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ABSTRACT

Two sets of additive parameters used previously for the calculation of C-
13 chemical shiftsof mono and poly six member cycloakanes are applied
for the prediction of N-15 chemical shifts of some methyl piperidine de-
rivatives. These sets are based on two principles; The p-character (sub-
stituents electronic effect) of the atom under consideration and the steric
effect that reflect the spatial arrangement of the molecule. Additional pa-
rameter, namely the ring angle at the studied atom, is added to the other
parametersto define the structural distortion that dueto large steric inter-
actions. The p-character in set (1) is represented by the number of carbon
atoms of primary, secondary, tertiary, and quaternary types at o.-position
to the nitrogen, while in set (2) is introduced as the partial electronic
charge. The steric effect is expressed in terms of the actual number of the
interacting proton- proton and/or proton-loan pair in both sets. Quantum
mechanical and regression analysis methods are employed for this treat-
ment. The results showed that, both sets are good for prediction of N-15
chemical shifts. The parameters of set (2) are found to be more consistent
with thetheory of nuclear magnetic resonance(NMR) spectroscopy, there-
fore, they are considered for further studies. The Study also included
derivation of acommon set of parameters for the calculation of C-13 and
N-15 chemical shiftsof cyclic systems. The derived parameters are tested
by the estimation of the chemical shifts of other systems. Deviations are
noticed only in positions that involved in large steric interactions.

© 2007 Trade ScienceInc. - INDIA
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Thechemicd shiftsbehavior of N-15NMRisoften
very closdy pardldstothat of C-13NMRinwhichthe
mainfactorsthat affect thechemica shiftsarestructura
and el ectronic phenomenaof theatom under consider-
ation™, Thusfor common organic molecules, therange

of N-15 chemicd shiftsisdightly larger thanthat of C-
13 and reachesto about 500ppm. Thefeaturethat dis-
tinguishesthenitrogen from carbonisthe presence of
unshared e ectron pair which makestheresonance pos-
tionsvery sensitiveto solvent changesdueto intermo-
lecular interactions. Inthis case comparison of chemica
shift data, obtained from different sources, for structura
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€l ucidation purposesbecomevery difficult. Accordingly
correlations should be based, asmuch aspossible, on
dataobtained under comparable conditions.

Treatment of N-15NMR chemicd shiftsdata, when
eliminating thesol vent effect by using non polar solvent,
could bebased(like the C-13 chemical shifts) ontwo
factord™>", the paramagnetic term(p-character) and
steric effect. The p-character representstheweight of
p-electronsinthetotal bonding electronsof nitrogen,
which meansitiselectronicinnatureand consider the
effectsthat comethrough bond(inductive). Thesteric
effect isrepresented by proton-proton(H-H) and pro-
ton-loan pair(H-Lp) interactionswhich result fromthe
gpatid arrangement of themolecule. Itsinfluenceismost
probably caused by distortion of thenormal tetrahedral
geometry!®d of the considered atom. Depending onthese
two factors, severa setsof additive parameters have
been suggested inorder to treet theN-15 chemicd shifts
by statistical and semi empirica methods.

Duthaler and Robert®® treated the N-15 chemical
shifts data for some primary, secondary and tertiary
aminesandtheir hydrochloridesin asimilar manner to
that employed by Grant and Paul® when treated the C-
13 chemica shiftsof ana ogouscompounds. Thep-char-
acter isintroduced intermsof thetypeof primary, sec-
ondary and tertiary amines. Substituents parametersfor
carbon atoms, two and three bonds away from the ni-
trogen atom areintroduced. Correctiontermsarealso
added in caseswherelarge deviation between the ob-
served and cal culated chemical siftsarencticed. This
suggeststhe presence of theinfluenceof protoninterac-
tions

Theeffect of methylationontheN-15 chemicd shifts
of piperidinesand their hydrochloridesisstudied™. This
investigation showedthat, in such compoundsbothring
and nitrogeninversion alow alargenumber of confor-
mationa possibilitiesthan are present inthe correspond-
ing hydrocarbons. Theaxia-equatorial loan pair orien-
tationisfoundto haveagreat effect on thevaueof the
chemica shift; whichislikely arisngfromtheinterac-
tions between theloan pair and anti-periplanar C-C or
C-H orbitals. Theexperimental resultsindicated that,
thetrend displayed by dicyclicaminesarequiteana o-
gousto thoseof acyclic compound

Khalil® refined the contributed parameters by
Shahab and Al-Wahab!*!! to the cal cul ation of the C-
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13 chemica shiftsof normal and branched alkanesand
used them for calculating the N-15 chemical shiftsof
and ogous compounds. Inthiscontribution, Shahab and
Al-Wahab directed the attention towards the rol e of
proton interactions by introducing parametersrepre-
senting theseinteractionsintermsof thenumber of pro-
tons present on the carbon atomsat o, 3, v, 6, and e-
positions. The p-character isdescribed asthe number
of carbon atomsat a-position of primary, secondary,
tertiary and quaternary types.

