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Quantum-chemical study of possible structural transformations 
in 3-methylthio-3-phenyl-2-propenethial 
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The plausible formation of 3-methylthio- 1 -phenyl-2-propene- 1-thione and 3-methylthio- 
3-phenyl-2-propenethial in the reaction of 3-methylthio-3-phenyt-2-propene-t-N,N- 
dimethyliminium iodide with hydrogen sulfide was shown in the framework of serniempirical 
AMI and PM3 methods. In polar media, these products can be trimerized into four types of 
structures. The kind of trimer depends on the shift of the equilibrium in the 3-methylthio- 
3-phenyl-2-propenethial -~ ~ 3-methyltNo-l-phenyl-2-propene-l-thione mLxture. Each 
of the four types of trimers is characterized by the presence of three nearly planar six- 
membered pseudo-chelate rings. The possibility of obtaining derivatives of 1,2-dithiolane 
(the basic fragment of lipoic acid) from the reaction products in nonpolar solvents was 
considered. 

Key words: quantum-chemical calculations, AM I and PM3 methods; conformation; 
3-methylthio-3-phenyl-2-propenethial, trimerization, dithiolane, solvent polarity. 

The interaction of 3-methylthio- 3-phenyl-2-propene- 
l -N ,N-d imethy l imin ium iodide ( I )  with hydrogen sul- 
fide in anhydrous D M F  at - 6 0  ~ proceeds with a loss 
o fd imethy lammonium iodide and the formation (in situ) 
of a mixture of  3-methyl th io-3-phenyl-2-propenethia l  
(2a) and 3 -methy l th io -  1 - p h e n y l - 2 - p r o p e n e - l - t h i o n e  
(2b), in which product 2a 1 is predominant  (Scheme 1). 

Scheme 1 
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The compound is rapidly transformed into a slightly 
colored stable trimer. Depending on the position of  the 
equilibrium in the 2a -, "~ 2b mixture, the formation 
of four kinds of  trimers 3a - -d  is possible (Scheme 2). 

To date, o~lly t r imer 3a has been successfully isolated 
and studied. 1 Each of  the four trimers 3a - -d  has rich 
structural features for in t ramolecular  conforrnational 
sigmatropic rearrangements to occur, finally leading to 
interesting tricyclic compounds in prototropic media.  
Phenyl substituents in compounds 3 play, to a certain 
extent, the role of  a sterically shielding factor. 

The mechanism of formation of  compounds 2 and 
their plausible trimerization into structures 3 a - - d  has 
been little studied. This is mostly associated with diffi- 
culties of  conducting experimental  kinetic studies, since 
the interaction of  compound 1 with hydrogen sulfide in 
the liquid phase can simultaneously proceed via several 
competing routes. Additionally, this reaction is extremely 
sensitive to temperature and microimpuri t ies .  1 Hence,  a 
quantum-chemical  consideration of  this reaction seems 
to be promising. 

The main objective of this publ icat ion is to study 
intramolecular transformations o f  compounds 2a and 2b 
and the 2a ~ 2b equil ibrium in the gaseous phase 
and in media of  different polarities.  The results were 
obtained within the framework of  the semiempirical  
AM1 z,3 and PM34 approximations.  Saddle points on the 
potential energy surface (PES) in calculations of  transi- 
tion states in the gaseous phase were determined using 
the only negative eigenvalue of  the  matrix of  the second 
derivatives with respect to the geometr ic  parameters.  
The solvent effect was est imated according to the proce-  
dure reported in Refs. 5--7  using two parameters deter-  
mining properties of  the solvent, dielectric permeabi l i ty  
(s) and an empirical constant (c) independent  of  the 
kind of atoms. All given quan tum-chemica l  characteris-  
tics are referred to the A M I  method unless otherwise 
specified. 

The intramolecular  1,5-sigmatropic migration of  the 
methyl group, which is a crucial  act of  2a ~ = 2b 
transformation, depends on the initial conformations of  
compounds 2a and 2b. As can be inferred from the 
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results of the gas-phase quantum-chemical  investiga- 
tions, these compounds can exist in four stable confor- 
mations (Scheme 3). 

