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ARTICLE INFO ABSTRACT

Article history: The new derivatives d&aryl (trichloroacetyl) carbamothioate were prepared
Received! October 2020 a twocomponent reaction of-8aphthalenethiol or thiophenol derivatives
ig‘gg"{:g é%rszgéséelgggra%ggecember 2020 richloroacetyl isocyanate in GBI, at room temperature at high yields. -
Availgble onlinel Januan2021 reaction was a simple and efficient procedure with high yield and available

materials in a short time for the synthesis of these compounds that no side r
were observed. The structures of the prodwetis confirmed by IRSH NMR, 13C
NMR spectroscopy, and elemental analysis. Quantum theoretical calculati
the three structures of compounds (3a, 3b and 3c) were performed us
G3MP2,LGoPBE, MP2, and B3 L ¥Pl+a&(dp)basiset
Keywords: Geometric parameters of optimized the structures were compared w
Trichloroacetyl isocyanate experimental measurements. The structures of the products were confirme

?ﬁg’;&?‘miome H NMR, 13C NMR, and elemental analysis. IR spectra dataleBndMR and!3C

Naphthalenethiol NMR chemical shifts coputations of the compounds were calculated. Frc

DOS molecular orbitals (FMOs), total density of states (DOS), thermodyi

Vibrational frequencies parameters and molecular electrostatic potentials (MEP) of the title com|

NMR chemical shift analysis were investigated by theoretical calculations. Molac properties such as -
ionization potential (1), electro
chemical potential (pu) and electr.
Consequently, there was an excellent agreement betweeminesmpial an
theoretical results.

1. Introduction thiocarbamates [12], inhé presence of a catalyst

elements such as palladium [13] nickel [14] and rhodium

Carbamothioates are a family of organosulfuf15]. Because of our interest in the synthesis of sulfur and
compounds that are also known as thiocarbamates. Thest®osphorus compounds [16, 17]. We reported a two
are significant group of compounds that have mangomponent reaction, which, starting from readily
biological effects from pesticidal, fungicidal, available trichloroacetyl isocyanate and -2
bactericidal, anesthetic and antiviral activity, but the mostaphthalenethiol or thiophenol derivatives affordsc3a
famous applications of these compounds are their use ¢cheme 1)
pesticides and especially as herbicideS][IFurthermore Computational chemistry is a subset of the science
Salkyl (aryl) thiocarbamates are an important class obf chemistry and discusses the analysis and measurement
compounds for a variety of industrial, synthetic andof properties of materials that are not directlyasurable
medicinal applications. They have been broadly used ad it utilizes other sciences such as mathematics and
pharmaceuticals [6], Agrochemicals [7], and statistics. Computational organic chemistry is an
intermediates in organic synthesis [8] for the protectiommportant area in determining the mechanisms of
of amino groups in peptide chemistry [FAIkyl (aryl)  che2imical reactions [18], especially catalysis [19],
thiocarbamates are usually produced from a-dv@ép structural deermination of organic compounds [20],
reaction using phosgene [10], its derivatives, and carbgsrediction of spectroscopic data suchddNMR and®*C
monoxide [11]. Many reports show the intramoleculaNMR chemical shifts [21], properties calculation of
rearrangement of different derivatives $ealkyl (aryl)  organic molecules [226], and the interaction of a
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substrate with an enzyme [27]. This study has revealed SH
same potential leads for possible pharmaceuticg
applications and further investigations may help in th
development of new antixidative agents for important
metabolic functions. Furthermore, three new crystg
structures of the compounds 3a, 3b and 3c Hmeen
reported. In the present work, we have investigated the SH
energetic and structural properties of three compounds |of

2-naphthalenethiol or thiophenol derivatives and 3¢ 97
trichloroacetyl isocyanate in GBI, occurs at room
temperature, and the produced Sary
(trichloroacetyl)carbamothioate derivatives (3a, 3b an
3c¢), which have been analyzed by means of the G3MP2,
the longrange corrected version of the Perd®urke-
Ernzerhof (PBE) exchange functional (iCP BE ) ,
secondorder Mgller Plesset perturbation ¢bry (MP2) >=O

and hybrid density functional (B3LYP) based methods /\ N

with the 6311+G(d,p) basis set on all atoms. The . H) CH,CI,
optimized geometries, quantum molecular descriptors, IR ArSH + I m’
spectra datalH NMR and 3C NMR chemical shifts
computations, molecular electrostagiotentials (MEP), (D )
the thermodynamic and electronic properties and NBO
analysis have been calculated and carried out.

