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Ab initio MO studies on allylic chloropropenes
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Background of which have been studied g’vf'r‘trhgjr

Electronic structures of carcinogenic
and mutagenic compounds have been
investigated by many rescarchers using
molecular orbital(MO) calculations.!-8)
The pioneering application ¢f MO theory to
study a chemical carcinogenesis was the
work of the Pullmans on the eclectronic
structures of polycyclic hydrocarbons,
that is well known K and L regions
theory.?-11) Other large part of
application for exploring carcinogenicity
and mutagenicity was investigations of
pairing interactions between nucleic acid
bases and mispairing between nucleic acid
bases and base-analogous speciesa,12-15)

During last ten years the development
of the clectronic computer and the revision
and refinement of programs for ab initie
molecular orbital calculations, such as
GAUSSIAN serics, makc us handle the
rather large biological molecules easily.

On the other hand, chlorinated organic
compounds have been of interesting due to

their carcinogenic and
activities, [6-19)

mutagenic
Allylic chloropropenes
are an important species among them, some
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"Allylchloride and 13d1chloropropenc

have proved to be carcinogenic in mxce 20}
Under the situation calcnlaung the
electronic structures of ° alIyILc
chloropropencs by the use of MO rr:lcthod
and providing the theoretical cxplanauon
of their carcinogenic and x_nutagcnlc
processes scem to be pointed oi:t a 31.:.?;
strategy with computatienal tcchmque
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Neudecker and Henschler treal
mutagenicity of allylic chluroprop C
the metabolic activation process i—“:"fr
presence of rat-liver
fraction(S9mix).21) In the study the ilfs
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the enzyme inhibitors which conf! ‘P i'h:c:
metabolic activation 1ntermcd13les~:"ﬁ"tr}ig
mutagenic reaction. From the result s“;‘f}
their  study, in  which  the® ~§ix
chloropropenes, aliylchl.onde(l) '-2':3fi
dichlore-1-propene(2}, - H{,3,;
dichloropropenc(3), 1,1,2,3- :ctrachloa"_z:-!
propene(4), 1,2,3- tr:chioropropenc(sz flc,’
hexachloropropenc, have been trcatcd ﬁqz
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Scheme 1. Metabolic activation pathways of allyllc chloropropenes in S9mix.C Tz diiw

(a) is epoxidative pathway and (b} is hydrolytic-oxidative pathway : l"S; : : !
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metabolic pathways as shown in Scheme 1
were found, {a) in the scheme is
¢cpoxidative pathway and (b) hydrolytic-
oxtdauvc pathway. Ultimate mutagenic
intermédiates in the pathways are epoxide
and acrolein, respectively. The six allylic
chioropropenes were classified into three
catcgories; first group including 2 and 4 is

act:vatcd through epoxidative pathway,
sccond group of 1 and 3 through
hydrolytic-oxidative pathway and third
group of § through both pathways, It is
especially pointed out that chlorine
substitution at the center carbon atom in
C=C-C  skelton brings the electron

deficicney of the atom because of -1 effect
of substituent and thercfore they are more
facile to be activated through epoxidative
pathway,

JAn the present study ab initio MO
calculanon has been ‘perfarmed to obtain
thcﬂ clcctron:c structures of five allylic
chloropropencs(l -3} and to discuss the
computatmnal results by comparing with
the expenmcntal
Methods of Calculation
“, Geometrical optimization was
ptj:rformcd with HF/STQ-3G, HF/6-31G**
and MP2/6-31G** methods. The potential
energy profiles with respect to the C-CI(--
-H*) bond length in the protonated allylic
chloroprupcncs were cvaluated by the use
of HF methods with both STQ-3G and 6-
316"' ba51s sets, because the cleavage of
tcrmmal C-Ci bond brings the allyl cation,
C-C-C" which seems to be ultimate
calcmogcmc comound binding to DNA,
All calculations were performed with the
Gaussxan .92 program package installed in
NEC SX 3 computer.

