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Infrared spectrum of N,N-dimethylthioacetamide (DMTA) has been recorded in the region 250—4000 cm-1.
Normal vibration analysis has been carried out employing Urey-Bradley force field and assignments are made and

supported by comparison with related molecules.

The complexes of DMTA with cobalt(II), copper(I), and

mercury(II) chlorides have been prepared and their infrared spectra recorded. The frequency shifts in metal
complexes are in accord with the assignments of C=S and C-N frequencies.

Although the normal vibrations of primary and
secondary thioamides have been well investigated,!2
no detailed study of tertiary thioamides seems to have
been made. It is only recently we made a normal
vibration analysis of N,N-dimethylthioformamide
(DMTF) to know the detailed nature of the vibra-
tions.®) It was considered worthwhile to study the
normal vibrations in the next higher thioamide, N,N-
dimethylthioacetamide (DMTA). In this paper, the
normal coordinate treatment of DMTA employing
Urey-Bradley force field (UBF) is reported. The
preparation of the complexes of DMTA with the
chlorides of cobalt(II), copper(I), and mercury(II) and
their infrared spectra are also included. The assign-
ment of the infrared frequencies are discussed by com-
parison with related molecules and also from frequency
shifts in metal complexes.

Experimental

Materials Employed. N,N-Dimethylthioacetamide was
synthesized by treating “high purity’”’ N, N-dimethylacetamide
(obtained from National Chemical Laboratory, Poona, India)
with phosphorus pentasulphide (Merck) in benzene (A. R.
Grade) according to the general procedure of Hofmann.®
It was repeatedly recrystallized from n-hexane. CoCl,-
6H,0, CuCl,-2H,0, and HgCl, were of A. R. Grade quality.
Distilled ethanol (99%) was used.

Preparation of Complexes. Dichlorobis(DMTA) Cobalt-
(1I): 1t was prepared by mixing ethanol solutions of DMTA
and cobalt(II) chloride according to the reported procedure®
(Found: Co, 17.03; S, 18.669%,. Calcd for CoCl,-2DMTA:
Co, 17.54; S, 19.05%.).

Chloro-(DMTA) Copper(I): An ethanol solution of DMTA
was mixed with copper(II) chloride in ethanol, when copper-
(IT) gets reduced to copper(I) and an yellow precipitate of
the cuprous complex was obtained. It was filtered off,
washed thoroughly with ethanol followed by carbon disulphide
and dried in vacuum (Found: Cu, 31.23; S, 14.909%,. Calcd
for CuCl-DMTA: Cu, 31.43; S, 15.849%,.).

Dichlorotetrakis(DMTA) Mercury(II): The above method
was followed for its preparation. The resulting white pre-
cipitate was filtered, washed with ethanol and dried in vacuum
(Found: Hg, 30.30; S, 18.419,. Calcd for HgCl,-4DMTA:
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Hg, 29.34; S, 18.729%,.).

Analysis. The complexes were analysed for metal and
sulfur by standard methods.

Infrared Spectra. The infrared spectra of DMTA and
its complexes were taken in Nujol mull and KBr pellets on a
Carl-Zeiss UR 10 spectrophotometer in the range 4000—
400 cm, and on a Perkin-Elmer grating spectrophotometer,
521 in the range 400—250 cm .

Normal Coordinate Treatment

The molecule DMTA belongs to the point group Cs
and its 39 fundamental vibrations are classified as 24 A’
and 15 A" vibrations. The secular equation of the
Wilson’s GF matrix was solved for A’ vibrations only,
which were of interest in the present study. Further,
the six C-H stretching modes were split off for simpli-
fication. The internal coordinates are defined in Fig.
1 and the symmetry coordinates are listed in Table 1.
The structural parameters were taken from DMTF.?
The C-C’ bond length was assumed to be 1.54 A and
the angles around carbon, tetrahedral. An IBM com-
puter 360/44 was used.
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Fig. 1. Internal coordinates for DMTA.

Force Field. It is noteworthy that the UBF has
been found to be very effective in the vibrational
analysis of thioamide derivatives.1=3:®) It is for this
reason that UBF was chosen for our calculations.

6) R. K. Gosavi, U. Agarwala, and C. N. R. Rao, J. 4mer.
Chem. Soc., 89, 235 (1967).
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TABLE 1. SYMMETRY COORDINATES FOR DMTA

Symmetry coordinate Description™
Si=(r+r)//2 Sym C’N str
Sae=(rn—"n)/v/2" Asym C'N str
Sy=r1, CN str
Sy=1, CS str
Ss=rg CC’ str
Se= (20, —0ty—0t3)[/6 C’NC’ bend
Sr=(ag—05)/n/2" C’NC bend
Sy= (2004 — 0tz —0g) [n/6 NCS bend
So= (05— %) [n/2~ CCS bend

S10= (54+55+56_B4_—ﬁ5—ﬁs)/'\/6—
Su= (254_55—56)/\/6_

Sip= (2ﬂ4_ﬁ5_ﬂ6)/'\/6_

Sis= (251—52_53+251’—5z/_5s/)/4/1—2
S14= (251"52_53_251,+52'+5s/)/«/ﬁ

S15=(01+ 0540y —Pr—Bo—Ba+01/ 405"+ 65" =By — By — B') [/ T2
S16= (01003 — By — Ba—Po— 01" =0, — 05+ B/ + B+ By') /12

S17= (2B —Ba—Bs+ 2B/ —B,'—B5') /12
S13= (2ﬁ1“ﬁ2‘“ﬁ3_251/+ﬂzl+ﬂs/)/«/ﬁ

Sym (C)CH, def
Asym (C)CH, def
(C)CH, rock
Asym (N)CH, def
Asym (N)CH def
Sym (N)CH, def
Sym (N)CH, def
(N)CH, rock
(N)CH, rock

a) Sym is symmetric, asym is asymmetric and def is deformation.