W —

cl

o 0 O O

. . Ar @ _Cc. .C — >
2. Results and Discussion SNg- ~ Ar _C. .C_
SN CCls STTNT T,

The twacomponent reaction of2aphthalenethiol or 4) 3)
thiophenol derivative$l) and trichloroacetyisocyanate
(2) occurred in a 1:1 ratio in Gi&l, at room temperature,
and the Saryl (trichloroacetyl)carbamothioate
derivativeq3a-c) were afforded in high yields, and fairly
mild reaction conditions (Scheme 1 and Table 1). A
mechanistic rationalizatidior this reaction is provided in

Scheme 2A proposed mechanism for the formation(®y.

The structures of the products were deduced from

Scheme 2. their 'H-NMR, 3C-NMR, IR spectra, and elemental
Cl,C analysis. For example th&H-NMR spectrum of3a
CH.CI O o exhibited distinct signals @ 7.40- 7.53 ppm (5Hm)
ArSH + N 2 o Ar _C. G arisingfrom the aromatic CH groups andsat9.84 ppm
C rt,1-2h SN CCs (1H,9 for the NH group. Th&C-NMR spectrum oBa
o)

showed 7 distinct resonances arising from the; @felup
(6c 91.18 ppm), aromatic carbongc(126.31, 129.42,
130.37 and 135.37 ppm), 2C=6c(159.83 ad 170.53

Scheme 1. Two-component reaction of trichloroacetyl ppm). The characterization data of the products are given
isocyanate with haphthalenethiol or thiophenolderivatives pe|ow
(3a-c).

ey 2 (3a-0)

3. Experimental section

All starting materials and solvents were purchased
from Merck (Germany) and FlukéSwitzerland) and
were used without further purification. Melting points
Entry | Compounds ArSH Yield % were determined using an electrothermal 9100 apparatus
and were uncorrected. IR spectra were recorded on a
SH Jasco FTIR 6300 spectrometer. THel-NMR and3C-

NMR spectra were measuré@DCl; solution) with a
1 3a 100 Bruker DRX250 Avance spectrometer at 250.13 and
62.90 MHz, respectively. The elemental analyses were
realized using a Heraeus CHMrapid analyzer.

Table 1. Synthesis ofSaryl (trichloroacetylgarbamothioate
derivativeg(3a-c).
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General procedure for the synthesis of-8a Unoccupied Molecular Orbital (ELUMO), HOMO
LUMO energy gap4E), ELUMO, natural charges, and
molecular properties. The optimizetblecular structure,
naphthalenethiol or thiophenol derivativds {Tmmol) at HOMO and LUMO surfaces have been visualized using

-10°C. The mixture was stirred at room temperature foanSSVieW 03 program [35, 36]
1-2 hours. Then the mixture was filtrated, and the&s-1. IR spectroscopy
products3a-c were obtained.

To a magnetically stirred solution trfichloroacetyl
isocyanateZ, 1 mmol) in CHCI, (5mL) was added-2

Harmonic vibrational frequencies of the title
S-phenyl (trichloroacetyl)carbamothioate (3a): White  compounds were calculated using the G3MP2- LC
solid, yield: 100%; m.p. 152-:353-5°C; Anal. Calcd. for wPBE, MP2, and B3LYP methods with th&61+G(d,p)
CoHeCINO:S: C, 36.20; H, 2.03; N, 4.69. Found: C,basis set. The vibrational frequencies assignments were
36.33; H, 2.00; N, 4.62; IR (KBr, cf: 3328 (NH), 1762 made using the GaussView program. Some of the
(C=0), 1661 (C=0), 1441 (®), 866 and 832 (&I, characteristic frequencies are given in Tablet2The
Str.), 680 (GS), 470 (CCI, bending);'H-NMR (250.13  harmonic frequencies calculated by B3LYP are usually
MHz, CDCk, 6/ ppm): 7.467.53 (5H,m, aromatic CH,  higher than the corresponding exipgental values due to
9.84 (1H,s, NH); *C- NMR (62.90 MHz, CDQJ, 6 /  the approximate treatment of the electron correlation,
ppm): 91.18 (CG), 126.31, 129.42, 130.37, and 135.37anharmonicity effects and basis set deficiencies [37].