Despitethegrest effortsthat undertaken by the au-
thorsmentioned intheliterature so far, non of theem-
ployed methodscould treat theN-15 chemicd shiftssat-
isfactorily. Sowethink thet, thereisalack intheinforma:
tionregardingthisfield of investigationsand morestudies
arerequiredinorder to giveaclear pictureof thecaus-
ativefactorsthose affectingtheN-15 chemicd shifts.

In arecent study, the author succeeded in de-
veloping anew set of parametersfor the cal cul ation of
C-13 chemicd shiftsof monoand poly Sx member rings
cycloakanes. Thep-character is presented asthenum-
ber of carbon atomsat a-position of primary, second-
ary, tertiary and quaternary type where as the steric
effect isintroducedintermsof theexact number of pro-
ton-proton interactionsrelying onthefact that protons
located in opposite planesdon’t affect each others.

Morerecently™® thelater parametersare morere-
fined. Thep-character of the carbon under consider-
ationistreated in termsof the e ectronic charge(EG),
whichisthe average substituentseffect that, acertain
carbon experience. The(H-H) interactions are calcu-
lated menualy by meansof buildingamodd compounds.
These parameters are al so applied on the mono and
poly six member rings hydrocarbons. The mentioned
parameters are proved to be conformationa depen-
dent and could be used successfully to predict unknown
chemical shiftswith accepted TABLE errors.

The successin applying these parameterson the
cdculation of C-13 chemicd shiftsof cycliccompounds,
and sncethe p-character (EG) doesn’t discriminate the
type of the studied atoms except in their values, we
think that, these parameters could be applied on the
calculations of N-15 chemica shiftsof compound of
andogousgtructure. Only additiond parametersregard-
ing (H-Lp) interactionshaveto beincluded.

Inthisresearch work, thelast two sets of param-
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eters mentioned above are applied to calculate the N-
15 chemical shiftsof methyl derivativesof piperidines
and N-methyl pi peridinescompounds. Comparison be-
tween the results of applying thetwo setswill be car-
ried out. The study dsoincluded an attempt to devel op
ageneral set of parameters that can be employed to
caculatethe C-13 and N-15 chemical shiftsfor cyclic
hydrocarbons.

EXPERIMENTAL

Two setsof additive parametersareapplied inthis
investigationfor theprediction of theN-15chemicd hifts
Those parametersare based on two factors; the p-char-
acter of the nitrogen atom under consideration, which
reflect the e ectronic effect of the neighboring substitu-
ents, and the stei c effect indicated by the (H-H) and/or
(H-Lp) interactions. Suchinteractionsarerepulsonand/
or attraction forces, and depend on the structural ge-
ometriesof the studied molecules.

Inthefirst set(1) of the applied parameters, the p-
character isintroduced intermsof thenumber of o-car-
bon of primary(oi-ptri), secondary(o-sec), tertiary(o-ter)
and quaternary(a-quat) types. The(H-H) and (H-Lp)
interactionsarerepresented by theactua numbersof the
interactionsinthea, 3, andy-positions. The - interac-
tionsare divided into two type depending on thedis-
tance and angl€'¥ between theinteracting protons or
proton-loan pair. Thefirst typeisassigned asf?andre-
ferstotheinteractions between two protonsor proton-
loanpair located inthe sameplane, either axid or equa
torid. Theother isgiventhesymbol 3> and explainthe
interaction between(H-H) or (H-Lp), oneof theminthe
axid postionand theother isequatorid figure 1.

Figure(1): Methyl cyclohexane, Exampleof a-(H-H) in-
teractionson C(2) are(H(19)-H(16), H(19)-H(15)), Example
of B2—(H-H) interaction on C(2) is(H(19)-H(20)), Example
of a®—(H-H) interaction on C(2) is(H(19)-H(21))
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In the second set(2) of the suggested additive pa
rameters, the p-character isrepresented as the elec-
tronic charge(EG) of the nitrogen atom under consid-
eration, while the(H-H) and(H-Lp) interactions are
treated inasimilar to that of set(1). Additional struc-
tural parameters such asring angle(<C-N-C) of the
studied molecule in some cases of thistreatment is
added. The number of interacting (H-H) and (H-Lp)
arecaculated asfollow:

1. A mode is constructed for each compound, ac-
cordingtoitsmost stable conformation(lessenergy)
that determined by employing thechem. Officepro-
gram of cambridgeuniversity(version 2000) by en-
ergy minimization, and used for theca culation.

2. Thecompoundsof definite conformations(existin
one energically favored conformation), asingle
model isused for thecaculation. Thisisdetermined
from themolecul ar energy measurement aswill be
illustrated | eter.

