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Abstract—A prototropic rearrangement dfi-prop-2-enylbenzocarbothioamide afforded two stereoisomeric
N-prop-1-enylbenzocarbothioamidelda( b) isolated as individual compounds. The stereoisomerism is due

to hindered rotation around thioamide bond G{$)and also tor-diastereoisomerism. The configuration of

the isolated isomers was investigated by IR spectroscopy, AM1 and PM3 methods. In the molecules occurs
the ps-conjugation with participation of nitrogen atom and multifends resulting iformation of a united
delocalized MO in the planar fragment C{8)C=C.

One among the important stereochemical problemslefin proton in the gem-position with respect to
is attempt to isolate individual stereoisomers anchitrogen in going frontransisomerlib to cis-isomer
determination of their configurations that may be thella changes insignificantly (the calculated and
reason of their unlike physical, chemical, and bio-observed value ASycy- -0.07 ppm) whereas
logical properties [1, 2]. Especially significant is the the signal of the olefin proton geminal to the ¢H
preparation of pure steric isomers used as pharmagroup in thiscase is notably shifted upfield (the cal-
ceuticals. However this target is often difficult to culated valueAdc,- -0.46 ppm, theobserved value
attain. -0.35 ppm).

In the study of reaction between isothiocyanates However for the N-prop-1-enylbenzocarbothio-
and Grignard reagents [3] we obtain@diprop-2- amide besides the-diastereoisomerism due to dif-
enylbenzocarbothioamidel)( that in a superbasic ferent position of substituents at the C=C bond is
system KOHDMSO-H,O cleanly rearranged into &S0 presumablecis-trans isomerism caused by
N-prop-1-enylbenzocarbothioamiddl Y (Scheme 1) hindered rotation around partig?-hybridized thio-
existing as two isomers with different meltigpints. ~ @mide C(S)N bond. Theassignment of signals in the
The latter were isolated as individual compounds by H NMR spectra to this type isomers turned out to be

'H NMR spectroscopy we established that the isomer Therefore with the use of IR spectroscopy and
with mp 42-47°C (lla, 19%) possesseccis-con-  quantum-chemical calculations by AM1 and PM3
figuration of the protons at the doubb®nd, and the procedures was investigated the structure of stereo-
isomer with mp 7476°C (llb, 57%) hadtranscon-  isomerslla, b, was determined the reciprocal orienta-
figuration. tion of separate structural fragments (thioamide and

The position of protons with respect to the C=C prop-1-enyl ones), thdocation of NH and C=S

bond was revealed by the values of the vicinal coupl-bonds in the thicamidegroup, andalso the intra-

ing constants of vinyl protong7.8 and 14.2 Hz molecular interactions and the stability of the stereo-

respectively), and also by the observed chemicaPOMers:
shifts of CH= protons. Thus thealculations accord- In the IR spectra of compound$a, b registered

ing to an additive scheme show that thealue of the from thin films or solutions in CGlare observed the

Scheme 1.
NH KOH NH /Me * NH /H
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Table 1. Principle frequencies in the IR spectra (Cjrof
geometrical isomers dfi-prop-1-enylbenzocarbothioamide
(lla, b) registered fromsolution in CC} and from thin
film

Compd. | v(N-H)(C=C)5(NHCS)|v(C-N)| o(CH=)

no.

cis,cislla | 3420 | 1660 | 1480 | 1330 | 740
(33007 | (1660)| (1500) | (1360)| (740)

trans,trans| 3390 | 1670 | 1500 | 1342 | 970

lib (3260) | (1670)| (1520) | (1370)| (970)

& The frequencies in spectra recorded from thin film gireen
in parentheses.
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bond C(X}N (X = O, S) was investigated on a large
series of amides and thioamides with the use of
various physicalmethods, in particular, of IR and
NMR spectroscopy [1€12]. This phenomenon still
attracts much attention since these moieties function
as main blocks of the biologically active compounds
and depending on the structure the molecules can
possess quite different reactivity and characteristics
[12-16]. In thioamides the €N bond character is
notably closer to double bond than in amides due to
the larger contribution of a bipolaiorm, andthere-
fore the barrierseparating thecis and transisomers
increases byl2.5-21 kJ mof!. For instance, in the
N-substituted thioamides tHearrier to rotationalong
C(S)»N bond according to various sources amounts
to 84-105 kJ mot! [1, 2]. Just this fact provides a

absorption bands corresponding to the vibrations opossibility to observe the existence of the configura-

the main functionalgroups: benzocarbothioamide,
1480-1500 [NHC(S)], 3260-3400 [(N-H)], 1330
1360 (C-N), 1580-1600 cm’ (Ph), andetheneone,
bands of stretching and bending vibrations at 1660
1670 and 740970 cm? respectively [48] (Table 1).