(aromatic carbons), 159.83 and 170.53 (2C=0). For the title compoun¢a), the strong band at 3328
S-(4-chlorophenyl) (trichloroacetyl) carbamothioate cm™ in the FFIR spectrum is assigned adN-H mode.
(3b): White solid, yield: 98%; m.p. 130.5132.1°C;  The calculated values for this mode are 3321.11, 3315.50,
Anal. Calcd. forCHsCliNO,S: C, 32.46; H, 1.51; N, 3322.25 and 3205.56 cinfor G3MP2, LGWwPBE/6
4.21. FoundC, 32.43; H, 1.53; N, 4.18R (KBr, cmi!):  311+G(d,p), B3LYP/8311+G(d,p) and MP2/6
3325 (NH), 1738 (C=0), 1667 (C=0), 1459—_[(\()1, ?57 311+G(d,p), respectively.

el\llﬁlf %5’5(5?3 f/lt{_')z ?8({’556)/ gﬁ:;)(c;:g;e gclilr(]gl)_'I% For the title compounBa), the strong band at 1762

aromatic CH, 9.66 (1H,s, NH); *C-NMR (62.90 MHz cm? in the FFIR spectrum is assigned &€=0 mode.
CDCl, 6 / plf;m)' 91 09’ ’(CQD ’ 124 65 12970 136 ’52 The calculated values for this mode are the same results

- for G3MP2, LCGwPBE/6311+G(d,p), B3LYP/6

?;gzcl)iago (aromatic carbons), 159.75 and 169'4§11+G(d,p) and MP2/811+G(d,p), respectively. The
B3LYP/6-311+G(d,p) computation predicts this
S-naphtalen-2-yl  (trichloroacetyl) carbamothioate  vibrational mode invC-S at679.25 crrt for 3a, 679.02
(3¢): White solid, yield: 97%; m.p. 150.451.8°C;Anal. ~ cm® for the compound 3b and 673.99 trfor the
Calcd. for CisHsCIsNO.S: C, 44.79; H, 2.31; N, 4.02. compound 3c. This observed frequency coincides well
Found: C, 44.84; H, 2.36; N, 3.98 (KBr, cn1!): 3301  with the expected value [38]. There has been an excellent
(NH), 1744 (C=0), 1671 (C=0), 1473 {0), 860 and agreement between experimental and theoretical results
820 (GCI, str.) 674 (GS), 471 (GCl, bending);'H-  for all used mehods. In order to compare this agreement,
NMR (250.13 MHz, CDG, 6/ ppm): 7.458.10 (7Hm,  the correlation graphic based on the theoretical and
aromatic CH, 9.41 (1H,s, NH); **C- NMR (62.90 MHz, experimental data has been investigated. A small
CDCls, 6 / ppm): 91.22 (CG), 123.39, 126.89, 127.74, difference between the experimental and calculated
127.87, 128.10, 129.17, 131.17, 133.48, 133.70 andbrational modes is observed. This difference may be
135.49 (aromatic carbons), 150.47 and 169.40 (2C=0).due tointermolecular hydrogen bonding formation. Also,
the experimental results belong to a solid phase, and
theoretical calculations belong to the isolated gaseous
In the present study, we haearried out quantum phase.

theoretical calculations for the compounds 3a, 3b and chBLE 2. The selected experimental and theoretical

using the G3MP2 [28], L&PBE [29], MP2 [30], and frequencies of the title compounasing G3AMP2,LGo P BE / 6

B3LYP [31] methods with the-811+G(d,p) [32] basis 311+G(d,p), B3LYP/&311+G(d,p) and MP2/811+G(d,p)
set by the Gaussian 03W program package [33] angr compound 3a, 3b and 3c.

calculating its propertie®uring the beginning stage, we
have had an optimized structure (see Figure 1). Then, we

