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The ab initio SCF method was applied to a conformation study of thiocarbamic acid. The 3-21G 
calculations revealed that the trans isomer with the O-H"'S intramolecular hydrogen bond 
is more stable than the cis isomer. The calculated rotational barrier for the rotation about the 
central C-N bond is very high, 125'5 kJ mol- 1 ; this value, however, decreased to 106·2 kJ . 
. mol- 1 by electron correlation determined at the 2nd order Moller-Plesset perturbation level. 
Proton affinities for the protonation of the electronegative atoms in the acid increase in the 
order of the atoms N, 0 and S. Changes in the Mulliken gross atomic populations are examined 
in dependence on the configuration and protonation of the acid. 

The conformation and protonation properties of and hydrogen bonds in carbamic 
acid and its alkyl, vinyl and aryl substituted derivatives have been studied pre­
viously1-4 using ab initio SCF calculations at various levels. In this work we examine 
how the conformational properties of the carbamate group are affected by replace­
ment of the oxygen atom in the carbonyl group by a sulfur atom, namely, by ap­
plying the calculations to thiocarbamic acid. The energies of protonation of the 
electronegative atoms in this compound are also calculated. 

CALCULATIONS 

The equilibrium geometries, rotational barriers and proton affinities were calculated 
by the ab initio SCF method. Similarly as previously4, the protonation energies 
were calculated for the completely optimized geometries of the two neutral as well 
as protonated species. Protonation perpendicular to the molecular plane was con­
sidered for the optimization of the form ionized at the nitrogen atom (dihedral 
angle cP(Sl C2N3HS) = 90°; for the atom labelling see Fig. 1). The remaining 
structures were optimized with the Cs symmetry preserved. The gradient opti­
mization technique was applied using the 3-21G basis5 ,6; during the study of the 
equilibrium geometry of carbamic acid2, this basis gave results comparable with those 
obtained with the more extended 6-31G* basis. The correlation energy was calculated 
using the 2nd order Moller-Plesset (MP2) perturbation theory7,s. The rotational 
barriers with respect to rotation about the C-N bond were determined as the energy 
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differences between the planar equilibrium geometry and the optimized orthogonal 
structure with the dihedral angle <P(Sl C2N 3H4 ) = 90°. The calculations were per­
formed on an EC 1045 computer using the GAUSSIAN 80 program9 • 

RESULTS AND DISCUSSION 

The hydrogen atom of the hydroxy group in thiocarbamic acid can be cis or trans 
with respect to the nitrogen atom (Fig. 1.). The optimized geometries of the two 
configurations are given in Table 1. The data demonstrate that the C-N and C-O 

bonds are longer in the cis form than in the trans form, whereas the C=S bond is 
somewhat (1'0 pm) shorter in the former than in the latter form. The N-H and 
O-H bond lengths are nearly the same in the two forms. The bond angles also 
differ considerably: the N 3C20 6 angle is 4·8° and the C20 6 H7 angle, 4·5° larger 
in the cis form than in the trans form, whereas the N 3C 2S1 and C2N3HS angles are 

TABLE! 

Optimized geometries of trans and cis thiocarbamic acid (with respect to the nitrogen atom) 

Bond 
length 

transa 

pm (j) = 0° (j) = 90° (j) = 0° (j) = 90° 

C2S1 172-3 168·3 171·3 166·6 
C2N 3 13l-3 138·2 133·0 139·9 
C20 6 133'7 133'4 134·1 134·2 

N3H4 99·9 99·6 99·9 99·8 

N3HS 99'7 99'6 99·8 99·8 

°6H7 96·7 96·8 96'8 96·9 

Bond transa 

angle 
deg (j) = 0° (j) = 90° (j) = 0° (j) = 90° 

N 3C2S1 125'6 125-8 132'0 125-4 
N 3C20 6 Ill·8 112-8 116'6 114'5 
C2N3H4 119·9 120·3 123·7 120·4 

C2N 3HS 120·2 120·3 118'5 120'4 
C20 6 H7 112·1 112·9 116'6 112·2 

- ESCF (a.u.): a trans, (j) = 0°: 563'566; trans, (j) = 90°: 563'519; b cis, (j) = 0°: 563'546; cis, 
<P = 90°: 563'513 (1 a.u. = 2625'50 kJ mol- 1). 

He , , , 

FIG. I 

Structure of and atom labelling in thio­
carbamic acid 

Collect. Czech. Chem. Commun. (Vol. 54) (1989) 



Protonation of Thiocarbamic Acid 299 

smaller in the cis form than in the trans form. The major differences are clearly due 
to the steric repulsion between the hydrogen atoms in the cis conformer. 

For investigating the effect of the bond rotation on the geometry, the equilibrium 
geometries of the orthogonal conformers (dihedral angle CP(H4 N 3 C2 SI) = 90°) of 
the two isomers were also calculated (Table I). The two conformers represent the 
transition state for the rotation about the C-N bond. The disturbed conjugation 
between the C-N and C=S bonds in the two orthogonal structures is associated 
with a C=S bond shortening and an appreciable (6'9 pm) C-N bond lengthening. 
The differences in the bond angles between the orthogonal conformer and the planar 
trans conformer are negligible (Table I), whereas for the cis form the rotation about 
the C-N bond is associated with considerable changes in the bond angles, whose 
values approach those calculated for the transition state of the trans form. 

