
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

EFFICIENCY OF THE MNDO-PM3 METHOD TO DESCRIBE THE
GEOMETRIC AND ELECTRONIC STRUCTURE OF 1,2-DITHIOLE-3-
THIONES AND 1,2-DITHIOLE-3-ONES
M. Chollet-kruglera; A. Botrelb; J. J. Charbitc; J. Barbec; J. L. Burgota

a Laboratoire de Chimie Analytique, Univ. Rennes 1, Fac. Pharmacie, Rennes cedex, France b

Laboratoire de Physicochimie, Ecole Nationale Supérieure de Chimie de Rennes, Rennes, France c

GERCTOP-UPRES A CNRS 6009, Univ. Méditerranée, Fac. Pharmacie, Marseille cedex, France

To cite this Article Chollet-krugler, M. , Botrel, A. , Charbit, J. J. , Barbe, J. and Burgot, J. L.(2000) 'EFFICIENCY OF THE
MNDO-PM3 METHOD TO DESCRIBE THE GEOMETRIC AND ELECTRONIC STRUCTURE OF 1,2-DITHIOLE-3-
THIONES AND 1,2-DITHIOLE-3-ONES', Phosphorus, Sulfur, and Silicon and the Related Elements, 166: 1, 27 — 44
To link to this Article: DOI: 10.1080/10426500008076529
URL: http://dx.doi.org/10.1080/10426500008076529

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500008076529
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phmphnnis. Sulfur and Silicon. 2000. Vol. 166. pp. 21-44 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishen Association) 
Amsterdam N.V. Published under license by 

the Gordon and Breach Science Publisherr imprint. 
Printed in Malaysia 
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In order to validate the PM3 semi-empirical calculation method for the study of electronic 
and geometric structures of a dithiolethiones and a dithiolones series. we compared: 
- the experimental dipole moments of 22 dithiolethiones and 10 dithiolones with those cal- 

culated by PM3. 
the experimental bond lengths determined by X-ray of 5 dithiolethiones with the calcu- 
lated ones. 

Finally, we used more elaborate calculation methods such as ob inirio HF/6-31G0 and 
density functional theory (Dm) B3LYP in order to confirm the net charge distributions calcu- 
lated by the PM3 method. 

Results are satisfactory. PM3 calculations provide a simple, efficient and rapid methodol- 
ogy study of the structure of a large number of molecules belonging to the same series. 

Keywords: I .2-dithiole-3-thione; dipole moment; electronic structure; PM3; ab inifio; den- 
sity functional theory 
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28 M. CHOLLET-KRUGLER et af. 

INTRODUCTION 

1,2-dithiole-3-thiones A offer considerable promise as cancer chemopre- 
ventative d r u g ~ . l * ~ * ~  Some of them are also endowed with interesting non 
linear optical proper tie^.^ 

A 

Rl 

B 

However the relationships between the chernoprotective properties of 
dithiolethiones and their structure have not been thoroughly studied. 
Clearly, there is a need to establish Quantitative Structure-Activity Rela- 
tionships (QSAR) to design new dithiolethiones endowed with enhanced 
pharmacological a~t ivi ty .~ Owing to a hypothesis that links the chemopre- 
ventive properties of dithiolethiones with their behavior of Michael 
acceptor2 and to the fact that these derivatives are aromatic compounds, it 
is obvious that their electronic properties must be included in QSAR. This 
is the reason why, as part of our studies devoted to these  derivative^,^^'^^ 
we are now interested in an accurate description of the electronic and geo- 
metric structures of 1.2-dithiole-3-thiones A and 1,2-dithiole-3-0nes B 
together with a convenient and rapid means to obtain QSAR. 

These compounds have already been the subject of quantum calcula- 
t i o n ~ . ~ * ~ * ~ ~ * ~ ~ ~ ~ ~  From the standpoint of performing such calculations eas- 
ily and rapidly, it is a worth noting that the recent finding with the semi - 
empirical PM3 method l3  based on the NDDO approximation and used in 
the framework of the MOPAC 6.0 programI4 leads to a satisfactory predic- 
tion of the dipole moment values of 5-phenyl and 5 p- methoxyphe- 
nyldithiolethiones and those of the corresponding 1,2-dithiole-3-ones. 
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MNDO-PM3 METHOD 29 

This is the reason why it seemed interesting to investigate further the effi- 
ciency of this rapid method. 