4. Computational section

have calculated th&H NMR and**C NMR chemical Experimental | Calculated vibrational wavenumbers
shifts using the G3MP2, LGPBE, MP2, and B3LYP wavenumbers by HF and DFT (cm)
methods with the 811+G(d,p) basis set for the title by

compounds (3a, 3band 3c) [34]. The electronic | _FT-IR (cm)

properties include Energy of the Highest Occupied G3MPp2 wPLE?é,G BILYPIO 3'\1/';2(%’

Molecular Orbital (EHOMO), Energy of the Lowest p)
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311+G(d, | 311+G(d, according to in tables 4, the 4H, m, aromatic CH protons
P) P) appear aby 7.35751 ppm, the calculated amounts at
N-H | 3328 | 332111 | 331550 | 3322.25 | 320556 | LC-wPBE/6311+G(d,p) andB3LYP/6-311+G(d,p)

3 gfg ggi %ﬁg %gzg 1223'3? 12‘211% basis set levels are at 7-2611 and 7.37.59 ppm,

QI CN | 1441 141425 | 145011 | 144523 | 1470.68 respectively. Proton of NH appeardat 9.66 ppm, the

Sl ccr | se6 862.14 861.47 863.25 851.98 calculated amounts at L®PBE/6311+G(d,p) and

El s 832 827.62 822.58 | 83199 | 83255 B3LYP/6-311+G(d,p) basis set levels are at 9.43 ppm,

Broo%80 OrldS | 05058 | 67925 | OB | and 9.63 ppm respectively. Also, chemical shifts of three

<| pendi | 470 47278 47312 | 47091 | 475.00 carbonyl groups appear at 126.65, 129.70, 136.52 and
ng 136.90 ppm, the calculated amounts at-WEBE/6

311+G(d,p) andB3LYP/6-311+G(d,p) levels are at

g-HO 2332 T%igg i?iggg i??,fgﬁ igﬂ;‘g 121.01, 126.47132.93 and 135.41 ppm and 126.21,

& C=o [ 1667 166087 | 166977 | 16314 | teeizr| 129-98,135.99 and 136.12 ppm, respectively.

81 CcN 1459 1442.14 1500.14 1441.14 1444.14 . .

Sl ccl | 857 84637 85014 | 85114 | 84114 The compound3c) according to in tables 5, the

El su | 823 821.66 819.99 | 82011 | 821.10 aromatic CH protons appear &+ 7.458.10 ppm, the

@ gcsl 680 | 670.04 | 67712 | 67902 | 67002 | cglculated amounts at L®PBE/6311+G(d,p) and

L pendi | 484 484.46 48470 | 48414 | 48121 B3LYP/6-311+G(d,p) basis stlevels are at 7.38.01

ng and 7.418.11 ppm, respectively. Proton of NH group
appear abnu 9.41 ppm, the calculated amounts at-LC
N-H | 3301] 332114 | 332336 | 330321 | 333025 | WPBE/6311+G(d,p) an@3LYP/6-311+G(d,p)asis set
C=0 | 1744 | 173301 | 1740.14 | 174122 | 1751.25 | |gyels are at 9.39 ppm, and 9.40 ppm respectively. Also,
C=O | 1671 | 1670.77 | 167136 | 1672.11 | 1671.44 : .

CN | 1473| 147136 | 1470.00 | 1470.65 | 147025 | chemical shiftsof three carbonyl groups appear dt
CCl | 860 869.78 851.36 | 857.36 | 860.14 150.47 and 169.40 ppm, the calculated amounts at LC

sv_| 820 | 82177 | 82001 | 821.98 | 82125 | WPBE/6311+G(d,p) andB3LYP/6-311+G(d,p) levels
C-S 674 633.47 632.58 673.99 674.65

Assigments 3¢

oai are at 153.41 and 169.22 ppm and 156.89 and 170.36
bendi | 471 | 42354 | 47036 | 47074 | 47210 | PpmM, respectively.
ng

TABLE 3. Experimentally measured and calcuthtéH
chemical 6 i Ehs mdcalnds hi fts 0
using G3MP2, LG» P B E31H+G(d,p) , B3LYP/6
311+G(d,p) and MP2/811+G(d,p) for compound 3a.