All gas-phase conformers I - - I V  (2a,b), irrespective 
of the computat ional  method used, are characterized by 
a nearly planar structure of the central S = C - - C = C - - S  
fragment (the out-of-plane deviations do not exceed 
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0.01 A). The only exceptions are the sulfur atoms in 
conformer IV, which deviate 7- -9  ~ in the opposite di- 
rections from the plane of  the central carbon fragment. 
For all conformations,  the plane of  the phenyl substitu- 
ent is almost perpendicular  to the plane of the molecular  
skeleton. 

The relative stability of  rotamers I - - I V  of  com- 
pounds 2a,b and their  main geometric parameters are 
listed in Table 1. Form IV with c/s-positioned thione 
and thiol sulfur atoms is the most stable form for 
molecules 2a and 2b. The key feature of  rotamers IV is 
the appreciably increased double bond character of  the 
thiol sulfur atom (the bond length is 0.05--0.06 A shorter 
than those in forms I - - I I I )  and the decreased double 
bond character of  the thione sulfur atom (the bond 
lengthening by 0.03--0.04 .&); appreciable distortion of  
bond angles, which cause shortening of  the interatomic 
S...S distance (Tables 1 and 2), and a corresponding 

Table I. Relative stabilities* (AE) of 
conformations I--IV of compounds 
2a,b 

Corn- Con- AE/kcal tool -1 
pound former AM1 PM3 

2a 

2b 

I 20.2 8.1 
II 25.0 13.4 
III 21.4 8.8 
IV 0.0 0.3 

I 19.6 9.3 
II 24.6 19.5 
III  19.3 6.8 
IV 0.1 0.0 

* With respect to the 
most stable rotamer. 

enemy of the 
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Table 2. Bond lengths in conformations I--IV of compounds 2a,b" 

Com- Con- Bond length/A 

pound former C(t)--C(2) C(2)--C(3) C(3)--Cipso(Ph) C(1)--S(4) C(3)--S(5) 

2b 

I 1,439 1.356 1.463 1.536 1.69 l 
(1.445) (1.352) (1.470) (1.568) (1.757) 

II 1.436 1.354 1.461 1.536 1.698 
(1.441) (1.353) (1.466) (l .570) (1.763) 

IlI 1.440 1.356 1.466 1.535 1.691 
(1.447) (1.353) (l.473) (I.567) (1.759) 

IV 1.394 1.386 1.461 1.612 1.623 
(1.406) (1.385) (1.462) (1.649) (l.736) 

I 1.348 1.448 1.473 1.656 1.550 
(1.346) (1.454) ( 1.479) ( 1.710) (t.588) 

1I 1.348 1.446 1.473 1.665 t.553 
(1.397) (1.465) (1.475) (1.760) (1.586) 

III 1.349 1.448 1.474 1.650 1.553 
(1.347) (l.455) (l.482) (1.712) (1.588) 

IV 1.387 1.405 1.461 1.625 1.611 
( 1.375) ( 1.418) ( 1.465) ( 1.721 ) ( 1.655) 

* Values obtained by the PM3 method are given in parentheses. 

Table 3. Bond angles in conformations l--IV of compounds 2a,b* 

Corn- Con- Bond angle/deg 

pound former C(l)--C(2)--C(3) C(2)--C(3)--C,p,o(Ph) C(2)--C(1)--S(4) C(2)--C(1)--S(5) 

2a l 124.8 122.7 [ 25.6 115.9 
(124.1) (122.4) (125.1) (I 16.9) 

II 129.1 125.6 131.7 115.1 
(130.0) (125.6) (132.8) (114.8) 

lII 124.4 119.7 125.6 120.2 
(124.7) (118.0) (125.1) (121.8) 

IV 118.7 119.2 119.5 115.4 
(116.9) (121.7) (115.1) (113.6) 