3. Compounds, those existintwo interconvertable
conformations of equal energies, the number of
interacting(H-H) and(H-L p) areweight average of
thetwo conformations.

Thevaluesof the EG(<C-N-C) and TE are calcu-
lated by employing thechem. Officeprogram asfollow;
Thestructure of the studied moleculeisplotted by the
CSchem draw program. The moleculeistransferred
intothe CSchem.3D programinorder to convertittoa
three dimension molecule. Thisprocessisfollowed by
molecular dynamic usingtheMM 2 program and then
energy minimizationiscarried out. The TE and(<C-N-
C) of theinvestigated molecul e arerecorded, and the
chargeisdetermined by the extended Hiickel method.
Thelr vduesaswdl astheother parametersareused for
theformulation of the matrix whichisemployedfor the
multi-parametriclinear regressonandysistocd culaethe
N-15 chemical shifts. Thewel known statistical pro-
gram of SPSSisusedfor thispurpose.

Intheregression anaysisthe observed chemical
shifts(dy.15 os) &€ considered as the dependent
variable(Y ineq.1) whilethe parametersareapplied as
independent variables (X, X,, ..., Xn). The matrix
(TABLE 1and 2) isgenerated onthebasisof alinear
model according tothefollowing equation.

Y=B+a X +a X, +—+a Xn (@)

A udéan Journal
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TABLE 1: Theparametersof sets(1) and (2) applied on the piperdinecompounds

Charge No. of carbon No. of interacting No. of interacting
*Compound onN -gsec -ater -aquat -aH-H -p°H-H -B*H-H -yH-H -aH-Lp -B*H-Lp-B*H-Lp-yH-Lp

6 NH
[+ o020 2 o o 3 1 o 0 3 1 0 0

piperidine (pp)
> 6 NH
4% -0215 1 1 0 1 3 1 0 3 1 1 0
2-Me-pp
> 6 NH
% 0211 2 0 0 2 2 0 0 4 0 0 0
3-Me-pp
5
6_~NH
\m -0.210 2 0 0 2 2 0 0 4 0 0 0
4-Me-pp
6 NH
2 0221 0 2 0 1 3 2 0 1 3 2 0
Cis-2,6-di Me-
pp
5
6_—NH
m 022 0 2 0 15 25 15 0 15 25 15 0
trans-2,6-di
Me-pp
5
6 NH
% 0212 2 0 0 2 2 0 0 4 0 0 0
cis-3,5-di Me-
pp
5
\.G/NH
7 3 0212 2 0 0 3 0.5 0 0.5 3 0.5 0 0.5
trans-3,5-di
Me-pp
5
\G/NH
A -0212 0 0 0 2 1 0 1 4 0 0 0
3,3-di Me-pp
ﬁsﬁw
‘ f 0232 0 0 2 0 4 2 0 0 4 4 0
2,244 Tetra
Me-pp
*N-15 chemical shifts are considered as the dependent variable
Thecoefficientsof the parameters(a,, a,.....,a ) RESULTSAND DISCUSSION
and the constant (B) are obtained as aresults of the
regression andysis. The successof the sel ected param- Additive parametersof N-15NMR chemicd shifts
gtersisestimated intermsof thecorrelation coefficient  have been reported by severd authorg®8. Most of these
(R) and standard deviation (SD). parametersweremerely empirica and bear no signifi-
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TABLE 2: Theparameter sof sets(1) and (2) applied on the N-methyl piperdines

Chargeon Angle **No. of carbon No. of interacting
*Compound N <C-N-C -a-seC_-o-ter -a-quat -aH-Lp -B°H-Lp B*H-Lp -yH-Lp
> 6 Ne_
% -0.119 111.157 2 0 0 4 2 0 0
N-Me-pp
> 6 N—_
N -0.127 111.280 1 1 0 3 3 1 0
N,2-di Me pp
5
6 N\
% -0.120 111.303 2 0 0 4 2 0 0
N,3-di Me pp
> 6 N—_
\% -0.119 111.058 2 0 0 4 2 0 0
N,4-di Me pp
5 6 N\
m -0.134 111.684 0 2 0 2 4 2 0
N,(cis-2,6)-tri Me pp
5
6 N—__
@T : -0.128 113.000 0 2 0 3 3 1 0
N, (trans-2,6)-tri Me
pp
5
6 N—__
% -0.121 111.119 2 0 0 4 2 0 0
N,(cis-3,5)-tri Me pp
> \_S/N\
473 -0.121 111.033 2 0 0 4 1 0 1
N,3,3-tri Me pp
=
-0.131 117.053 0 0 2 2 4 2 0

N,2,2,6,6-penta Me pp

*N-15 chemical shifts are considered as the dependent variable; **The number of carbon atoms (a-pri)=1 for all the compounds.

cancerelating to the theory of N-15 NMR spectros-
copy. In addition, none of these investigations were
entirely successful sincethey were not ableto intro-
duce aclear picture of thefactorsthose affecting the
N-15 chemical shifts. So more detailed studiesmay be
required to cluetheambiguity inthisfield.