4-2. NMR parameters
The calculation ofH NMR and'*C NMR chemical

shifts of compounds 3a, 3b and ace computed at Calculated

G3MP2, LGWPBE/6311+G(d,p), B3LYP/6

311+G(d,p) and MP2/811+G(d,p . The experimental | 'H EXP LC- | BaLyps- | MP6-
and calculated dH NMR and'3C NMR chemical shifts | "R G3MP2 g)l];lé(%/ 311+G(d, | 311+G(d
of S aryl(trichloroacetyl)carbamothioate derivatives (3a p) P) 2

3b and 3c) have been demonstrated in TablesBased [ sHm | 740753 | 7.44759 | 7.407.54 | 7.41-7.55 | 7.447.61
on our calculations and experimental spectra, we hayé"

made a reliald oneto-one correspondence between our 1Hs, 9.84 9.79 9.80 9.83 9.87
fundamentals and any of the chemical shifts have be i

calculated by the G3aMP2, -6 P BE, MP2, alnd B3 LY[P Calculated

methods with the @11+G(d,p) basis set. For the title| i l';CB‘E_/ BaLYP6. | MPo/e.
compound(3a) according to in Tables-8, the aromatic | N\MR | FX° | cavps | 31mc@ | 31m6@ | 3116
CH protons appear at 7.4023 ppm, the calculated p) p) p)
amounts at L@PBE/6311+G(d,p) andB3LYP/6- o m—osar 1506 | 12702 | 12632 | 12711
311+G(d,p)pasis set levels are at 7-4(b4 and 7.417.55 carbone | 12942 | 12863 | 128.96 128.99 129.33
ppm, respectively. Protons of NH appeardat; 9.84 s iggg; iggg? igg-g% igggg igg\%
ppm, the calculated amounts at-4®BE/6:311+G(d,p c=o() | 15083 | 16073 | 16021 150.84 160.01

andB3LYP/6-311+G(d,plbasis set levels are at 9.80 an
9.83 ppm, respectively. Also, chemical shifts aromati¢
carbones appear at 126.31, 129.42, 130.37 and 135.37

ppm, the calculated amounts at-WwWPBE/6311+G(d,p) TABLE 4. Experi I d and calculatid
andB3LYP/6-311+G(d,p) levels are al27.02, 128.96, + X?e”ms‘f;“ita, yﬁ ft‘;‘easwg anl ga C}‘: at p 5
130.11 and 134.96 ppm, and 126.32, 128.99, 130.33 aﬁglilnge mégfvlgz Lo Pl B Eg/fﬁi“G( dcp;‘a n SBSL\I(%t S
134.97 ppm, respectively. The same is true about Oth§51+G(d,p) and ME/6-311+G(d.p) for éompc;und 3.
compounds in table 4 and 5. For example compdaind

C=0(2) 170.53 172.18 171.38 171.08 172.72

7




Chem Rev Le#t (2021) 21-29

Calculated large databases to integrate chemical theory and In
H Exp A R Y addition, a thorough understanding of the synthesized
NMR G3MP2 | 3114G6(d | 311+G(d 311+)G(dv producs can be achieved by a careful examination of the
- ) ) P structure and reactivity of the compounds through homo
aromatic 735751 | 1.327.99 | 7.267.41 | 7.3L7.59 | 7.257.89 and lumo orbitals investigations and molecular softness
CH and hardness.
iH,s, 9.66 9.51 9.43 9.63 9.71
NH
WJ There is an excellent agreement between
. C- | B3LYP/G experimental and theoretical results dirused methods.
aR | PP | gawpz | @PBE/| - | JEAE | In order to compare this agreement, the correlation
311;)‘3@ 311;)‘3(‘1 D) graphic based on the theoretical and experimental data
aromatic | 12665 | 12587 | 12101 | 12621 | 12673 has been investigated. The correlation valué) (@r

carbone | 12970 | 127.93 | 126.47 | 129.98 129.46 compounds at G3MP2, L@PBE/6311+G(d,p),
s 13652 | 134.47 | 13293 | 13599 | 136.55
13690 | 13509 | 13541 | 13612 | 13603 B3LYP/6311_+G(d,p) and MP2%_811+G(1,p) have been
C=0() | 159.75 | 159.87 | 14856 | 158.93 15991 represented in Table 6. There is an excellent agreement
C=0(2) | 169.46 | 167.02 | 131.88 | 169.44 | 170.03 between experimental and theoretical results [34]. A
small difference between the experimental and calculated
. vibrational modes has been observed. This difference
¢ hemi ca Ipprs, usiTM3) using G3MP2, LG P B E /' 6t65mation. Furthermore, the experimental results belong
311+G(d,p), B3LYP/E311+G(d,p) and MP2/811+G(d,p) for to a solid phase, and theoretical calculations belong to the

compound 3c. isolated gaseous phase.