R'ciults
Geomerry Allylic chloropropenes scem to
be four local stationary conformations with
rcspcct to the the C.C

single band, cases of

around
Thercfore four

rotation

initial conformation in each compound have

becn ¢xamined as shown in Fig, 1.
results aré shown in Table 1. The most
stable conformation cach molecule
slightly changes in one method to anaother.
It is noticed that in almost cases the most
stable structure is conformation 4. An
exception is shown in 2, and trans of 4
with STO-3G basis set which is not cited in
the table. In three cases, trans of 5 in
addition to two cases described above, the
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Figure 1. Four initial conformations
with respect to C-C single
bond rotation.

Table 1. The most stable conformation of

allylic chioropropenes

HF/6-31G** MP2/6-31G**

No E?) No E?)
1 4(3) 0.0020 4(3) 0.0016
2 3(4) 0.0004 4(3) 0.0001
3 (cis) 4(1) 0.0016 4(i) 0.0019
(trans)  4(3) 0.0018 4(3) 0.0018
4 (cis) 4(2) 0.8057 4(2) 0.0053
(trans)  4(3) 0,0009 4(3) 0.0015
5 (cis) 4(1) 0.0069 4(1) 0.0060
{trans) 4(3) 0.0002 4(3) 0.0007

a) Eis the energy difference between the
most stable conformation and the second.
Unit is a.u,

cnergy differences between most stable
conformation and the second-stable one are
very small. It is notcworthy that the small
energy differences appear in the molecules
which have the chlorine substituted into
the central carbon atom.

In the MP2/6-31G** results the averaged
values of calculated bond separations are
1.3392 and 1.4916A for C=C and C-C
bonds, respectively. The bond separations
of C-Cl bonds varyed in the wide range,

"1.71A to 1.79A., The averaged separations

between olefinic carbon(spZ hybrid) and
chroline are shorter than those between



pyramidal bonding carbon(sp3 hybrid) and
chlorine, the former is 1.724A and the
latter is 1.784A. The tendency described
above is also shown in the results of
' HF/STO-3G and HF/6-31G** mecthods,

Charge Density: Table 2 shows the nct
atomic charges of carbon and terminal
chlorine atoms at the structure calculated
by the HF/6-31G** method, MP2/6-31G**
results do not cited in the table because
they are almost the same as thosc in Table
2. It can be shown that the electron
density on the carbon atoms in HF/6-31G**
method are larger than that in HF/STO-3G

method, On the other hand the clectraon
density on the terminal chlorine atom in
HF/6-31G** method {s less than that in
HF/STO-3G method. It can be notjced that
in the results of HF/STO-3G mecthod the
allylic chioropropenes are classificd into
two groups, onc with the positive atomic
charge of central carbon atom in C=C.C
sequence and another with the negative
one. This classification by the sign of the
net charge is coincident to the structural
characterization whether ﬁllylic
chloropropenes have chlorine atom ar the
central carbon atom or not.

Table 2, Net charges of carbon atoms and terminal chlorine atom in HF/6-31G** method?)

.0.104(-0.189)
-0.071(-0.160)

Q1 Q2 Q3 Q4
1 -0.271(-0.120)  -0.087(-0.048) . -0.317(-0.058)
z -0.247(-0.110)  -0.104( 0.060)  -0.295(-0.058)
3 (cis) -0.239(-0.012)  -0.075(-0.039)  -0.330(-0.061)

(trans)  -0.239(-0.011)  -0.067(-0.039)

4(cis) -0.208( 0,001} -0.055( 0.061)
-0.052( 0.059)
-0.076( 0.065)
-0.073( 0,062)

(trans) -0.221(-0.002)
5(cis) ~ -0.211(-0.007)
(trans) -0.224(-0,009)

-0.089(-0.172)
-0.089(-0.171)
0.012(-0.101)
0.012(-0.101)
-0.059(-0.147)
-0.062(-0,148)

20.324(-0.058)
-0.319( 0.042)
-0.312( 0.047)
-0.312(-0.061)
-0,305(-0,057)

a) The values in parentheses are nct charges in HF/STO-3G method,

Table 3. HOMO and LUMO encrgies
calculated by HF/6-31G** method?)