According to our 3-21 G calculations, the trans form of thiocarbamic acid is more 
stable than the cis form (Table I), similarly as for carbamic acid2 • The energy dif­
ference in the stability of the transition states of the two forms is only 16·4 kJ mol- 1, 

whereas the differences in the energies of the planar cis and trans forms is exceedingly 
high, viz. 53·3 kJ mol- I (by 3-21Gjj3-21G calculation) or 50'1 kJ mol- 1 (by MP2j 
j3-21Gj/3-21G calculation). Inclusion of electron correlation reduces this cis-trans 
energy difference by mere 3·2 kJ mol-I. For carbamic acid, the energy difference 
between the cis and trans forms is slightly lower, viz. 44·7 kJ mol- I (3-21Gjj3-21G 
calculation). The higher stability of the trans form ofthiocarbamic acid in comparison 
with the cis form can be ascribed to the occurrence of the O-H"'S intramolecular 
hydrogen bond in the former (RS ••. H = 268·7 pm), which is stronger than the ana­
logous O-H' ··0 hydrogen bond in carbamic acid. A higher stability of the O-H"'S 
intramolecular hydrogen bond as compared to the O-H"'O bond has been also found 
by quantum chemical calculations for 1,2-benzenediol and 2-hydroxybenzenethioPo. 

The energy difference between the geometries of the planar and orthogonal struc­
tures of trans and cis thiocarbamic acid, considered as the barriers of rotation about 
the C-N bond, are given in Table II. The data in parentheses, obtained using the 
rigid rotor approximation, represent the upper limits of the barrier calculated using 
the same bond lengths and angles for the planar and orthogonal conformers. A con­
siderably higher rotational barrier emerges for the trans form (Table II). This barrier 
is lowered considerably, 15 to 20%, by electronic correlation at the MP2 level; how­
ever, in view of the small dimension of the basis used, this effect of the electron 
correlation on the rotational barrier height can be only regarded as a crude estimate. 
3-21G calculation for trans carbamic acid2 gave a value of 88·6 kJ mol-I; hence, 
replacement of the oxygen atom in the carbonyl group by sulfur brings about stabiliza­
tion of the planar conformer as compared to the orthogonal conformer. Of simpler 
thiocarbamates, the rotational barrier has been determined by NMR spectroscopic 
measurements for methyl-N,N-dimethyIthiocarbamatell ; the barrier height values 
lay between 72 and 85 kJ mol- I according to the data handling procedure used. 

Collect. Czech. Chem. Commun. (Vol. 54) (1989) 



300 Remko: 

Proton Affinities 

Proton affinities for the protonation of thiocarbamic acid are given in Table III. 
Protonation of the C=S group can occur in both the cis and trans positions with 
respect to the nitrogen atom (Fig. 1). Since ab initio calculations for the analogous 
protonation of the carbonyl group oxygen in carbamic acid4 revealed that the cis 
form is the more stable one, protonation of the C=S group in thiocarbamic acid 
is studied for the cis form only in this work. The proton affinities P A for the protona­
tion of the nitrogen, oxygen and sulfur atoms in this compound increase in order 
P A(N) < P A( 0) < P A( S). The absolute values of the gross atomic negative charges 
decrease in this order, viz. -0'888, -0,701 and -0,098 e for N, 0 and S, respectively. 
Thus, protonation at a less electronegative atom leads to a more stable ion. Although 
the sulfur atom in the C=S group is the most suitable site for protonation of the 
thiocarbamate group, the absolute proton affinity value for this atom (Table III) 
is lower than that for the protonation of the oxygen atom of the C=O group in 
carbamic acid4 (864'1 kJ mol-I by 3-21G!!3-21G calculation). 

Since protonation can result in appreciable changes in the geometry, particularly 
in the vicinity of the protonation site, the geometries of the ionized forms of thio­
carbamic acid were also optimized (Table IV). The major effect of the C-X' ··H 
protonation (X = N, 0, S) is a considerable lengthening of the C--X bond. The 

TABLE II 

Ab initio calculated rotational barriers (in kJ mol-I) for the cis and trans isomers of thiocarbamic 
acid (with respect to the nitrogen atom) 

Isomer 

Trans 

Cis 

3-21G/ /3-21G" 

125·2 (139'9) 

88'3 (104'0) 

MP2/3-21G/ /3-21G 

106·2 

69'2 

" Barriers calculated by using the rigid rotor approximation are given in parentheses. 