Calculated . .
” LC- B3LYPI | oot TABLE 6. Correlation of calculated and experimenti
EXP oPBE/ - ' NMR, *C NMR and IR of theompounds
NMR G3MP2 | 3111G(d | 311+G(d 311;)6(d'
7H 745810 | 7.11911 | 7 3'5)8 01| 7 4?23 11| 7.439.03 B3LYP/e- | MP2/6
amr'ng‘t'ic A0 A 20 Ako. 45 Compounds | G3MP2 LC-wPBE/| 31,0 | 311+G(
CH 3LHG(dp) P dip)
1H, s, 9.41 9.56 9.39 9.40 9.46
NH 3a 0.9986 0.9999 0.9995 0.9997
|
LCCﬁICUIaBtngPIG 3b | X| 0.999 0.9975 0.9999 0.9998
13c - MP2/6-
EXP oP BE/ - 3c 0.9977 0.9995 0.9992 0.9975
NMR G3MP2 | 31146(d | 311+G(d 311;)(3("’
.p) P)
aromatic| 123.39 | 118.76 | 122.98 | 12356 | 123.11 3a o 0.9986 0.9999 0.9988 0.9990
carbones| 126.89 125.34 125.86 126.37 126.41 S
127.74 | 12770 | 12721 | 127.65 | 127.33 3b | S| 09970 0.9997 0.9983 0.9991
127.87 | 127.99 | 127.97 | 127.93 | 127.84 T
128.10 | 12811 | 12814 | 128.12 | 12833
12917 | 129.18 | 129.36 | 12928 | 129.01 3¢ 0.9975 0.9989 0.9991 0.9974
13117 | 13256 | 13211 | 13198 | 132.77
133.48 | 13347 | 13358 | 133.11 | 13321 3a 0.9983 0.9989 0.9990 0.9998
13370 | 13363 | 13399 | 13369 | 133.97 %
13579 | 13593 | 13579 | 135.83 | 135.88 3b
C=O(1) | 150.47 | 15112 | 15341 | 156.89 | 153.11 g\ 09986 0.9998 0.9998 0.9999
C=0(2) | 169.40 | 169.25 | 16922 | 17036 | 169.41
3c 0.9953 0.9995 0.9995 0.9978

The synthesis of organic compounds increasingly
uses computational chemistry approaches to model and Quantum chemical methods are significant in
understand molecular phenomena. Calculations amdtaining information about molecular structure and
employed to rationalize reaction outcomes, predict how @lectrochemicabehavior. A frontier molecular orbitals
new system will perform, and inform syntheticpld&s  (FMO) analysis was carried out for the compounds using
a result, new insights into the interactions of fundamentdhe B3LYP/6311+G(d,p) level. FMO results such as
chemical forces have emerged that advance the field 8HOMO, ELUMO and the HOM@UMO energy gap
complex small and large molecule synthesis. This revieQEg) of the title compounds are summarized in Table 7.
presents four examples of computational techniques uséte energy othe LUMO, and HOMO and their energy
in the synthesis of oagic compounds, and discusses thegaps reflect the chemical reactivity of the molecule. In
unique perspectives afforded by these quantitativeddition, the HOMO can act as an electron donor and the
analyses. We use mathematical algorithms, statistics, aht!dMO as an electron acceptor. Higher HOMO energy
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(EHOMO) for the molecule indicates a higher electrona chemical reaction and that may also change during a
donaing ability to an appropriate acceptor molecule withphase transitiofd2- 4 4 ] . Electrophilic
a lowenergy empty molecular orbital. [35, 36] As shownthe stabilization in energy when the system acquires an
in Figure 1. the HOMO energy of the compound 3c haadditional electronic charge from the environment. The
the highest value-0.26496eV). A large energy gapel ectrophi l i city i nfarmakon ( o=
implies the high stability for the moleculehe calculated about both electron transfer (chemical potential) and
values of the HOMOGLUMO energy gap (Eg) for the stability (hardness) and is a better descriptor of global
structures 3a, 3b and 3c are 0.29, 0.17 and 0.15 eb®hemical reactivityf45]. The higher the value of the
respectively. DOS plots [38] also demonstrate thelectrophilicity index, the higher the capacity of the
calculated energy gaps (Eg) for the compounds 3a, 3b anwlecule to accept eleotns. The electrophilicity index
3c (see Figure 1). It is obviotisat the energy gap of the for the compounds 3a, 3b and 3c is 0.06309, 0.07018 and
compound 3a is the highest (0.29eV), and therefore it 3.06546 eV, respectively. The compound 3b has the
less reactive than the other structures. Meanwhile, tHaghest electrophilicity index; therefore it has a high
energy gap of the compound 3c is the lowest (0.15 eVgapacity for accepting electrons. The dipole moment
which indicates that it is the most reactive. As presente@iD) is agood measure of the asymmetric nature of a
in Figure 2 charge transfer can take place within the threaolecule. The size of the dipole moment depends on the
molecules. composition and dimensionality of the 3D structures. As
shown in Table 7, all structures have a high value of
Detailed information about quantum moleculardipo|e moment and point group of C1, which iradis
descriptors of title compounds such as ionizatiofhat there is no symmetry in the structures. The dipole
potential, electron affinity, global hardness, electroniGnoment of the compound 3c  (B3LYP/6
chemical potential and electrdfitity are calculated and 311+G(d,p)=3.6679 Debye) is higher than those of the
listed in Table 7. compounds 3a and 3b (3.3314 and 1.7041 Debye,