HOMO LUMOC

1 -0.3804 0.1508
2 -0.3785 0.1530
3 (cis) -0.3773 0.1329
(trans) -0.3758 0.132¢9
4 (cis) -0.3850 0.1013
(trans) -0.3839 0.1058
S(cis) -0.37535 0.1115
_{trans) -0.3747 0,1162

a) Unit is a.u.

HOMO and LUMO energies: Table 3 shows
the HOMO(highest occupied MO) and LUMO
(lowest unoccupied MO) cnergics
calculated by HF/6-31G** method. It is
found as -expected that the number of
substituted chlorine is the more the LUMO
level becomes the lower.

Protonated allylic chloropropenes: Figure
2 shows the potential energy curves of
protonated allylic <chloropropenes with
‘fespect to the terminatl C-Cl distance. At
a glance of HF/6.31G** results, it is found
that the C-Cl scparation lengthens when a

proton is added to terminal chlorine atom.
This implies that the cleavage of C-CI bond
and the following production of allyl cation
and HCI facilitately proceed. While in
the HF/STO-3G results the most stable C-Cl
separations of protonated 2 and 5 slightly
changed from the unprotonated structures.

Discussion

As shown in Table 1 dominant structure
in allylic chloropropenes is . the
conformation 4 with an exception. - Most
stable geometries of them are also shown to
be slightly dependent on the methods of
calculation. In the compounds which were
determined to be activated through
epoxidative pathway by Neudecker and
Henschler, the energy differences between
conformations 3 and 4, either of which is
most stable one, are very small,
Especially the second stable conformation
4 in the case of 2 calculated by MP2/6-
31G** can not be necglected becausc the
energy increasion from the most stable
_conformation 3 is only 0.000%a.u.

It is shown from the results in Table 3
that LUMOs in 4 and 5 are lower than those
of other compounds. This fact seems to
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Figurc 2, Potential profiles of protonated allylic chloropropenes with respect to

C-Cl distance,

indicate the possibility that the lowering
of LUMO brings the corresponding epoxide.
The LUMO of 2, which s
classified into epoxidative pathway group,
is higher than those of 1 and 3, The
disagreement can be detourcd by finding
the LUMO level of second stable
conformation of 2, conformation 4, being
rather low, 0.128%9a,u. Therefore it can be
said that 2, 4 and 5 may be more easily
activated through epoxidative pathway than
1 and 3.

Neudecker and Henschler thought that
C=C bond in 2, 4 and 5 bears polarization
due ta -I effcct -of the substitution to

however,

chlorine atom at central carbon atom in
C=C-C sequence. From the results of
HF/6-31G** in Table 2 it can be shown that
the net atomic charges of cl and C? in 2,4
and 5 arc slightly different from those in
1 and 3. In the results of HF/STO-3G
method, on the contrary, charges of
central carbon are positive in 2, 4 and §
while negative in 1 and 3. This fact
indicates again that 2, 4 and 5 may be

net

~activated through epoxidative pathway
more casily than 1 and 3.
It is shown from the HF/STO-3G

results in Fugure 2 that the terminal C-Ci



separations of 2 and 5 are slightly affected
by protonation to terminal chlorine atom
and those in 1,3 and 4 arc lengthened by
adding a2 proton to terminal chlorin atom.
If the same situation as this was indicated

from the results of other sophisticated
procedurcs, such as HF/6-31G**, it could
be concluded that the reactivity of

producing allylic cations correlates to the
mutagenic potency through hydrolytic-
oxidative pathway. But the possibility has
to be abandoned due to the results of HF/6-
31G** method in Figure 2.

Up to now mutagenic potency through
both pathways cloud not be decided clearly
from the electronic characteristics of
allylic chloropropenes.

References

1. M. Sabio, S. Topiol and W. C. Lumma, Ir.,
I. Phys. Chem., 1990, 94, 1366,

2. G.P. Ford and J]. D. Scribner, . Am.
Chem. Soc,, 1983, 105, 349,

3. 8. D.Kahn, K. D. Dobbs, and W, J. Hehre,
J. Am. Chem. Soc., 1988, 110, 4602.