The above finding indicates that it is very likely that both the geometric 
parameters and electric charges of the ground states of these derivatives 
are satisfactorily calculated by the PM3 method. It does not however prove 
that the method is as satisfactory for dithiolethiones other than those sub- 
stituted by a phenyl group in position 5. To answer this question, we 
decided on the one hand to compare the calculated dipole moments (with 
PM3 method) of a lot of variously substituted dithiolethiones and dithiolo- 
nes with their experimental ones. 15916*17* '8 ,19  In this work, new experi- 
mental dipole moment values were determined in benzene. On the other 
hand, the experimental bond lengths of some dithiolethiones previously 
determined by X-ray 20721*2223 were compared with their calculated values 
using PM3. Finally, charge distributions determined by the PM3 method 
were compared with those determined by ab initio HF/6-3 1 G* calcula- 
tions and by more elaborate methods: D R  B3LYP-6-31Gd and DFT 
B3LYP-63 lGdp which take into account the electronic correlation. 

Validation of the PM3 calculation method may provide, of course, a 
wealth of new information concerning the structural features of dithio- 
lethiones. 

RESULTS AND DISCUSSION 

1) Dipole moments 

The results obtained for dithiolethiones and for dithiolones are mentioned 
respectively in tables I and 11. 

It appears that the dipole moments determined experimentally in this 
work are in good agreement with those already obtained in other laborato- 
ries for the same dithiolethiones (derivatives 8, 9, 13, 15) except for the 
parent product 1. However, the fact that the experimental conditions which 
prevailed for the study of this product 1 are unknown must be noted. '* 

Dipole moments, calculated for the minimized-energy conformation by 
the PM3 method, are quite in agreement with the experimental ones. 
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MNDO-PM3 METHOD 33 

TABLE 11 Experimental and calculated (PM3 method) total dipole moments of some 
I .2-dithiole-3-ones B 

C6H5 C6H5 3.9616 3.96 

H C6H5 4.2916 4.30 I s  4.19 

H pCH3-C6H4 4.3016 4.63 

H pCH3O-C6H, 4.91'65.14 l5 5.29 l 9  4.93 

H pCI-C&d 2.82 l6  

H pBr-C6H4 3.1116 

pCH3-C6H4 H 3.63 l 6  

CbH5 H 3.22 l 6  

3.3 I 

2.97 

3.45 

3.20 

3.92 l 6  3.53 

3.3615 3.2216 3.89 

Results found using the PM3 method indicate that the hybridization 
moments due to the occurrence of atomic dipoles represent an important 
part of the total dipole moment. This is in agreement with the well known 
fact that atomic dipole moments are large.24 The weakness of p, compo- 
nent values for all dithiolethiones except for the functionalized ones (Table 
I) is the result of geometry optimization which gives a nearly planar struc- 
ture. 25.26 Directions of the total, 7c. 0 and atomic dipole moments in the 
x,y plane calculated by the PM3 method for compound 1, some alkyl and 
phenyldithiolethiones are given in scheme 1. 

2) Geometric structure 

Calculated and experimental (determined by X-ray) bond length values of 
dithiolethiones 120, 221, SZ2, 923 and 1322 are mentioned in scheme 2. 

As shown in this scheme there is good coherence between experimental 
and calculated PM3 values except for the c 3 - s 6  bond for which we have 
systematically a difference of about 0.1 A (see below). For compound 13, 
the value of the calculated PM3 dihedral angle @5,4,7,8 = 80" between the 
two planes is confirmed by the experimental one ( @ ~ , ~ , ~ , 8  2 70"). 

Likewise, the PM3 calculation gives a nearly planar conformation for 8 
(@,,4.7,8 G I") when the X-ray measurements show a weak twisting 
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34 M. CHOLLET-KRUGLER er al. 

/+' 

C H L  
2 

=. 

