This article was downloaded by:

On: 30 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

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Related Elements
T | ELECTRONIC STRUCTURE OF SOME SUBSTITUTED AZOLIDINES.
s e CNDO/2, NMR AND VIBRATIONAL SPECTROSCOPIC STUDIES
: 1 K. R. Gayathri Devi; D. N. Sathyanarayana®
* Department of Inorganic and Physical Chemistry, Indian Institute of Science, Bangalore, India
;
t
¢

To cite this Article Devi, K. R. Gayathri and Sathyanarayana, D. N.(1981) '/ELECTRONIC STRUCTURE OF SOME
SUBSTITUTED AZOLIDINES. CNDO/2, NMR AND VIBRATIONAL SPECTROSCOPIC STUDIES', Phosphorus, Sulfur,
and Silicon and the Related Elements, 11: 3, 369 — 372

To link to this Article: DOIL: 10.1080/03086648108077437
URL: http://dx.doi.org/10.1080/03086648108077437

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay 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 formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, 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/10.1080/03086648108077437
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 15 30 January 2011

Downl oaded At:

Phosphorus and Sulfur, 1981, Vol. 11, pp. 369-372 © 1981 Gordon and Breach, Science Publishers, Inc.
0308-664X/81/1103-0369/806.50/0 Printed in the United States of America

ELECTRONIC STRUCTURE OF SOME
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VIBRATIONAL SPECTROSCOPIC STUDIES.
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Bangalore 560 012, India.

(Received March 6, 1981; in final form July 6, 1981)

The 'H and "’ C chemical shifts, characteristic vibrational frequencies and force constants for some sub-
stituted azolidines are correlated with the results of the CNDO/2 calculations. The influence of the exo
and endo heteroatoms on the electronic structure of the heterocyclic ring are discussed.

INTRODUCTION

The special attention given in recent years to the spectroscopic and structural stud-

ies of heterocyclic molecules of the type, Z—CH,CH,—Y—C=X, where Z,Y may
be O, S, Se, NH or CH; and X = O, S, Se seems to stem from their property to ex-
hibit pseudo rotation"? and their ability to provide potential binding sites for metal
ions in physiological systems® as well as for their good coordinating properties.*™®
The compounds presently considered are oxazolidine-2-one (Oxo0; X=Z=O,
Y=NH), oxazolidine-2-thione (Oxt; X==S, Y=NH, Z=0), thiazolidine-2-thione
(Tzdt; X=S, Y=NH, Z=2S), thiazolidine-2-selone (Tzse; X=Se, Y=NH, Z=S)
and imidazolidine-2-thione, commonly referred to as ethylenethiourea (Etu; X=S,
Y=Z=NH). We recently investigated’™'! from vibrational spectroscopic technique,
the influence of exo and endo heteroatoms on the ring properties of these hetero-
cyclic molecules. We report here the proton and carbon-13 magnetic resonance
spectra and the results of the semiempirical CNDQO/2 calculations. The aim of the
present work is to discuss the vibrational and ' H and '* C NMR spectroscopic data
in terms of the computed bond orders and charge densities. The CNDO/2 type of
quantum mechanical method was employed since a striking similarity in the pi
charge values are reported with CNDO/2 and ab initio methods.'>"® The previous
pertinent works are the CNDO/S calculations by Guimon et al.'*'* and Arbelot et
al.,'® who focused their attention on the electronic and photoelectron spectra of
some thiocarbonyl based substituted azolidines.

RESULTS AND DISCUSSION

The computed pi bond orders and the relevant atomic charges for the azolidines
considered are compiled in Table 1. It was observed that the stabilization in terms
of the total molecular energy produced by O, NH and S in the position « to the thio-
carbonyl group increased in the order NH>0>S, which is in the increasing order
of mesomeric electron releasing tendencies.
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TABLE 1

CNDO/2 results for some substituted azolidines.

Bond order Charge density v(NH) K(NH)
Compound C=X C-—N(Y) C-Z X N(Y) C zZ (cm™) (mN/m)
Oxo
(X=0, Z=0) 0.758 0.520 0.315 —0.419 —0200 0517 —0.254 3260 5.40
Etu
(X=S, Z=NH) 0.547 0.536 0.536 —0.462 —0.151 0.287 —0.151 3250, 3275 5.30
Oxt
(X=S, Z=0) 0.603 0.595 0392 —0.402 -0.135 0.324 —0.182 3205 5.15
Tzdt
(X=S, Z=8) 0.612 0.645 0.248 —0.365 —0.044 0.171 —0.047 3130 4.95
Tzse
{X=Se, Z=S) —_— —_ —_ —_ — — — 3100 4.85

y—stretching, K—stretching force constant

Bond order: The following three canonical forms may be said to contribute predom-
inantly to the bonding of azolidines. For these systems, a direct correlation between

|
C=S and C—N bond orders as in simple acyclic thionamides, S=C—NZ, is diffi-

cult. In amides, the C—N pi bond order increases with decreasing C=X double
bond order in the sequence X = O<S. From Table I, it is however observed that
both C=S and C—N bond orders (excepting Oxo) show variation in the same di-
rection. This difference could be attributed to the effect of different endo hetero-
atoms at the a-position in these molecules. The C—N(Y) and C—Z bond orders
(excepting Oxo) register opposite trends; the C—N bond order increases as the endo
heteroatom varies in the order N, O and S, while the corresponding C—Z bond
order gradually decreases. The C—Z bond which is usually written as-a single bond
has some partial double bond character varying in the sequence, Etu>Oxt>Tzdt,
which also parallels the mesomeric electron releasing ability of the atom at the
a-position.