The compounds sel ected for thisstudy (listedin
TABLES 1and 2) aremethyl derivativesof piperidine
and N-methy! piperidine. Thereason of choosingthese
compoundsisther conformation ana ogy to cyclohex-
anes, so comparison could be carried out between the
two systems. Theeffect of axia-equatorial |oan pair
inversonwhich may createvarious conformational that

affect theN-15 chemical shiftd¥ of the studied com-
pounds could beinvestigated. The experimental N-15
chemical shiftsof thestudied compound™ areobtained
under thesame medium conditionsand measuredinan
inert solvent (cyclohexane) in order to reduceor €limi-
nate the solvent effect, so the suggested parameters
could be applied without any restriction and used for
structurd correlation.

Theideaof thisstudy emerged fromthepoint of Smi-
larity of thebehavior of N-15 and C-13 chemicd shifts
of and ogouscompounds. TABL E 3 showstheresultsof
the correl ation between sd ected piperidinesand N-me-
thyl piperidineswiththeir corresponding methyl cyclo-

Physical CHEMISTRY oo
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TABLE 3: Correation resultsof selected piperidinesand N-methyl piperidineswith their analogous methyl cyclohexanes

PP compds. §y.5 Cyclo-hexanes §c,30f C;, N-MePPcompds §y.,5 Methyl cyclohexanes §c.i50f C;
S g7z 5m61 27.06 = 314 SmGl\ 33.06
% . 7 2 . m . 71 ) '
5 5 1 5 5 1
6 6 6
m 54.9 % 35.77 %N\ 48.9 m 39.55
4 4 4 3 4
5 5 1 5 1
6 6 6 6
™ 370 26.55 %N\ 36.4 32.82
4 4 4
M 5 —t 26.4 S~ 7 32.61
\% ’ \% ’ \m ’ \%\ ’
6 _—NH > 6 1 5 6 _N—__ 5 6 1
73.7 44.7 62.1 46.22
7 7 3 7
®  6_nH S 6t 2| 6 N 5| 6 1
% 63.8 % 41.42 gy 28.9 26.44
a 4 ) 7T 3%
5 5 1 5 5 1
6_—NH 6 6 6
375 26.45 "~ 368 32.68
4 Z ) 73 7 5
5 5 1
6 6
iL\\/{NH 26.7 20.75
4 4
5 5 1
6 NH 6
~/ 304 22,58
7/ 3 /3%

Correlation coefficient=0.9998, Standard deviation=1.078, 8 ,.=-13.274 +1.905 &_,,, Correlation coefficient =0.9993,Standard devia-

tion=1.373, 8, ,.=-18.940+1.726 5,

TABLE 4: Valuesof thetotal energies(in K cal/mole) of pip-
eridineswiththeloan pair intheaxial and equatorial postions

TE with TE with
Compound axial loan equatorial Difference

pair loan pair
piperidine (pp) 6.065 6.371 0.306
2-Me-pp 6.399 6.710 0.311
3-Me-pp 6.367 6.670 0.303
4-Me-pp 6.358 6.662 0.304
Cis-2,6-di Me-pp 6.698 7.020 0.322
trans-2,6-di Me-pp 8.825 9.056 0.231
Cis-3,5-di Me-pp 6.643 9.942 0.299
trans-3,5-di Me-pp 8.301 8.627 0.326
3,3-di Me-pp 8.797 8.440 0.357
2,2,4,4- TetraMe-pp 14.619 14.670 0.051

hexanes. Theva uesof the correl ation coefficients ob-
tained proved the good relation between these com-
pounds. There atively highvauesof sandard deviations
may duetothedifferencein somegeometrica aspects.
Thepiperidinesand N-methyl piperidinesaretrested
separately by applying the set (1) and set (2) param-
etersmentioned previoudy. Sincetheapplication of the

TABLE5: Valuesof thetotal energies(in K cal/mole) of N-
methyl piperidineswith theloan pair intheaxial and equato-
rial positions