8 

13 

SCHEME 1 Direction of total, x ,  (T and atomic dipole moments of some 1.2-dithi- 
ole-3-thiones (PM3 method) 

(2 30"). Therefore we can consider that the aryl rest and dithiole nucleus 
are roughly in the same plane for compound 8 and anticoplanar for com- 
pound 13. The lack of conjugation between the dithiole and the phenyl 
groups for compound 13 and, hence, the existence of a dihedral angle of 
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MNDO-PM3 METHOD 35 

1 2 

8 
O,,j,,,a= 0.8" (29.4O) 

9 

Or.4.7.63 82.6O (67.4') 
13 

SCHEME 2 Comparison of the calculated PM3 bond lengths (A) of dithiolethione 1. 2, 8. 9 
and 13 with experimental data in parenthesis 

the order of 90" between them had been indirectly evidenced previously 
after measurements of waterh-octanol partition coefficients of dithio- 
lethiones. 7*27 Partition coefficients can indeed be predicted with some 
accuracy by addition of the partition coefficient values of the fragments of 
the molecule under consideration. When there are supplementary physical 
or chemical effects, the additivity rule can no longer be applied. This is an 
indirect way to detect such effects. In the 4-phenyl dithiolethione 13, it 
was found that the additivity rule was respected and, hence, that conjuga- 
tion between the two nuclei was not effective. 
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36 M. CHOLLET-KRUGLER et al. 

The efficiency of the PM3 method may be scrutinized by comparison 
with the results J. Fabian and K. Herzog obtained by more elaborate calcu- 
lations such as DFI' (B3LYP/631G(d)) and ab initio (MW6-31G*).12 
Our results concerning bond length values for 1,2-dithiole-3-thione 1 cal- 
culated by the PM3 method and ab initio (HF/6-31G*)28 together with 
those calculated by J. Fabian and K. Herzog are mentioned in Table 111. 
We can note a good correlation between the PM3 calculation values and 
those performed with the help of the other theoretical methods for all the 
bond lengths except for the c3-s6 bond for which a discrepancy exists 
[ 1.57 A (PM3), 1.63 A - 1.65 A (ab inirio and DFI' methods) and 1.67 A 
(experimental)] Maybe there is some lack of reliability of the PM3 method 
there. 

TABLE 111 Comparison of calculated D R  (B3LYP). ab inirio MP2 (6-31G') and ab inirio 

HF (6-31G') bond lengths of 1,2-dithiole-3-thione 1 with calculated PM3 values 

H 

PM3" 631G' (HFP 6 3 1 G *  (MP2)b  DFT(B3LYP)b 

s -s* 2.076 2.070 2.075 2.112 

s2-c3 1.77 I I .753 1.763 I .778 

c3-c4 1.455 1.450 I .437 1.441 

c4-c5 1.352 I .332 I .357 1.355 

CSSI 1.726 1.735 1.721 1.739 

c3-s6 1.57 I I .634 1.645 1.655 

a. our results 
b. J. Fabian and K. Herzog calculation resultsI2 

3) Charge distributions 

Charge densities calculated by the PM3 method provided a very surprising 
result: contrary to what has often been stressed in the literature the total 
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MNDO-PM3 METHOD 31 

electronic charges of carbons 3 and 5 of dithiolethiones were not more 
positive than those of carbon 4. They were even found to be more nega- 
tive. This is in contradiction with the well known fact that nucleophilic 
reactions performed upon dithiolethiones result from an attack on carbon 
atoms 5 or 3.25*26 This contradiction was also evidenced and even ampli- 
fied by an ab initio calculation performed with a 6-31 G* basis and by 
“higher-level” DFT (B3LYP/6-3 1Gd and B3LYP/6-3 1Gdp) calculations 
as Table IV gives the results obtained with the parent dithio- 
lethione 1. 

TABLE IV Net charge distributions and dipole moments of 1.2-dithiole-3-thione 1 calculated 
by PM3. ub inirio HF (631G’). DIT (B3LYP/6-3IGd) and DIT (B3LYP/6-31Gdp) 
methods 

PM3 631G’(HF) B3LYP/63 I Gd B3LYP/63lGdp 

S, 0.141 0.156 0. I50 0. I49 

Sz 0.105 0.215 0. I83 0. I84 

C3 -0.176 -0.245 -0.233 -0.240 

C j  -0.161 -0.131 -0.033 0.016 

c5 -0.212 -0.366 -0.330 -0.284 

s, -0.01 -0.157 -0.143 -0.142 

k ( D )  3.27 4.42 4.12 4.12 

Gonbeau et a1 29 had already found such a surprising result with the par- 
ent dithiolethione 1 after an spd CND0/2 calculation. However, this result 
was only found in the framework of the spd approximation. With sp and 
spd* ones, calculations gave total electronic charges on carbon 3.4 and 5 in 
agreement with the reactivity of dithiolethiones. Any way, all these results 
concerning the charges of carbon 3 and 5 deserve further studies in the 
field of the mechanisms of nucleophilic attack of dithiolethiones. Still con- 
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38 M. CHOLLET-KRUGLER er al. 