The low frequency of NH stretching vibrations in
the spectra takefrom thin film show participation of
these groups in hydrogeonds. The significant
increase in thev(NH) values in diluted solutions of
compounddla, b and simultaneous shift of the thio-
amide band to low frequenciefom 15206-1500 to
1480 cm! evidence that NH groups takpart in

tional isomers for thioamide molecules as individual
stable compounds.

Proceeding from thedata of [9] where the geo-
metrical isomers of N-monalkylthioamides were
separated by TLC and subjected to spectroscopic
investigation, and also from théata obtained in the
stereochemical studies of the other N-substituted
thioamides [1, 2, 10] we assigned the high-frequency
band v(N-H) at 3420 cm in the IR spectrum of
compoundlla to the cis-isomer with respect to the
C(SrN bond, and theband of lower frequency at
3390 cm? in the spectrum of compountb to the

intermolecular association and that they provideransisomer.

predominant contribution into the vibration band at

1500 cm?! [8, 9].
Taking into account thetH NMR spectra (see

Thus foreach of the analyzestereoisomerfia, b

was determined a set of characteristic frequencies of

absorption bands in the IR spectra that originated

Experimental) and the spectral laws established bytom cis,cis and trans,transorientation of sub-
the studies of a great number of vinyl compounds [4ktituents in theN-prop-1-enyl and benzocarbothio-
we assigned the band at 1660 ¢rin the spectrum of amide fragments (Table 1) (the protons orientation
compoundlla to the cisisomer, and the absorption with respect to the double bond is givéinst, then is

at 1670 cm® in the spectrum of compountb to
transisomer. Theband v(C=C) in thespectrum of
cisisomerlla is considerably stronger than the cor-
responding band in the spectrum of ttransisomer
lIb for it is known that the vibration band of the
double bond in thecisiisomers of disubstituted

designated the orientation of the substituents around
the amide GN bond).

cis,cislsomerlla is better soluble, and itshain
intermolecular associates are lessong. At thesolu-
tion concentration up to I6 mol I"* the hydrogen

alkenes isstronger due to summation of the fragmentP0nds in sterecisomer lla are completely dissociated,

dipole moments of the substituents [1, 2].

and in the IR spectra appears the only absorption
band of vibrations belonging to free-Ml group at

The observed difference in the other vibration3420Cm1. In the spectrum ofrans, transisomer|ib

frequencies in the IR spectra of isoméls, b under

the same experimental conditions clearly show the
presence of considerable dissimilarity in their struconcentration of 16 mol It

tures apart ther-diasterecisomerism.

under the same conditions the band of the associated
H groups is still conserved. Only at dilution to
we succeeded in
destroying the hydrogen bonds and obtained in the

We already mentioned that isomerism originatingspectrum the absorption band of stretching vibrations
from the hindered rotation around partially doublefrom the free NH bonds at 3390 cm. This fact is
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Table 2. Formation enthalpy and dipole moments of isomkas b at possible orientation of the key functional groups
(Scheme 2)

AM1 PM3
Compd. no. Configuration
AH;, kJ mol* u, D AH;, kJ mol* uw, D
lla cis,trans,cis 265.78 4.26 308.20 5.01
cis,cis,cis 266.73 4.08 311.56 5.23
IIb trans,cis,trans 268.71 4.31 307.90 5.39
trans,trans,trans 283.91 4.61 323.88 5.68

due to high thermodynamical stability of cyclic aromatic systems that significantly affects thermo-
dimers with participation of C=S--H-N groups in  dynamic and structural parameters and to consider-
solutions of compoundlb (caused by higher sym- able degree defines the electron-donor properties of
metry) as compared to linear associates containingompounds and their reactivitjll, 19-21].

the same groups [6,7]. In thecapability to hydrogen As seenfrom Table 2 as energeticalljeasible

bonds formation distinguished by their strength iSgy,ctres turned out to tms,trans,cisfor compound
revealed the significant difference in the stereoisoy; andtrans cis.trangor con’wpoun’dlb.

mers structure. The contribution of the bipolar struc- _ o
ture in the thioamide fragment is more pronounced in Geometrical characteristics of compounida, b
the cyclic dimer resulting instronger association are listed in Table 3. Small angles between the plane
observed inllb isomer as compared téa [10, 18]. ©Of C=C and NC (¢ 1.6%) and the plane NC,
_ _ , and C=S ¢ 3.06°) do not prevent formation of

However the reciprocal orientation d8-prop-1- gejgcalized MO from localized occupied and un-
enyl and thioamide fragments still remained uncertaingccypied fragment orbitals and favor formation of
Therefore in order talefinitely assign the structures g copjugation system in isomeli®, b. The nitrogen
lla, b to certain configurational types we carried OUtatom " is sf-hybridized (bond angle CNE ~123
quantum-chemical calculations of geometrical andhccording to calculations) that also provides its effici-
thermodynamic parameters of two possible combingni p n-conjugation. The bond system-8-C=C is

ations of the reciprocal spatial location of the abovejrtyally planar ¢ 1-1.5°) in both types of stereo-
functional groups foreachstereoisomefScheme 2). isomers.