TE with  TE with
Compound axial loan equatorial Difference

pair loan pair
N-Me-pp 9.749 12.283 2534
N,2-di Me pp 12.015 14.159 2.144
N,3-di Me pp 10.025 12.532 2.509
N,4-di Me pp 10.018 12.515 2.497
N,(cis-2,6)-tri Me pp 14.931 16.361 1.430
N,(trans-2,6)-tri Mepp  15.916 17.372 1.456
N,(cis-3,5)-tri Me pp 11.906 12.944 1.038
N,(trans-3,5)-tri Mepp  11.920 17.084 5.163
N,3,3-tri Me pp 12.052 17.846 5.794
N,2,2,6,6-pentaMepp  26.598 30.445 3.847

suggested parameters especially the number of (H-H)
and (H-Lp) interactions require (according to this
method) building model compoundsin order to count
them manually and formulatethe matrix for theregres-
sionanaysisand sincetheloan pair could occupy the
axia and equatoriad positions, knowledgeabout thecon-
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TABLE 6: Regression analysisresultsof piperdineswhen
applying sets(1and 2) parameters
Column A (Set (1))

Column B (Set (2)

Parameter Coefficients Parameter Coefficients
values values
P-character P-character
-a-ter -1.773 Charge 85.886
No.of (H-H)

-o-quat 7632 interaction

No.of (H-H

[ nterac(ti on ) « -4.324

-a -9.500 -p* 9.106

-y -6.582 -y -6.488

No.of (H-Lp) No.of (H-Lp)

interaction interaction

-a, -10.245 -a -4.917

-y -15.473 -y -15.074

Constant Constant

Correlation 96.964 Correlation 83.414

Coefficient 1.0+0.41 Coefficient 1.0+ 0.54

Standard deviation Standard deviation

*Res. :6N45 calc'6N45 obs.

TABLE 7: Comparison between theexperimental®? and cal-
culated valuesof N-15 chemical shiftsof piperidinescalcu-

lated fromtheresultsof sets(1and 2) in TABLE 6

Compounds  8y-15 obs S?Sgi;“ *Res. 8(’;&55)5" *Res.
piperidine (pp) 3770 37.73 0.03 3851 081
2-Me-pp 5490 54.96 0.06 5497 0.07
3-Me-pp 37.00 36.98 -0.02 36.97 -0.03
4-Me-pp 36.50 36.98 0.48 37.06 0.56
Cis-2,6-di Me-pp 73.710  73.67 -0.03 7340 -0.30
trans-2,6-di Me-pp 63.80 63.80 0.0 64.14 034
Cis-3,5-di Me-pp 3750 36.98 -052 36.89 -0.61
trans-3,5-di Me-pp 26.70 26.70 0.0 26.70 0.0
3,3-di Me-pp 30.40 30.40 0.0 3040 0.0
2,24,4- TetraMe-pp 81.70 81.70 0.0 8170 0.0

formationsmust be availableto dothisjob.

Thetotal energy of each compound is estimated
withtheloan pair beingintheaxia and equatoria posi-
tions. TABLES4 and 5 show the values obtained for
piperidinesand N-methyl piperidinesrespectively.

Theresultsof TABLES 4 and 5indicatethat, the
piperidinesexist intwo conformations of nearly equal
energies, so the number of interacting (H-H) and (H-
Lp) areweight average over thetwo conformations.
Thegreat (H-Lp) interactions of they-gauchetypd®in
the N-methyl pi peridine compoundswhen the methyl
group located intheaxial position createare atively
high differenceinthetota energy of the moleculecom-
pared to the same moleculeinthe equatoria position.
Thissuggest that, the studied N-methyl piperidinesex-
istin onefavorable conformation. For thisreason the
(H-Lp) interactions are cal culated by considering the

Physical CHEMISTRY o

conformation of thelower energy(more stableone).

Piperidines
Thetwo setsof additive parameters(sets 1 and 2)

stated in theexperimenta part areapplied for the esti-

mation of N-15 NMR chemicd shiftsof the piperidine
compounds considered for thisstudy. Theresultsob-
tained from themultipleregression anaysiswhen em-
ploying sets(1and 2) parametersarelistedin TABLE

6, columnA and B, respectively.

Comparison between the observed and cal cul ated
N-15 chemical shiftsof those obtained by using the
resultsof TABLE 6 are portrayedin TABLE 7.

Theapplication of sets(1) and (2) parameterson
the piperidine(TABLES6 and 7) compoundsgave com-
parableresults. They suggest that, both sets could be
used successfully for the prediction of N-15 chemical
shiftsof such compounds. A closelook at the coeffi-
cient values of the parameters obtained from there-
gressonanalyss(TABLE6) indicatethefollowing:

(1) Thenegativevauesof the coefficientsof the pa-
rametersof set (1) belonging to the paramagnetic
term (p-character)(a-pri, a-sec, a-ter, and a-quat)
refer to shielding effect whichisincons stent with
the nmr theory. The replacement of these param-
eter by theeectronic charge(in set 2) gave abetter
physca meaningintermsof thetheory of theNMR
spectroscopy, inwhich, theincreasein el ectronic
chargeincreasesthenon spherical distribution of
electrons(in the p-orbital) around the nucleusand
leadingto amorede-shidlding effect. Thereplace-
ment of several parametersby asingleoneisan
additional advantage that makes set 2 more pref-
erablefor such calculations.