cerning the calculated charges, it is worth noting that the methyl groups in 
position 4 and 5 in dithiolethiones 2, 3 and 4 exhibited nearly the same 
global charges (Scheme 3): 

SCHEME 3 Charges of the methyl groups in 5 and 4 methyl dithiolethiones (PM3 calcula- 
tion) 

However, it is known that only methyl and methylene groups in position 
5 of dithiolethiones exhibit a pseudo acidic ~haracter.~' Character, which 
hence cannot originate from the positive charges of the hydrogen atoms of 
the methyl groups. This explanation has already been given for some 
derivatives of other heterocycles series exhibiting activated methyl 
 group^.^' Likewise, the two juxtanuclear methylene groups of dithio- 
lethiones 5 and 6 have similar positive charges while only that in position 
5 is activated. The difference of acidity between 5 or 4 methylene or 
methyl groups of dithiolethiones may be ascribed to a particular stability 
of the corresponding conjugated carbanions. 

4) Functionalized dithiolethiones 

The fairly good results using the PM3 method allowed us to use it to calcu- 
late electronic and geometric parameters. 

Concerning the 5-acetyldithiolethione 18, the calculated dipole moment 
(PM3 method) was studied in detail by varying the @1,5,6,~ dihedral angle 
between the thione and acetyl groups (Table V). 

We note a very low energy difference between the four studied confor- 
mations. The calculated dipole moment (p = 2.56 D) is close to the experi- 
mental one only when.the dihedral angle is equal to 40". Hence, we can 
conclude that component 18 in benzene solution takes part in the confor- 
mation in which the thione and carbonyl groups are antiparallel and 
slightly out of the dithiole plane. 
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TABLE V Calculated dipole moments p 
of the acetyl group rotation versus the dithiolethione plane 

cDlc and Final Heat of Formation HFr after study 

40 31.41 2.56 ’$& 90 30.44 3.17 

180 (C=O cis) 30.89 3. I4 
CH3 H 

18 

The calculated and experimental dipole moment values of 
4-cyano-5-methyldithiolethione 21 greatly differ. A supplementary polari- 
sation dipole moment may occur in this molecule. It would originate prob- 
ably from a resonance effect accounted for by the following scheme: 
involving a donor effect from the dithiole nucleus toward the electroattrac- 
tivre group in position 4. 

21 

This “Push-pull” effect has already been pointed out. It is even more 
striking in the first excitated state of these derivatives. This has been evi- 
denced previously by CNDO/S-CI calculations performed for 5-phenyl 
dithiolethiones and dithi~lones.~ Hence, it appears that the PM3 method 
does not account enough for this effect. It is also interesting to note that ab 
initio (6-3 1 G*) and DFT (B3LYP-6-3 1Gdp) calculations confirm this 
analysis and underscore the “Push-pull” effect in compound 21 (scheme 
IV). Ab initio (6-3 1 G*) and DFT (B3LYP-6-3 1Gdp) calculations give 
respectively a dipole moment value of 6.25 D and 5.85 D which exceed 
the experimental one (5.40 D). 
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40 M. CHOLLET-KRUGLER ef of. 

Such a supplementary polarisation dipole moment may also exist in the 
two carboxylic acids 19 and 20 but considering the experimental dipole 
moment values it is appreciably less marked than in the cyano derivative. 
This is in agreement with the intensities of the withdrawing effects of 
cyano and carboxylic groups. It is interesting to note that PM3 calculations 
give a minimum of energy for acids 19 and 20 for conformations in which 
the carboxylic groups and the dithiole nucleus are not coplanar. For deriv- 
ative 19 the dihedral angle C 3 C 4 C 0  is -56" and for compound 20 +73". 
This explains why the calculated p, components are respectively -2.18 D 
and 1.01 D (table I). Incidentally, it may be remarked that there exists no 
significant difference of dipole moment values between these two deriva- 
tives although we evidenced a significant difference of their pK,value in 
water, derivative 20 being the more acidic.32 

= 4.16 D klC. = 6.25 D kn = 5.85 D 
(A!~-+1.24D) (AP - 0 . 8 5  D) (AP - -0.45 D) 

pq = 5.40 D f 0.30 D 

SCHEME 4 Total electronic charges and bond lengths (in itallic) of the dithiolethione 21 
computed with PM3. ab inifio ( 6 3 1  G' basis) and D R  (B3LYP-631Gdp) methods 