Table 7. The calculated electronic properties of the compoundgeSpeCtlvely)' The high value for 3c is due to its

3a, 3b and 3c using B3LYR&L1+G(d,p) level of theory. asymmetricharacter.
Property 3a 3b 3c 3a
HF -2330.80 -2790.42 -2484.48
(Hartree)
Dipole 333 1.70 3.67
moment R g‘M o
(Debye S22, ;‘
Point Group C1 C1l C1l ° i :
Enomo (€V) -0.35 -0.26 -0.24 et
ELuwo (€V) -0.05 -0.09 -0.08
Eg (eV) 0.29 0.18 0.16 a&
[ (V) 0.35 0.26 0.24
A(eV) 0.05 0.087 0.08
7 (V) 0.38 0.31 0.28 2b
i (eV) 0.32 0.22 0.20
u(eV) -0.20 -0.18 -0.16 -?
o (eV) 0.06 0.07 0.06 $
S(eVv) 1.55 2.26 2.52 SN
o &3 3
o= i“‘
The first ionization potential(l) and electron affinity sa“. —— L L.

(A) can be expressed through HOMO and LUMO orbital
energies by connecting it with Hartree Fock SCF theory
and invoking Koopmans' theorem [39] as - I=
EHOMOA=ELUMO.Chemi cal hardness ‘“~3lag A/ 2)
IS an important property that indicates the molecular . f' -
stability and reactivity [40]. A hard molecule has a large eFey . [

energy gap (Eg) and a soft molecule has a small energy ~

gap (Eg) [41]. The chemica SPERE"H
compounds 3a, 3b and 3c are 0.321, 0.221 and 0.198 eV

respectively. Compound 3a has the highest chemical

h a : dness .( no- 0.321 eV), IGURE d1 Ea]?cuqa%(f ];ro%tﬁere moleciulér oébitgals bt h
reactive _molecul_e with a h'.gh energy gap_(Eg= 0.29 eV ompounds 3a, 3b and 3c (Eg: energy gap between LUMO and
Electronic chemical potential (p& + A)/2) is a form of HOMO) and calculated DOS plots of the title
potential energyhat can be absorbed or released duringompounds(using the B3LYR&L1+G(d,p)).