(2) The(H-H) interaction parametersa.andy havenega:
tivevauesreferring to shielding effect. Thiseffect
can be explained interms of the repulsion among
protonsof nitrogen and carbon aomswhich depend
ontheir spatia arrangements. Such repulsonsmay
push further thevalence eectronsof N-H towards
thenitrogen nucleus, and therefore, thiswould ex-
tend theshielding aroundit. The B-interactionsare
foundtoexhibit de-shidding effect, thiscould bere-
lated tothe differenceindirection of theinteracting
protons present on the 3-positions. These observa
tionsarein good agreement with the reported re-

A udéan Journal
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Figure2: Thismode showsexampleof they-interaction
inwhich theH(16) and loan pair L p(17)) aredirected to-
war d each other, whilethea-interacting H(10) and L p(17)
arenot

TABLE 8: Regression analysisresultsof applying set (1) on
theN-methyl piperidines

Par ameters Coefficient value

p-character

No. of carbons -a-ter -4.957
-a-quat -10.543

No. of interacting H-Lp

-p* 17.471

-y -4.243
Constant 36.843
Correlation coefficient 0.9999
Standard deviation +0.44

No. of observation 9
TABLE 9: Regression analysisresultsof applying set (2) on
theN-methyl piperidinesand then addingthering angle (<C-
N-C)parameter totheregression

Column A Column B
Parameter Coefficient Parameter Coefficient

p-character p-character
Charge -1347.619 Charge 545.169
No of interacting No of interacting
H-Lp H-Lp
-0 0.990 -p* 16.966
-y -5.648 -y -3.785

Angle (<C-N-C) -2.372
Constant
Constant 124814 Comeaion - ag57u3
Correlation 0.9960 coefficient 0.9999
coefficient +' 336 Standard + 058
Standard deviation - 9 deviation - 9
No. of observation No. of
observation

sultsof theliteratureg®4 of C-13NMR studies.
(3) Thecoefficient valuesof a-(H-H) and (H-Lp) in-
teraction parametersare close to each other which
are(-4.324) and (-4.917) respectively, whilethe
value of the coefficient of the y-(H-Lp) interac-
tionsparameter(-15.074) isnearly doublethevaue
of y-(H-H) interactions(-4.324). Thiscan bere-
lated to the spatial distance and thedifferencein
thedirection of theinteraction. Themolecular struc-

—=  Pylf Peper

turemode sshow that, inthey-gaucheinteractions,
the two protons or proton and loan pair of elec-
tronsaredirected toward each other, whilethe a-
protons are not(Figure 2). Sincethe space occu-
pied by thefreeloan pair isrelatively larger than
that of thevaenceée ectrons of the C-H bond, The
v-(H-Lp) interactionswill be greater than that of
v-(H-H) interactions.

(4) Thevauesof thecorreation coefficientsand stan-
dard deviationsare good indication of the correct
choice of parametersthat selected for thisstudy.

N-methyl piperidines

Themethyl piperidinesaretreated inasimilar way
asthepiperidinecompounds. Themain difference be-
tweenthemisthat, theprotoninthelater isreplaced by
amethyl group, so only(H-Lp) interactionsarenoticed
inthese compounds.

The results of the regression analysis when
applying(setl) and (set 2) parameterson N-methyl pi-
peridinesarelisted in TABLES 8 and 9 respectively.

Theresultsof TABLES 8 and 9 column B show the
sametrend asthat noticed in the results of regression
andyssof TABLE 6 columnsA and B of piperidinecom-
pounds respectively, which could beinterpretedinthe
sameway. Thedifferenceinthevauesof protoninterac-
tion coefficientsof thetwo typesmay refer to thestruc-
tural dimensionswhich reflect the dependence of such
interactionsonthe size and distance between theinter-
actingatomsor loan pairs. Theangle(<C-N-C) values
(calculated by the chem. Officeprogramand listedin

TABLE 10: Comparison between theobser ved and calculated
chemical shifts obtained from employing the results of
TABLES8and 9 column B respectively

8N-15 calc * 8N-lSt:aI *
Compound  Sn.isastag| g "R TaABLEOGR | RS
N-Mepp 374 3684 056 3720 -020
N,2-di Mepp 489 4936 046 4952  0.62
N.3-di Mepp 364 3684 044 3631  -0.09
N,4-di Mepp 370 3684 -016 37.44 044
N'(C'SZF')S)'”' Me 621 6187 -023 6171  -039
N.(Cs39rIMe 1y 0 440 000 4489 049
N.(ans35)- 550 3584 004 3620  -0.60
Me pp
N,33ri Mepp 326 3260 000 3262 002
N2266-penta o557 5070 000 5061  -0.09
Me PP
*Res =§, )

