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Abstract—The CNDO/2 MO aad INDO MO methods were used to study the molecular electroaic structure of the
bicyclic molecules derived by transamnular isteraction of the amide growps in two isomeric dioxodiazacycio-
decanes. A physical model based on the invariance of the MO's with respect to linear transformation of the basis
set allowed to determine a fusctional relation betweea the boad atomic population M and 1., (transanauler) in
a set of closely related Iactams (dioxodiazacycloskanes). Purtber, the stabilities of a set of cyclopeptides as
determined by Shemyakin ¢ ol allowed to calcalate s minimum valwe of M , a5d & maximes trassansular
mr“WMuwMuwmmumﬁemnt&Wd
molecuies. These were used together to provide quantitative results which casble to account for the
differeat behaviowr of 6,10-dioxo-1,5-diazacyclodecane and 4,10-dioxo-1,S-diazacyclodecane towards ring costrac-

In a previous paper' some molecular properties of a
restricted set of dioxodiazacyclalkanes 1 upon the appli-
cation of the CNDO/2 and INDO methods were des-
cribed. The results were encouraging enough for a
reasonable description of a set of molecules having the
same molecular symmetry and functional groups. Here a
theoretical analysis of the molecular electronic structure
of some bicyclic molecules derived by transannular in-
teraction of the amide groups will be undertaken. As
model systems for the calculations those derived from
6,10 - dioxo - 1,5 - diazacyclodecane 1a and 4,10 - dioxo -
1,5 - diazacyclodecane 4 were chosen, namely the
isomeric Iactams 3 and 6b and their respective pre-
cursors, the cyclols 2 and 5 (Scheme 1). The purpose of
this paper is to report the resuits of MO cakulations in
the CNDO/2 approximation® on ring contraction of the
isomeric 10-membered rings 1a and 4b. In fact, it was
observed that the cy tide 4b rearranges to the
lactam 6 via the cyclol §,° but such reaction was not
obeerved for the closely related dilactam 6,10 - dioxo
1,5 - diazacyclodecane 12.**

COMPUTATIONAL METHOD

Molecular wave functions for molecules 2, 3, 4b, $ and
b were cakculated using the CNDO/2 method employing
the original parameterization given by Pople e al>> In
the present study, standard bood lengths and angles’
were used to estimate geometries. Calculations for
molecules 2, 3, 5 and 6b were performed using standard
conformations to provide a consistent basis for com-
parison since reliable experimental geometries are not
available. Although the use of standard bond lengths and
angies will result in some deviations from the true con-
formations, we feit that the use of a well-defined con-

s3

formational model was preferable to making arbitrary
adjustments in several individual conformations and was
more practical than optimizing each of them through
cakculations. Hence, the geometry of each bicyclic
molecule was found by minimizing the total energy with
respect to the geometrical variables defining its structure.
In our analysis the stabdity of the cyclopeptide 4b, the
geometrical structure of which was derived adopting a C,
symmetry, and those of the cis and trans conformations
of 2,3, 5 and 6 have been examined within the con-
straints placed upon the molecular parameters we have
chosen to vary. This was done by interpolation between
energies calculated for a number of specific geometries
around the minimum (local) energy. With the optimized
structural parameters, density and overlap matrices, total
and bond energies and dipole moments for 2, 3, § and &
(cis and trans conformers) and 4b were determined.
Cakculations were performed on a IBM 360/50 computer
with 2 QCPE program CNDO/2 using STO as basis set.’
For purposes of comparison the option INDO for the
bicychic molecules 2, 3, § and 6d was also allowed for.
The program was modified to suit local input-output
requirements and to facilitate changing dimension state-
ments.

EESULTS AND DESCUBSION

Standard molecular models predict the existence of
two rigid conformations for the bicyclic molecules 2, 3, §
6, bematthOuouptheonlyﬂexi)lepcﬂof!he
. hand, the differences in
uwenuthcforcc for bond
stretching and bond bending angle between beterocycles
carbocycles hardly influence the Van der Waals
forces, at Jeast those existing between H atoms.” There-
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Scheme 1.

fore, for a theoretical analysis of the bicyclic molecules
the three dimensional structures were determined taking
as possible stable conformational states the cis and trans
forms of the analogous carbocyclic saturated com-
pounds® (Scheme 2).