TABLE ill 

Ab initio calculated proton affinities for the protonation of thiocarbamic acid 

Protonation site (atom) 

Proton affinity, kJ mol-I 

Nitrogen 

638·8 

Oxygen 

706·3 

Sulfur 

807'2 
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values of the X .. ·H length increase in order R(OH) < R(NH) < R(SH). The N-H 
and O-H bond lengths are only slightly affected by the protonation. Bond angles 
are subject to higher or lower changes in the various protonated species according 
to the protonation site. 

TABLE IV 

Optimized geometries of protonated thiocarbamic acid species 

Bond Protonation sitea Bond Protonation site" 
length angle 

pm N ° S deg N ° S 
-------_ ... 

C2S1 163-0 164-4 179·9 N 3C2S1 121-4 137·3 125-9 
C2N 3 152-5 129-9 128-5 N3C2 0 6 104-0 108-8 115-9 
C20 6 130'7 153-2 130-1 C 2N 3H4 119-1 125-6 118·6 

N3 H4 102·7 100·3 100·9 C 2N 3HS 120'0 118-2 124·3 

N3 HS 102'5 100·6 100-2 C2 0 6 H7 117·4 114'3 120-6 

°6H7 97-4 98·2 97-2 C2N 3HS 91-9 

N3 HS 106'3 C20 6Hs 128·2 

°6 HS 97-9 C2S1Hs 98-3 
SlHs 134-9 

a _ E CSF = 563-810, 563-836 and 563-874 a_u., respectively (1 a.u. = 2625·50 kJ mol-I). 

TABLE V 

Gross atomic charges calculated for thiocarbamic acid and its protonated species 

Thiocarbamic acid Protonated species 
Atom 

trans" cisa N ° S 

SI -0-098 -0'042 0·386 0-326 0-402 
C2 0'444 0'433 0-229 0'326 0-573 
N3 -0-887 -0'899 -0-853 -0-904 -0-863 
H4 0-388 0-361 0·485 0-425 0·458 
H5 0·402 0·409 0-484 0·462 0-440 
06 -0,701 -0'667 -0,674 -0-719 -0-665 
H7 0·452 0-405 0-506 0-554 0'505 
H8 0·437 0-531 0-150 

a With respect to nitrogen atom. 
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Charge Distribution 

The 3-21G gross atomic charges for trans and cis thiocarbamic acid and its ionized 
forms are given in Table V. The higher stability of the trans form with respect to 
the cis form is ascribed to the occurrence of the intramolecular hydrogen bond in 
the former. Since formation of hydrogen bonds is associated with changes in the 
Mulliken gross electronic population10,12,13, changes in the atomic populations of 
atoms involved in the S'" H-O hydrogen bond are of particular interest. The two 
electronegative atoms, sulfur and oxygen, possess higher negative charges in the 
trans isomer, whereas the H7 hydrogen has a lower electron density than in the cis 
form. Such atomic redistribution being characteristic of the formation of inter­
molecular or intramolecular hydrogen bonds12 ,13, the data obtained confirm the 
occurrence of the C=S"'H-O four-membered ring intramolecular hydrogen bond 
in the trans form of thiocarbamic acid. 

Protonation brings about a considerable charge redistribution in the acid (Table V). 
The highest change is observed at the sulfur atom, which is slightly electronegative 
( - 0·098 e) in the nonionized acid and highly electropositive in the three protonated 
forms; invariably, negative charge is transferred from the acid to the proton, the 
charge transfer being highest in the case of protonation of sulfur. 

REFERENCES 

1. Remko M., Van Duijnen P. Th.: J. Mol. Struct., Theochem 105, 1 (1983). 
2. Remko M., Scheiner S.: J. Mol. Struct., Theochem 180, 175 (1988). 
3. Remko M., Scheiner S.: J. Mol. Struct., Theochem 181, 19 (1988). 
4. Remko M.: Collect. Czech. Chern. Commun. 53, 1141 (1988). 
5. Binkley J. S., Pople J. A., Hehre W. J.: J. Am. Chern. Soc. 102, 939(980). 
6. Gordon M. S., Binkley J. S., Pople J. A., Pietro W. J., Hehre W. J.: J. Am. Chern. Soc. 104, 

2797 (1982). 
7. Binkley J. S., Pople J. A.: Int. J. Quantum Chern. 9, 229 (1975). 
8. Pople J. A., Binkley J. S., Seeger R.: Int. J. Quantum Chern., QCHS 10, 1 (1976). 
9. Binkley J. S., Whiteside R. A., Krishnan R., Seeger R., De Frees D. J., Schlegel H. B., 

Topiol S., Kahn L. R., Poplc J. A.: Gaussian 80, QCPE 437. Bloomington, Indiana 1980. 
10. Remko M.: Chern. Papers 29, 521 (1975). 
11. Martin M. L., Mabon F., Trierweller M.: J. Phys. Chern. 85, 76 (1981). 
12. Kollman P. A., Allen C. L.: Chern. Rev. 72,283 (1972). 
13. George P., Bock Ch. W., Trachtman M.: J. Mol. Struct., Theochem 92,109 (1983). 

Translated by P. Adamek. 

Collect. Czech. Chem. Commun. (Vol. 54) (1989) 