N-15calc” ON-150bs
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TABLE 11: Cyclohexanesemployed for theregression analysisin combination with thecompoundsof TABLE 2

No. of interacting (H-H)

*
Compound Cno 8c130b Charge <C-N-C o 5 5 ”
1 2706 -0.057 110.948 6 2 0 0
5 ¢ 1 2 2706 -0.057 110.948 6 2 0 0
m 3 2706  -0057  110.967 6 2 0 0
2 4 2706 -0.057 110.967 6 2 0 0
Cyclohexan 5 2706 -0.057 110.969 6 2 0 0
6 2706  -0.057 110.958 6 2 0 0
1 32.82 0.017 110.435 4 2 0 0
] . 2 32.82 0.017 110.358 2 6 4 0
6 3 4470  -0.068 112.116 4 2 0 0
%\ 4 3537  -0.062 111.094 4 4 2 0
. 5 3537  -0.062 111.147 6 2 0 0
Cis13DMC 6 2645  -0.060 110.759 4 4 2 0
1 32.68 0.016 110.477 4 2 0 0
s, 1 2 32.68 0.016 110.385 2 6 4 0
m 3 32.68 0.016 110.306 4 2 0 0
e 4 4420  -0.068 111.668 2 6 4 0
1-cis3-cis5-TMC 5 44.20 -0.068 111.546 4 2 0 0
6 4420  -0.068 111.727 2 6 4 0
1 33.06 0.018 110.413 4 2 0 0
S g 1 2 35.77 -0.063 111.304 4 4 2 0
m 3 3577  -0063 111304 6 2 0 0
2 4 2655  -0.058 110.890 6 2 0 0
1-MC 5 2655  -0.058 110.871 6 2 0 0
6 2640  -0.057 110594 4 4 2 0
1 32,61 0.018 110.063 4 2 0 0
6, 2 32.61 0.018 110.052 4 4 2 0
~L] T 3 3563 0064 111544 4 4 2 0
4 3563  -0.064 111.449 4 2 0 0
Trans14- DMC 5 3563  -0.064 111.063 4 4 2 0
6 35.63  -0.064 111.163 4 4 2 0

*D=di, M=methyl, T=tri, and C=cyclohexane

TABLE 2) inadditiontoitsrelatively high coefficient
support theideathat, the protoninteractions affect the
N-15 chemical shiftsthroughthedistortion of their tet-
rahedral symmetry. Comparison between the observed
and caculated N-15 chemicd shiftsthoseobtained from
theregression analysisresultsof TABLES 8 and 9 col-
umn B areportrayed in TABLE 10.

Thevalues of TABLE 10 show good agreement
between the observed and cal cul ated chemical shifts
when applying both of sets(1) and (2) parameters. The
parametersof set (2) areconsidered for further calcu-
lationsbecause of their consistency with thetheory of
N-15 chemicd shift and their physical meaninginterms
of thenmr spectroscopy.

Combination of C-13 and N-15 chemical shifts

The success of applying the parametersof set (2)
for theprediction of N-15 chemicd shiftsof six mem-

Physical CHEMISTRY o

TABLE 12: Resultsof regression analysisof applying set (2)
on amixtureC-13and N-15 chemical shiftsof methyl cyclo-
hexanesand piperidines

Parameters Coefficient value
Charge 14.018
No. of interacting H-H
-0l -1.88
-p* 2.954
No. of interacting H-Lp
-p* 12.899
-y -4.310
Angle<C-N-C -1.975
Constant 257.861
Correlation coefficient 0.9998
Standard deviation +0.56
No. of observation 39

ber ring compounds, aswell as, the previous success
of the application of these parameters on mono and
poly six member ringscycloalkanes'?, and according
to theassumptionthat madeearlier inwhich the partial

A udéan Journal
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TABLE 13: Comparison between theobserved and calculated
C-13and N-15 chemical shiftsobtained from employing the
resultsof TABLE 12

Compound  Cro. 8c-13or N-150bs. Oc-13or N-15calc  RES:

Cyclohexane 1 27.06 26.66 -0.40

> 27.06 2666  -0.40

3 2706 2662  -0.44

4 2706 2662  -0.44

5  27.06 2662  -0.44

6  27.06 2664  -0.42

Cis1,3DMC 1 3282 247 035

> 328 262 -020

3 4470 4353 -117

4 3537 3597 060

5 3537 3586 049

6 2645 2699 054

l-ds3ds5 1 3268 237 031

T™MC > 3268 3255  -013

3 3268 271 003

4 4420 4442 02

5 4420 4466 046

6 4420 4430 0.10

1 3306 253 -053

1-MC > 377 3554  -023

3 377 3554 023

4 2655 2676 021

5 2655 2680  0.25

6 2640 2736 0.96

Trans1,4-DMC 1 3261 3322 061

> 3261 3324 063

3 363 3505  -058

4 363 3524  -0.39

5 3563 3600 037

6 3563 3580 017

N-Me-pp N 37.4 3666  -0.74

N2-di Mepp N 489 4920 030

N.3-di Mepp N 36.4 3636  -0.04

N.4-di Mepp N 37.0 3685  -0.15

N.(@s26-t1 g 6120  -0.90
Me pp

N.(As3 5t 44.4 4579 139
Me pp

N.(rans-3 51t 569 3670  -0.10
Me pp

N,3,3-tri Mepp N 32.6 32.56 -0.04

N.2,2,6,6-penta 50.7 5064  -0.06
Me pp

*Res.=8cac6 obs

atomic charge (representing the p-character of thestud-
ied atom) does not discriminate the atomsexcept in
their values, it issuggested that, agenerd set could be
derivedfor thecdculation of theC-13and N-15NMR
chemical shifts. Relying on the abovediscussion, re-
gressonandysisiscarried out (using the parameters of
set (2)) onanumber of selected cyclohexanes of defi-

= Pyl Paper

TABLE 14 : Parameter sof somerigid systemsused for test-
ingthe successof theresultsof TABLE 12

No. of interacting
(H-Lp)
-a _Ba _Bae "Y

-
@ N 0125 110635 4 2 0 0
f\\\//N\ N 0121 111119 4 1 0 1

MM 0130 111616 3 3 1 0

Compd. Cno. Charge <C-N-C

No. of interacting
Compd. Cno. Charge <C-C-C (H-H)
-o _Ba _Bae "Y
2
2 0069 109456 4 4 0 O
3 4 0 5 6
’W 1 0007 112187 3 3 1 0
3 4 0 5 6
N /11’/ ;Z 2 0017 110129 4 2 0 o
3 4 0 5 6
\W 1 0071 113154 2 6 4 O
9
3 0 6

-0.064 111366 4 4 2 0

nite conformationand least strain(listedin TABLE 11
combinedwiththeN-methyl piperidineslisedinTABLE
2. The choice of the later compound based on their
structural similaritiestothe methyl cyclohexanesand
their presencein onefavorite conformation. Theresults
of theregressonandysisaregivenin TABLE 12.

Theresultsof TABLE 12 agreeintheir trend and
coefficient valueswith those obtained earlier (TABLE
9 column B). Thehigh correlation coefficient and rela
tively low standard deviation giveanindicationto the
agreement between the observed and cal culated C-13
and N-15 chemical shiftsof the cons dered compounds
TABLE 13. Deviationsarenoticed only in casesof large
stericinteractionsdueto ring flatteningt®.

The success of the suggested parametersfor such
treatment could befurther tested by using the results of
TABLE 12for estimation the C-13 and N-15 chemical

Hn Tndéan g%wumé
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TABLE 15: Observed chemical shiftsof thecompounds of
TABLE 14 andtheir calculated valuesestimated by usingthe
resultsof TABLE 12

Compound ALOM NO. 8n.15 or C-13 0bsON-15 or C-13 calc
N
@ N *38.0 37.6
— N *28.9
ﬁ\/ N 3239
M N 48.49
2
@ 2 33.198
3 4 0 5 6 N
M 1 38.42 39.61
9
3 4 0 5 6
\m 2 #33.06 33.07
3 4 0 5 6
\m 1 4331 4144
I
3 0 6
#35.66 35.40

4 5
Wiyl
1

*Measured™ in CH (solvent), **Measured™ in CH,OH, #Taken
from referencel®®

shiftsof compounds other than thoseconsideredinthe
regression analysis. A number of compoundsof some
rigid systems are selected for this purpose and por-
trayed in TABLE 14. TABLE 15 showsacomparison
between the observed and cal culated C-13 and N-15
chemical shiftswhich obtained from using theregres-
sonanaysisresultsof TABLE 12.

The agreement between the measured and experi-
mental vauesintheabove TABLE suggeststhat, thisset
of parameterscould be used successfully for the predic-
tion of C-13 and N-15 chemical shiftsof cyclic com-
poundswhen dataof their geometrica conformationsare
available. Sincethecompounds salected for theregres-
sonanayssarechosento bewithminimumstrain, the
deviation between theobserved and cal culated chemica
shiftsmay be used as anindication of the geometrical
distortionswhich result in case of thesteric congestion.

Theoverdl results obtained and discussed so far
may |ead to the conclusion that, the representation of

the p-character by the electronic charge could beem-
ployedtotreat the C-13 and N-15NM R chemicd shifts
by acommon parameters and may be used to cdculate
thechemicd shiftsof other nucle wheninformation of
thegeometrical structures of the treated compounds
areavailable. Such dataare easily obtainable now days
because of theavailability and wide spread of thetheo-
retical programsregarding thisfield of study.
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