2b I 124.9 116.3 129.9 121.3 
(124.3) (116.1) (129.8) (121.2) 

II 128.3 117.7 126.2 120.8 
(I 32.9) (119.4) (I 32.4) (119.1) 

1II 123.1 113.2 130.5 125.0 
(122.8) (111.7) (129.7) (125.8) 

IV 118.4 1 I9.9 118.4 117.2 
(I 16.4) (119.4) (115.7) (113.4) 

* Values obtained by the PM3 method are given in parentheses. 

equalization of the carbon C(2)--C(1) and C(2)--C(3) 
bonds was also observed. 

As a result of this distortion of the geometry that 
caused equalization of the characters of the double and Corn- Form ,7 
ordinary, bonds, considerable redistributions of the charges pound C(1) C(2) C(3) S(4) S(5) C(Me) 

Table 4. Charge distributions in the central fragments of rota- 
tional forms I--IV of compounds 2a,b 

in the central fragments of the molecules (including the 2a 
methyl group) are observed (Table 2). A rather sharp 
increase in the polarity of the S - -CH 3 bond in rotamers 
IV makes this form close to the ionic form. This indi- 
cates that the 2a ,~ --- 2b transition most likely oc- 2b 
curs through rotamers IV, which is also confirmed by 
the quantum-chemical  model. Thus, the activation en- 
ergy of transition 2b --+ 2a with the initial and final 
steady states IV is equal to 39.9 kcal mol - l ,  while an 

I -0.167-0.194-0.179--0.009 0,274-0.373 
II -0.159 -0.205 -0.147--0.009 0.255 -0.368 
l l I  -0.176 -0.190-0.183 -0.003 0.269 -0.370 
IV -0.231 -0.196 -0.269 -0.081 0.710 -0.562 

I -0.259-0.221 -0.053 0.314-0.018-0.387 
II -0.301 -0.197-0.059 0.335-0.020-0.396 
IlI  -0.295 -0.230 -0.046 0.334-0.038 -0.392 
IV -0.406 -0.191 -0.12_5 0.716 -0,079 -0.571 
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activation energy of  64.8 kcal tool - l  corresponds to an 
analogous transformation with participation of conform- 
ers III .  

Such behavior of compounds  2a and 2b in the gas- 
eous phase suggests that t ,4-s igmatropic  rearrangement 
of form IV with the subsequent formation of highly 
reactive 1,2-dithiolane 8 (or a stable dithiolinium cation 9 
in the case of  el imination of  the methyl group) can in 
principle occur. It should be noted that according to the 
data of the PM3 approximat ion,  the corresponding 
1,2-dithiolane in the gas phase is ~4.5 kcal tool - l  more 
stable than rotamer IV. The AM 1 method also indicates 
a higher relative stability of  the former, however, only by 
1.5 kcal tool - i .  The activation barrier of the 1,4-sigma- 
tropic migrat ion of  the methyl  group is equal to 
47.8 kcal tool - t .  

Thus, production of  very interesting compounds, 
1.2-dithiolanes (which are a basic fragment of lipoic 
acid), from 3-methyl th io-3-phenyl-2-propeneth ia l  2a 
and 3 -me thy l t h io - l - pheny l -2 -p ropene - l - t h ione  2b is 
possible in the gaseous phase and, perhaps, in nonpolar 
solvents. Two important  biochemical  processes involv- 
ing a thiol-disulfide system, electron transfer and the 
generation of high-energy thioester  bonds, le,ll  are re- 
lated to this acid. Therefore, production of compounds 2 
with appropriate substituents can result in a new method 
for the synthesis of lipoic acid. The possibility of obtain- 
ing thiiranes from compounds 2 can not also be ruled 
out. 1,2-Sigmatropic rearrangement of  the methyl group 
(Scheme 4) is able to initiate this process. 
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It should be noted that the  activation barriers to 
rotational transformations of  compounds 2a (25.6, 10.9, 
8.4, and 27.6 kcat tool -~ for transitions II  --, IV, 
I I I  --, IV, I --* I I ,  and I --* I I I ,  respectively) and 2b (6. l ,  
26.8, 9.8, and 28.3 kcal tool - l  for the same transitions) 
show that the found stable forms should be spectro- 
scopically discernible. 