The bond order of the C=S grouping increases in the sequence Etu<<Oxt<Tzdt
in the decreasing mesomeric electron releasing tendency of the atom at a-position.
A similar trend has been noted?' for dithiocarbamates, xanthates and trithiocarbon-
ates (X—CS;, X=NR;, —OR and —SR, respectively). The C=S bond order of
Etu is the lowest (0.547); this could be attributed to the two mesomeric nitrogens at
the a-positions of Etu, thus enhancing the contribution of the charge-separated
structures (b) and (c). From C=S and C—N bond length values, it is estimated that
in Etu structures (b) and (c) contribute Ca. 40% each to the bonding.*

H,C—CH; H, "C\Hz Hzlc—CHz
b +
z\ﬁ _NH Z\C| NH z\\c‘ _NH
X X X
(@) (b) (©)

FIGURE 1 Canonical forms.
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Charge density: The calculated charge densities reveal that the charge on the exocyc-
lic thiocarbonyl sulfur decreases along Etu, Oxt and Tzdt; the charge on nitrogen
also decreasing in the same order. That is, an increasing positive charge on the ni-
trogen atom is indicated along the series. The large decrease in the N—H stretching
frequency from Oxt to Tzdt and Tzse can be ascribed to the increasing positive
charge on nitrogen with decreasing tendency of the exocyclic heteroatom to form
double bond with carbon.?*?® Further, the N—H stretching force constants also
show a gradual decrease from Oxo to Tzse (5.40 to 4.85 mN/m), as is to be ex-
pected. It is to be noted that the extent of decrease in the N-H frequency on re-
placement of an exo heteroatom is smaller while a similar substitution in the ring
produces a relatively larger shift (Table I) concordant with the calculated negative
charge on nitrogen. Thus the variation in the N—H stretching frequency is easily
explained by variation in the electronic structure of the bond.

In Table II, 'H and "*C chemical shift values are listed. Downfield shift in the
N—H proton resonance in the increasing order of positive charge on nitrogen is ob-
served (excepting for Oxo). The NH proton resonance of Etu appears at relatively
upfield, 6.14 ppm, while the corresponding signal for Tzse is found at a low field,
8.79 ppm. The mesomeric effect of the two a nitrogen atoms seems to have caused
an upfield shift of the NH resonance in Etu. This may be due to enhanced neigh-
bour anisotropy caused by the predominant contribution from the dipolar forms (b)
and (c).

The *C NMR chemical shifts can be empirically correlated with the charge den-
sity on a given carbon atom in a molecule.’** This is of interest in the study of the
chemical reactivity of a molecule. The '>C chemical shift arising from carbony! car-
bon is found at 160.8 ppm and from thiocarbonyl carbons between 185.0 and 202.0
ppm. There is approximately a linearly relationship between "*C chemical shifts and
the calculated charge densities on thiocarbonyl carbon. Strict linearity is not ex-
pected since a-endo heteroatoms also vary. The "’C resonance shifts downfield in
the order Etu, Oxt and Tzdt and interestingly parallels the increasing bond order of
the C==S grouping. Consistent with this observation, the *C resonance of seleno-
carbonyl carbon of Tzse occurs upfield (192.5 ppm) compared to that of the corre-

TABLE II

'H and *C chemical shifts for some substituted azolidines

'H chemical shift (61) BC chemical shift (81)
Compoundf N—H (Z)CH; (N)CH,; Compound C=X (N)CH, (Z)CH,

4.49 3.68

Oxo 6.27 4.46 3.65 Oxo 160.8 40.8 65.0
4.43 3.62

Etu 6.14 — 3.78 Etu 185.2 45.4 —
4.78 3.90

Oxt 8.23 474 3.86 Oxt 190.6 44.2 70.4
4.71 3.83
3.61 4.04

Tzdt 8.50 3.58 4.01 Tzdt 202.0 51.4 33.8
3.55 3.98
3.56 3.99

Tzse 8.79 3.53 3.96 Tzse 192.5 53.5 34.8
3.50 3.93

t Etu in C,DsOD and rest in CDCl; as solvent.
1 8 in ppm from internal TMS.
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sponding thiocarbony! carbon of Tzdt (202.03 ppm). Considering the electron re-
leasing tendency of atom Z, it may be predicted that this tendency is in the order,
N>0>S demonstrating that the contribution of the dipolar forms (b) and (c) in-
creases from Tzdt<Oxt<Etu.

In conclusion, the present series of molecules show a reasonable correlation of
the computed charge densities and bond orders within the framework of the
CNDO/2 method with vibrational and NMR spectroscopic data.

EXPERIMENTAL

The compounds were synthesized as reported previously.” ! The '"H NMR spectra were measured on a
Bruker WH 270 MHz spectrometer in perdeuterated ethanol for Etu and in CDCl; for the remaining
compounds using TMS as internal reference. *C NMR spectra were obtained using the same instrument
operating at 67.89 MHz at 20° in Fourier transform mode under conditions of complete proton-noise
decoupled as well as off-resonance decoupled mode. The samples were dissolved in suitable solvents as
above and containing 2% TMS.

COMPUTATIONS

The calculations were carried out on a DEC 1090 computer. SCF MO calculations were performed
within the frame work of the all valence electron CNDO/2 approximation with Pople’s original para-
metrization.!” A full basis set of orbitals was used including the 3d orbitals of sulfur. The geometry of
Oxo, Tzdt and Etu were transferred from the results of X-ray diffraction studies.'®?° The molecular pa-
rameters of Oxt were transferred from Oxo with the C=S bond length value assumed the same as in
Tzdt. The calculations were not made for Tzse since the program was limited to the second row
elements.
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