Finally, the behaviour of 4-acetyl-5-methyldithiolethione 22 is abnormal 
since it exhibits a measured dipole moment value weaker than the one cal- 
culated by the PM3 method. The calculated value (4.04 D) obtained by the 
6-31G* ab initiu method is also greater than the experimental one. 
Scheme V mentions the bond lengths and the total electronic charges of 
dithiolethione 22 calculated by the PM3 and the ab iniriu 6-3 lG* meth- 
ods. This result is obtained despite the presence of a strong attractive 
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group in position 4. It can be inferred from it that unlike in the preceding 
4-cyano-5-rnethyldithiolethione there is some lack of conjugation between 
the carbonyl and the dithiole groups. PM3 and ab initio 6-31G’ calcul- 
tions support this view since at the minimum of energy the dihedral angles 
C3C4C0 exhibited the values -98” and 40”. Besides, dithiolethione 22 is 
endowed with a pz component of -2.18 D. Interestingly, to support further 
this view, 5-rnethyldithiolethione 3 and 4-acetyl-5methyldithiolethione 22 
exhibited nearly the same dipole moment value. 

calcult 

I 1110 

ppMl=4.15D 
(Ap = -0.4 I D) 

kclie = 4.04 D 
(Ap = -0.30 D) 

pexp = 3.74 D f 0.07 D 
SCHEME 5 Total electronic charges and bond lengths (in itallic) of the dithiolethione 22 
computed with PM3 and ab inifio (6-3 I G’ basis) methods 

EXPERIMENTAL 

Materials 

All dithiolethiones, but one, had been described in the literature. They 
were synthetized in the laboratory according to standard  procedure^.^^'^^ 
Their purity was checked by T.L. chromatography and by a careful melt- 
ing point determination. 

4-acetyl-5-methyl-l,2-dithiole-3-thione 22 
This derivative was obtained by sulfuration of ethyl 2-acetylacetoacetate 
with phosphorus pentasulfide according to a standard procedure,33 Orange 
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42 M. CHOLLET-KRUGLER er al. 

crystals; mp 89-90°C (hexan); v,,,/cm-l 1684 (C=O); d z  (EI): 189.959 
(calc. for C6H60S3: 189.958). 

Dipole moment measurements 

Dipole moments of compounds as solutes were measured in anhydrous 
benzene at 25.00 +. 0.05"C. Permittivity and refractive index of solutions 
were extrapolated to infinite dilution according to Guggenheim 34 and 
Smith.35 Permittivity was measured using a WTW DMOl dipolemeter 
with a DFLl cell while refractivity was measured using a OPL Abbe-type 
refractometer. 

The quantity (€12 - n:,) - ( E I  - n:) was plotted versus the molar 
concentration, C, of the solute. The slope of the curve at C = 0, was used to 
calculate the dipole moment, p, by: 

(€12 - nt,) - ( ~ 1  - n:) 
C 

X 
3 

(€1 + 2) - (nt + 2) 
X 

. 9kT 
4nN 

p2 = - 

where k is the Boltzmann constant, N is Avogadro's number, T is the abso- 
lute temperature, and ni are the permittivity and refractivity indexes, 
respectively of the solutes (index 1) and of the solutions (index 12). 

Theoretical calculations 

- The PM3 method was used for geometry optimizations and ground 
state properties: magnitudes of total moment dipoles together with 
their px, p,,, p, components were given directly by the PM3 method 
within the framework of MOPAC program. The method did not take 
into account the d orbitals of sulfur atoms. Hybridization moments 
were also given directly by the program. Magnitudes of n, (3 moment 
dipoles were calculated by an original program starting from the 
charge values given in the density matrix and from the optimized geo- 
metric parameters given also by PM3 calculation. Reference axes were 
chosen as represented below: 

- Ab initio calculations were performed with a basis 6-3 1 G*. 
The 6-31 G* basis set (with d functions added to heavy atoms) is 

becoming very common for calculations in which up to the medium-sized 
systems are involved. This basis set is particularly efficient for the calcula- 
tion of interatomic distances2' 
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- DFT(B3LYP) 

The calculations were carried out with the Gaussian 98 programz8 using 
the B3LYP 36 gradient corrected density functional with the 6-31Gd and 
6-3 1 Gdp basis sets. The introduction of gradient corrected density func- 
tional allows to significantly improve the accuracy of numerical results. 
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