Calculations of the relative stability of  conformers 2 
taking into account the simulated effect of solvents of  

different polarities (s = I0; 20) to a certain extent level 
the results and reveal a tendency for the sequence of 
stabilities of forms I - - IV  to change as the polarity of the 
medium increases. At s = 10, this sequence is little 
changed: from W - - I - - I I I - - I I  (Table 1) to I V - - I I I - - I - - I I  
(with relative energies of rotamers of  0.0, 10.9, 17.5, and 
22.6 kcal mol -L, respectively) for compound 2a, and 
from I V - - I I I - - I - - I I  to t V - - I - - I I I - - I I  (with correspond- 
ing energies of 0.0, 9.6, 15.3, and 20.8 kcal tool -1, re- 
spectively) for compound 2b. The energy gap between 
rotamer IV and the form closest in stability is nearly 
halved (see Table 1). 

The results obtained by the PM3 method are charac- 
terized by the same order in the stability of  the conform- 
ers as that obtained by the .~M 1 method; however, the 
energy gap between the two most stable forms nearly 
disappears (0.4 and 1.2 keal tool -x in favor of rotamer 
IV of compounds 2a and 2b, respectively). An increase 
in the polarity of the simulated solvent from ~ = 10 to 

= 20 results in the following change in the sequence of 
the relative stabilities of conformations I - - IV:  I I I - - I V - -  
I - - I I  (0.0, 3.2, 3.7, and 14.8 kcal tool -1. respectively) 
for compound 2a, and I - - I V - - I I I - - I I  (0.0, 2.8, 5.6, and 
18.2 kcal mol - i ,  respectively) for compound 2b. Thus, 
the solvent effect manifests itself not only in decreasing 
the differences in the stability of conformers, but also in 
changing the most reactive form. 

To obtain elementary information on the channels of 
trimerization of compounds 2a,b, we considered all 
plausible schemes of the reaction: 

j 2ai + (3 - ./3 2hi - )  3 (/) + att/, 

where j is the number of  allowed combinations taking 
the values 3, 2, I, and 0, while parameter  I maps this set 
one- to-one onto structures 3a, 3e, 3d, and 3b, and i is 
the rotational form of the systems 2a and 2b. 

Analysis of  the obtained AH/ values allowed us to 
select the trimerization routes that are the most probable 
according to the model given: 

3-2a 3 ~ 3a + 107.3 kcal mol - l ,  

3 .2b z ~ 3b + 103.7 kcal tool - l ,  

2 .2a  3 + 1 �9 2hi --* 3c + 86.5 kcal tool -1, 

l - 2 a  3 + 2-2b I ~ 3d + 78.5 keal mol-k 

Of course, similar consideration of the reaction channels 
says nothing about the reaction mechanisms; neverthe- 
less, it gives a basic idea of  the most probable rotational 
forms participating in trimerization. 

As noted above, trimers 3 a - - e  are extremely mobile 
conformationally; this results in the appearance of a 
large number of local minima on the PES of  configura- 
tional transformations. However,  several common fea- 
tures are inherent in the most stable states of  all consid- 
ered compounds 3a--d.  The central s ix-membered frag- 
ment has a chair shape; each of  the three sulfur atoms of 
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this cycle is bonded by a weak hydrogen S. . .H--C--S 
bond to the substituent of the adjacent atom, so that a 
nearly planar s ix-membered pseudo-chelate ring is 
formed. The interatomic S...H distance is 2.7--2.9 A. 
The phenyl substituents tend to become perpendicular 
to the plane of the pseudo-chelate cycle. 

This work was financially supported by the Russian 
Founda t ion  for Basic Research (Project No. 
95-03-008615a). 
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