From Table 1 it can be observed the cis conformer to
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Scheme 2. Conformations of the computed bicyclic molecules.

be more stable than the trans isomer. The lower sym-
metry of the lactam 6b compared with 3 is reflected in a
higher dipole moment for the former in both coaformers.
The higher dipole moments of the cyclols 2 and § follow
IromtheptmnceohﬂOmvnhnmedweeof

wave functions for the cyclols 2 and 8. Thus, it may torn

Tabie 1. Escrgies (¢V) and electric dipole momeats (D) for the computed molecules

Total Boad Dipole

Molecule  Coaformationa  Method esergy cacrgy momeat
2 cis CNDO?  -M75.7T8 -303463 350
2 trans CNDO/2  -3466826 294484 am
2 cis INDO -3348462 -2913) 3532
2 trans INDO -33957 -232412 kX373
3 cis CNDO2 -2903977 -2886M 1611
3 trans CNDON2 - 2933.401 - 288017 1314
3 cis INDO -B28833 -276097 1652
3 trans INDO ~28.152 -06317 1490
] s CNDO2 -U15560 -303418 3.768
[ trans CNDO2 -~ M6462 -292480 1821
s cis INDO ~3M8.13% -291.038 15%
s trans INDO -3337252 -20.154 34
o cls CNDO2 -2935.142 -29.786 2™
(3 trans CNDOf2 ~913.292 -119% 1961
@ cis INDO ~829812 -mm 264
(3 trans INDO ~B82% -5, 2450
LY - CNDO2 ~34700%0 -297911 344
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of the physical model to be
related to the orientation of the

cyclols during the dehydration
ume.tbutisinm!ﬁcicntknowledae
andcotnpmmouldnutomemptlconnecdonwih
such ideas. Consequently, a Mulliken Population Analy-
sis'' of the C-O and N-H bonds in the cyclols 2 and §,
that of the C=N bond in the lactams 3 and 6b, and that of
the C,o~N, bond in the cyclopeptide 4b scemed promis-
ing in order to derive some quantitative results. The bood
atomic population M, _, for the involved A-B bond is
given by

Moa=2 3 P..S,, 1))

where P, and S,, are the clements of the density and
overlapping submatrices respectively and the sums
extend over the atomic orbitals located on both atoms.
The results are given in Table 2. It can be observed that
M, _, is independent of the conformational changes due
to both conformers have the same molecular symmetry
(C\). Moreover, the cyclols 2 and S have almost the same
value of M. and M, in both cis and trans con-
formers.

Table 2. Boad atomic population data (CNDOY2)

Molecule  Coaformation M, Mc Mco
2 cis 0.671 - 0.493
2 trans 0.689 - 0.415
s cis 0.6%0 - 0.4%0
H trans 0.689 - 0.360
3 cis - 0.954 -
3 trars - 0.943 —
( cis - 0.974 -
] trons - 0.93 -

The cyclopeptide 40 has no symmetry plane like that
of molecule 1a. Consequently, there are two possible
transannular interactions: those between C,o~N, and C~
N,; ncvertheless, only the former was observed.® The
transannular interaction between C and N atoms in 1a
might give the cyclolic structure 2, leading 2 to the
Iactam 3 by dehydration. This lactam is a dibexagonal
system with the same symmetry and functional groups as
the cyclopeptide 4b. Then it should be interesting to
compare the bond atomic population for the molecules
1a and 4b between the bonds involved in the transan-
nular interactions (C-N for 1a and C,¢~-N;, for 4b) leading
to the corresponding Xchc systems. From Table 2,
the value q=2.14x10"° is obtained for the ratio
MC-NIMCu-N’

Therefore, if 1a would have the same behaviour as 48,
the strength of the interaction (extended to the whole set
of basis orbitals, namely: 2sc, 2p.c. 2p,c, 2pcy 28w,
2P.n, 2p,n and 2p,,,) between the atoms involved in the
transannular interaction should be 10* times lower than
the corresponding one for the atoms C,, and N, in 4b.
This result could in principle, account for the expern-
mental difficulties to isolate 3 from 1. However,
although both molecules 1a and 6d bave very close
values for their total energies, different molecular sym-
metries were adopted for them. Then, it should be
doubtful to consider the parameter q as very significant

_{for this type of ring contraction.