4. P. Otto, 1. Ladik and S. C. Liu, I. Mol,
Struct.(Theochem), 1985, 123,129.

3. P.R.Laurence, T. R. Proctor and P.
Politzer, Int, J, Quantum Chem., 1984, 26,
425,

6. 1. 5. Murray and P. Politzer, Int. J,
Quantum Chem., 1987, 31, 569,

7. M. Sayama, M. Mori, H, Shinoda and H.
Kozuka, Mutation Res., 1990, 243,47,

8. H. Shinoda, M. Sayama, M, Mori and H.

Koz‘uka, Int. J. Quantum Chem., 1993, 45,
97.

9. A. Pullman, C. R. Soc. Biol,, 1945, 139,
1956, )

10. A.Puliman and B. Pullman,
Natur{London), 1963, 199, 4892,

11. P. C Hariharan, J, J. Kaufman and C.
Petrongolo, Int. J. Quantum Chem,:Quantum
Biol. Sym., 1979, 6, 223,

12. D. Lutz, E. Eder, T. Neudecker and D,
Henschler, Mutation Res., 1982, 93, 305,

13. S. Abdulnur, J. Theor. Biol,, 1976, 58,
165,
14. C, Nagata and M. Aida, J, Mol.

Struct.(Theochem), 1988, 179, 451.

15. M. Aida, K. Yamane and C. Nagata,
Mutation Res,, 1986, 173, 49,

16. H.Ichikawa, T. Fujii and H. Shinoda,
CGFR Active Rep., 1992, 1, 85,

17. M. M. Shahin and R. C. Von Borstel,
Mutation Res., 1977, 48, 173,

18. C. Drevon and T. Kuroki, Mutation Res,,
1979, 67, 173.

19, W, Kanhai, W, Dckant and D. Henschler,
Chem, Res. Toxicol,, 1989, 2, 51.

20. B. L., Yan Duuren, B. M, Goldschmidt, G,
Locwengart, A. C. Smith, §. Meichlonne, I.
Seldman and D. Roth, ], Nat]l, Cancer Inst.,
1979, 63, 1433.

21, T. Neudeccker and D, Henschler,
Mutation Res., 1986,170,1,

22, M. I. Frish, G. W, Trucks, M. Head-
Gordon, P. M, W. Gill, M, W, Wong, J. B.
Foresman, B. G. Johnson, H. B. Schlegel, M.
A. Robb, E. S, Replogle, R, Gomperts, J. L.
Andres, K, Raghavachari, J. 8. Binkley, C
Gonzalez, R. §. Martin, D, J, Fox, D. 7.
Defrees, J. Baker, J. J. P, Stewart and J. A.
Pople, Guassian®2, Gaussian, Inc.,
Pittsburgh, PA, 1992,



	Foreword
	Preface
	Contents
	1. Climate Modeling
	・　A model study of a 1-D radiative-chemical coupled system
	・　Utla-high resolution modeling of the tropical atmoshere
	・　Development of an atmospheric general circulation model for climate research
	・　On the interaction between the circulations in the lower-and mid-latitudes:Meridional distributions of(PV，θ)in the two-tree-dimensional models
	・　Mass circulation variations due to seasonal and longer term variations in the middle atmosphere circulation
	・　The study of seasonal variation of ozone by a general circulation model

	2. Atmospheric and Oceanic Environment Modeling
	・ Study of basin-scale ocean circulation related to global chlorophyll distribution
	・ Develoopment of the transport，transformation and removal model for acidic and oxidative pollutants in the east Asia
	・ Study of modeling of local CO2 circulations
	・ Ecosystem model in Tokyo bay partⅠ:Modeling of circulation

	3. Geophysical Fluid Dynamics
	・ Experimental study on the three dimensional spherical convections with the parameters of planetary atmospheres
	・ Baroclinic instability of elliptic vortex in an imposed strain field

	4. Other Research
	・　Ab innitio MO studies on allylic chloropropenes

	Supercomputer SX-3 Overview

