory strength, 190.87, is obtained by the followi@ 
CdCulatioa: 

2!m.os + (500.05 - 290.05) + ( - 19.13 - 290.05) = 190.87 

Wh+XC2!&05CllUbCconsidaedtObCthCStanderdV8hlC 

witbout the intaa~tio~. From the values ia the last line 
of Table 4, the cqliug of the interactions statut-above 
cao explain why l(e~ketopiper&e has a positive rota- 
tory s&ngth and l(a)-ke@peri& has a negative oe 
fortheCOna+tra&io~althoughtbeabsohrtemn& 
nitudesintbelast~ofTable4are~erentfromthe 
values obtained by using canonical mokcutar orbiis 
(1st line of Table 4). In other words, the most important 
typeofthethrough-stmceaadlorthethro~~in- 
tezactions which an respoo&k for the det&mmabon of 
thesignsoftherotatorystreu@hcouldbeclarifkdbythe 
present procedue of the analysis. 

coupi.iRg path8 in ketopipelwa. wbal we suak 
lIlalid rbe result of the analysis, we could depict the 
coupling paths which are responsibk for the deter- 
mination of the siga of the CO n-a* transition. In Fu. 3, 
one coupling path is positive and another is negative. Via 
the positive coupling path, the n-# tra&ion has posi- 
tive rotatory strength aod u&e ocna By making use of 
the coupling path models in Fig. 3, we can explain the 
sign of the rotatory strength for ketqiperidines as fol- 
lows: For l(e~ketopiperidine, the positive ccuplins 

0vercQmestbenegative~sinccthe~lone 
pairorbitalintheaxialdkectionis~withthe 
positive coupw whik the NrH bond local&l o&d 
intheequatorialdire&aiain~pathofthene@ive 
coupling. For l(a)-k&op&rSe, the reverse is hue. 

Inconchlsioa,tlRoptkalrotatorystrengthsofthe 
ketopipeid&s could be analyaed in terms of the 
throusb-space~~throueh-bond in&actions by 
Il.&g locali& mokadar orbitak. This method call 
auilybeapplkdtootherorgankaswellasinorga& 
mokcuks to shed light on the relation between the 
optical rotatory strength and the molecular stmcture. 
Moreover, the present procedure can easily be extended 
to cakuWions with co&uration iuteractions. 
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