Cakuhmmmmunwdomfotuﬁhthqoe

the nhﬁve stabilities of a series of closely related
. In fact, Shenynknaalflnve observed

transformation 4b¥2 b, it can be postulated the inter-
MWC,—N,nOquemmmone

The basis of this reasoning is as follows. lntheCNDO
method, the resonance integrals B, are bandled in 2
semicmpirical manner, but so as to satisfy the required
invariance conditions. This is done by assuming that 5,
is proportional to the overlap integral S,.. 12 gince the

atomic basis sets, it is required the proportionality factor
between B, and S, to be the same for all atomic
orbitals. This is necessary since S, itsell transforms
correctly

The relation between £, and r will is assumed to be
an exponential one; this is justified since §,, must vanish
for infinite r, and its decrease as r increases, must be
roughly proportional to the overlap integral (bence to
exp (—r/a)) of the atomic orbitals. Introduction of the
invaniance conditions and eqn (1) leads after a little
algebna to

M, =biB2 4l exp(-1/a) ()]

where 8., it a boading parameter and b and a are
constants. From the above discussion, a knowledge of
Mc_, and the distance rc_,, (transannular) for the diox-
odiazacycloalkanes 1 would furnish the value of rc_,, in 1a
for which the boad atomic population is the one found for
vplmwpamhmmmuhrinwxﬁoninmhtypeof

rings.
The -ilgMc, with the corresponding transannular
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C—N distances rc for a set of similar dioxo-
diazacycloalkanes 1 are givea in Table 3. From the
magnitude of Mc,, n, extracted from 4b, it foltows the
transannular distance C—N in 1a to be

fcwn™ 29 A.

Significantly, this value is higher than the maximal
distance rc,, w, (Table 3) corresponding to the cyclo-
peptide 4b. Therefore, the transannular interaction
C—N should be negligible for the dioxodiazacycloalkane
1a. The behaviour of both isomeric molecules 4b and 1a
should be quite different and the hypothesis given above is
also supported by these theoretical considerations.

Table 3. Transannular interatomic distances rc, and bond
atomic population M (transanautar) for the dioxodiazacycio-
alkanes 1°

Molecule ten (AP -l Mey’
1a 434 5.604
1 4.09 4412
1e 437 4.648
1d 3.86 419
le 491 6.032
14 455 4.753

1 40 4.267

“The valwes reported in this Table were fitted by means of the
least squares method 1o give the equation - ig M = 2.06 1, ~
4.10.

Interatomic distances computed with a program of coor-
dinates; isteratomic distance I, , i ®: 2.21 A.

‘CNDOY/2 method; M, , in #: 1.16x 1072,

CONCLUSIONS

Using the invariance of the MO's with respect to linear
transformations of the atomic basis set, a functional
relation between M., (bond atomic population) and
fc-n (trnasannular) for a set of molecules with the same
molecular symmetry was established. In addition, a
minimum value of M. and a maximom magnitude of
rc~ (transannular) were attributed to the 4,10-dioxo-1,5
diazacyclodecane b on the basis of the stability of a set of
cyclopeptides. The magnitudes of M, resulting of this
model are able to explain important differences in the
previously observed experimental behaviour of the
isomeric molecules 1a and 4b. The transannular interaction

is feasibie ooly if the magnitude of M. is over M
obtained for 4b. The formula (2) or a similar one w bc
useful to determine the possibility of transannular inter-
action for a given set of related molecules with the same
molecular symmetry. This model organizes results com-
puted from CNDO/2 (INDO) wave functions and allows
the determination of the interatomic distance C—N
(transannular) in a dioxodiazacycloalkane if the true
ground state wave function of a closely related one is
available.
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