The results obtained are presented in Tables 2 and 3. _
The calculations for moleculd$a, b showed that

It was necessary to obtain an evidence of they unified delocalized MO formed including a set of
existence of intramolecular electroniateractions, in  five atomic centers S, C, N, C=C with different

particular, of pr-conjugation, an important intra- contribution from the individuaAOs. For instance,
molecular interaction in the unsaturated heterowijth isomer Illa these contributions equal to: N

78.69, C 15.43, S 1.93, 22.25%, G 1.42%(RHF

Scheme 2. PM3) and N82.41, C 11.46, S 1.82, £2.57, CF
1.50% (UHF AM1) indicating the presence of a
H H H system of p,z-conjugation with maximum electron
N\ / i i
o= S\iv[e§—H dens.lty on .nltrogen. o o
No—N Me C—N With Ilb isomer the contributions of the individual
pii H i H AOs are as follows: N'8.0, C 16.14, 3.9, C, 2.23,
cis, trans, cis-Ila cis, cis, cis-Ila Cp 1.54%(RHF PM3) and N82.25, C 11.44, S 1.86,
C, 2.67, G 1.61% (UHF AM1).
H }/Ie - Me ~ The estimation of the contribution gf,-orbitals
Ph /C=C\ — Pl{ §_H into the unshared electron pair of nitrogen (along
C—N H LN procedure [19]) accounting also for the value of the
¢ H s” "H bond angle CNG allows a conclusion that the-state

for the nitrogen atom in the isomengb and lla

frans, cis, trans-Ilb  trans, irans, trans-1lb amounts t099.3 and 99.2%respectively.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 12 2001



STEREOISOMERISM OFN-(1-PROPENYL)THIOBENZAMIDE

1717

The p,n-conjugation affects not only the bond Table 3. Bondlengths &), values of bond«) and torsion
angles and conformation of the molecules but alsde) angles (deg) in moleculelda, b, calculated by AM1
and PM3 methods

bond lengths. For instance, the length of arQN
bond in unconjugatedtructures,e.g., in CHNH,

[19], is 1.474A whereas the calculated length of® lla b
bonds in compound#ia, b is considerably less: up Parameter
to 1.37A (Table 3). The aromatic ring is not coplanar AM1 PM3 AM1 PM3
with the thioamide fragment: the torsioangle is
51-57° (lla), 68 and-74° (llb) that means no con- Bond
jugation exists between the thioamideoup and the C=S 1.58 1.63 1.58 1.63
aromatic system. CoyC 1.48 1.48 1.48 1.48
~ Thus the results of our quantum-chemical calcula-(,\:l:'g 12; 1'22 12; 1'22
tions are in agreement with the experimemtata. C,C, 135 134 135 134
The stability of isomerslla, b was studied by Angle o
measuring their IR spectra ioctane in the 20100°C =~ SCN 125.71 | 125.67 | 121.74 | 121.13
range. Atincreasing temperature appear additionalCy,CS 119.83 | 121.92 | 119.99 | 122.05
absorption bands: in the spectrum of isomiém  CNH 118.55 | 119.72 | 116.42 | 116.86
besides the bands at 3420 and 1660'cim observed HNC, 118.13 | 116.24 | 117.93 | 117.76
an absorption band at 3400 and 1670 tnand in the CNC, 123.31 | 123.55 | 126.65 | 125.36
spectrum of compoundib on the contrary besides NC.,C, 125.53 | 122.34 | 123.88 | 121.25
the bands at 3390 and 1670 Cnarise the bands at C.C,H 117.35 | 118.61 | 122.23 | 122.08
3420 and 1660 cil. Apparently although theis  C.CiCue 127.76 | 125.43 | 122.08 | 122.04
andtransisomers are separated by significant energyNC,H 113.25 | 114.52 | 114.74 | 116.04
barriers (both alkenes and thioamides) occurs theirCeCue 114.88 | 115.96 | 115.69 | 115.88
interconversion. As a matter €dct in the molecule of Angle ¢
N-prop-1-enylbenzocarbothioamide the double bond»CNC, | -179.55| -176.68 -3.55 1.012
is surrounded with functional groups and heteroatom§NC.C, | -179.05| 173.485| -178.33 | 178.318
that causes its polarization and involve it into a con-SCN 043 | 432 | -177.10 179.12
jugation system. The arisingunited delocalized SCNH 179.25 | -175.91| 0.48 0.56
electronic system in the isomers of-prop-1-enyl- PNhCN 50.97 | 57.303 | 67.61 | -74.55

benzocarbothioamide apparently leads to decreasing

and levelling of thebarriers to internal rotation. As a

result the configurational interconversions become

possible at heating to 100.