3c

v
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.
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es ¢ U
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4-3. Thermodynamic analysis loosely or excess electrons) and it acts as an electrophilic

_ attack. The blue color also indicates the maximum of
The total energy of a molecule consistsha sum  electrostatic potential, and it acts the opposite.
of translational, rotational, vibrational and electronic

energies. The statistical thermochemical analysis of titte  Starting from the above note, If we plot all MEP
compounds is carried out considering the molecule to bsurfaces with all isgsurface values, we see only the top
at room temperature of 25°C and 1 atmospheric pressumirface. It is observed from the MEP map in Figure 2 that
The thermodynamic grameters, such as zero pointthe nitrogeAbonded nitrogen atoms in the-HN group
vibrational energy, rotational constant, heat capacity (G3nd the oxygen atoms in the carbonyups (C=0) of

and the entropy (S) of the title compound by B3LYP/6the rings are negative regions in all compounds because
311+G(d,p) level have been listed in Table 8. Accordingn the resonance form of the-M group, the oxygen

to Table 8, the calculated values for compound 3c iatoms have a negative charge and the nitrogen atom has
larger than compounds 3a and 3b, therefore compounds positive charge, and in the resonance form of the
3b and 3a have maximum stability compared taarbonyl groups, the oxygeatoms have a negative
compound 3c due to forming the intramolecular hydrogenharge and the carbon atom has a positive charge. So
bonding. oxygen atoms are sites for electrophilic activity. The
nitrogen atoms in the ring, which are attached to carbonyl
lethal electron groups, are also positively charged,
therefore, nrogen atoms are sites for nucleophilic

Table 8 Thermodynamic parameters the 3a, 3b and 3c
molecules using the B3LYP/811+G(d,p) level.

attraction. As such these sites give information about the
3a 3b 3 regions where the compounds can have strong
Zero-point correctiof 0.136679 0.126993 0.183178 intermolecular interactions.
Thermal correction to 0.152498 0.144066 0.201638
Energy L
Thermal correction to 0.153443 0.145011 0.202582 9‘3
Enthalpy \_" f‘“
Thermal correction to 0.089478 0.076901 0.132090 ,‘.:;'j ;o.’
Gibbs Free Enerdy \ \“‘.7.;‘_,“ 4
Sum of electronic and -2330.66428 | -2790.295 | -2484.2958
zeropoint Energies 3a 3b 3c
Sum of electronic and -2330.64846 | -2790.278 | -2484.2773
thermal Energiés FIGURE 2. Molecular electrostatic potential (MEP) maps of
Sum of electronic and | -2330.64751 | -2790.277 | -2484.2764 the title compounds calculated using the B3L¥B1A+G(d,p)
thermal Enthalpiés level.
Sum of electronic and -2330.71148 | -2790.346 | -2484.3469
thermal Free Energies 5. Conclusion
E (Thermal) 95.694 90.403 126.529
oV 56.105 59963 67.893 In the present study, the tvemmponent reaction
5 134.624 143.349 148.363 between zhaphthaleethiol or thiophenol derivatives,
*Hartree/Particle;KCal/Mol, ¥ CallMolKelvin and trichloroacetyl isocyanate to producg&aryl
4-4. Molecular electrostatic potential (MEP) (trichloroacetyl)carbamothioate derivatives was reported.

Nevertheless, we believe that the reported method offers

The molecular electrostatic potential (MEP) was2 mild, simple, safe, clean and flexible method for the
calculated by the B3LYP#811+G(d,p) level. The MEP preparation ofS-alkyl (aryl)carbamothioates derivatives.
is related to the electronic density and is a very usefdihese compounds of the products were confirmed by IR,
descriptor in understanding sites for electrophilic attackd NMR, **C NMR, and elemental analyses. The IR
and nucleophilic reactions as well as hydrogen bondingpectra data antH NMR and**C NMR chemical shifts
interactions. [45] Negative rens (red color) of the MEP computations of the compounds in the grouadeswere
are related to electrophilic reactivity and the positivecalculated. There was an excellent agreement between
(blue color) region is related to nucleophilic reactivity, agxperimental and theoretical results. FMOs, DOS and
shown in Figure 2.molecular electrostatic potential MEP of the title compounds were investigated by
(MEP) surface aims at locating the positive and negativieoretical calculations.
charged electrostatic potential in the molecule. In each
MEP surface, there is a color scale which indicates th@cknowledgements
negative and positive value. The red color is a sign of the
negative extreme and the blue color depicts the positi\ﬂgIa
extreme. The red color thi a negative sign indicates the
minimum electrostatic potential (that means it is bound

The authors are thankful to the Zanj&manch,
mic Azad University, for partial support of this work.
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