EXPERIMENTAL

IR spectra of isomers$la, b weremeasured on a
The ready configurational transformations weredouble-beam spectrophotometer Specord 7&tRn
observed,e.g., with compounds ofABC=CX type thin film or solution in CC}, (c up to 5x 107> mol I,
where A and B were electron-dongroups, and X cell ug to 50 mm thick) and in octanec (up to
and Y were electron-acceptor groups (for instance8x 102 mol I}, cell up to 0.254 mm thick). The
CN, COOH) [1, 2,11]. The barriers torotation variable-temperature measurements were carried out
around thus polarized bonds are considerably dean a cell from Karl Zeiss Companyequipped with a
creased (up to 135 kcal mot?). Interconversion of graduated thermocouple. The resolution in the
Z- andE-isomers was also observed for 2-chlorovinyl-regions 17001600 and 34063000 cm? was equal to
mercury chloride, tetrasilylated ethylene, nitroen-1 and 2 cm! respectively.'H NMR spectra were
amines,enaminoketonestc. [2]. Therewith in some recorded on spectrometer Bruker DPX-4000DCl,
cases was not evaerquired a significant heating. at 18-20°C, internal referencéiMDS. Mass spectra

The changes observed in the IR spectra of sterede .o registered on GC-MS ‘instrument LKB-2091,

somersla, b at heating are due 1o decrease nlpoyon DY SECOn ImPact (69, drectaems
barriers to rotation around th&hioamide and the P P P

double bonds as a result of arising united delocalizeéfJre 216C).
MO in the conjugatiorsystem. This is just theause Quantum-chemical calculations were performed in
of relatively easy configurationatansformations. RHF and UHF approximations by semiempirical
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AM1 and PM3 methods with complete optimization

of molecular geometry [22]. 4.

N-Prop-1-enylbenzocarbothioamide(ll). A mix-
ture of 3.39 g (0.019mol) of N-prop-2-enylbenzo-
carbothioamide 1§, 3 g (0.054mol) of potassium
hydroxide, 12 ml of water, and 30 ml of DMSO was
stirred at 90C for 4 h, cooled to 180°C, poured
into water, andextracted withether. Theorganic
solution was repeatedly washed withater, dried
with potassium carbonate, the ether was distitbéid
Yield 2.1 g (62%). Thereaction product was sub-
jected to column chromatography (column %.5
20 cm) on silica gel (Silicagel 600.063-0.200 p,
eluent benzendexane, 1:1)From theearly fraction
(Rs 0.54, chloroform) on removing the solvent we
obtained 0.4 g (19%) ofis-isomerlla, light-yellow
crystals, mp 4247°C. 'H NMR spectrump, ppm ¢,
Hz): 1.76 (3H, Me), 5.27 (IHCH=, 33,,.ch- 6.3,
*Ivec=ch 1.6), 7.42 (LIHNCH=, 3Jscpzcn 7-8),
7.79-8.42 (5H arom), 8.8dr.s (1H, NH).M"™ 177.
Found, %: C 67.69; H 6.44; N 7.71; S 18.16.,,
C,oH1;NS. Calculated, %: &7.75; H 6.25; N 7.91;

S 18.09.

From thelate fraction & 0.38, chloroform) we
obtained 1.2 g (57%) otransisomerallb, light-
yellow crystals, mp 7476°C. H NMR spectrumg,
ppm g, Hz): 1.78 (3H, Me), 5.62 (1H,CH=,
Ivech 6.8, ece ey 1.7), 7.49 (1H,NCH=,
3Jtransc,i= ch 14.2), 7.75 (5H arom), 8.88r.s (1H,

NH). M™ 177. Found, %: C 67.76; H 6.33; N 7.78; 13

S 18.13. G,H,;NS. Calculated, %: G7.75; H 6.25;
N 7.91; S 18.09.

The authors are grateful t€and. Chem. Sci.
A.l.Albanov for measuring and interpretation of
'H NMR spectra.
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