TaBLE 2. FORCE consTanTs (in md/A) ForR DMTA

Stretching Bending Repulsion
Koy  3.40 Heuyer  0.180 Foo  0.25
Koy 5.75 H gy 0.20 Foo 0.55
K 3.74 Hyoy 0.150 Fyc 0.75
Ko 2.85 H o 0.390 Fyg 1.45
Intramolecular
tension (md A) Hrog 0.390 Fyo 0.60
koons —0.056 Hyey  0.30 Fyn 0.55
kncrs —0.050 Hyoroon 0.425 Foy 0.50

Hyee  0.255 Fun 0.05
Hyoroyn 0.410 F’ —0.1F

The initial set of UBF constants were taken from thio-
acetamide (TAM), N-methylthioacetamide (NMTA),
and DMTF.'-® The force constants were progressively
improved by an iterative procedure. Some of the
bending force constants in DMTA differ from, and the
stretching and repulsion force constants remain nearly
the same as those in TAM, NMTA, and DMTF.
Thus, the force field appears to be satisfactorily trans-
ferrable among related thioamide molecules. The
frequency fit is satisfactory except the rocking fre-
quencies which show comparatively large deviations
as are usually the case in the UBF. The final set of
force constants is given in Table 2.

TaBLE 3. OBSERVED AND CALCULATED FREQUENCIES OF DMTA AND THEIR ASSIGNMENTS

Frequencies, cm™

PED,> ¢,
Obsd Calcd A
1540 1536 0.26 S5(46), S15(16), Sy, (15)
1470 1475 0.34 $14(80), S15(19)
1462 0.54 815(42), 81,(30), S;,(11)
1429 2.11 8,5(50), S1,(28), S;5(10)
1430 1422 0.56 S16(96)
1405 1.75 S,15(44), S5(18), S,y(15)
1370 1373 0.22 S10(91)
1284 1279 0.39 8,(28), S4(17), Ss(15), Sy(11), S,(10)
1185 1154 2.62 8517(36), Sy5(14), S;4(12)
1130 1133 0.27 S,(26), S15(26), S5(24)
1060 1004 5.28 S,(39), S15(38)
1020 998 2.16 8,5(38), 8,7(22), S;(11)
870 867 0.34 8$1(37), 8,(24), S;,(15)
656 661 0.76 S1(44), S4(25), S5(17)
495 495 0 S3(40), S,(21), S,(16)
444 446 0.40 85(59), S5(12), S,(10)
300 300 0 Ss(79), Sy(13)
— 202 — S,(59), S5(33)

a) A=|vcalc—vobs| X 100/vobs; v denotes frequency in cm=1

b) Contribution less than 10% is not included.,
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TABLE 4. INFRARED FREQUENCIES IN THE RANGE 250—1800 cm™ ForR DMTA
COMPLEXES AND THEIR ASSIGNMENT

CoCl,

CuCl

HgCl,

[Vol. 45, No. 9

2DMTA DMTA 4DMTA DMTA Assignment®)
1580 vs 1590 vs 1610 vs 1540 vs v(C-N) +4,(N-CHj,) +r(N-CHj)
1465 s 1470 vs 1470 s 1470 s d,(CH,)N,C
1430 s 1430 vs 1410 s 1430 s 0,(N-CH,)
1385 vs 1385 s 1370 s 1370 s 0,(C—-CH,)
1285 vs 1262 vs 1270 vs 1284 vs v(C-C’) 4y, (C'-N) +v(C=S) 4o (NCS)
1192 vs 1190 m 1195 m 1185 s r(N-CH,) +8(N-CH)
— — — 1160 vw r(N-CHj) ;(A”)
1130 s 1115 1130 s 1130 s v,(C'N) 4-3(C-C) + r(N-CH,)
1060 s 1085 sh 1050 w 1060 w v, (C’-N)+r(N-CH,)
1030 vs 1025 s 1015 m 1020 vs r(CH;)N,C
862 s 845 m 860 vw 870's v, (C’-N) +»(CS)
845 m
655 vs 635 s 640 s 656 s V(C'-N) +v(C=S)+v(C-C")
542 vw 540 vw 535w 540 vw 7 (C-C');(A”)
498 m 485 w 498 w 495 m d(NCS)+d(CNC)
448 m 435 m 451 m 444 m 3(CCS)
428 vw 400 w 428 w 402 vw —
378 w 368 w 364 s 370 vw —
336 vw 340 vw 350 m 349 vw n(C'NC’);(A”)
325 vw
290 w 306 sh 284 sh 300 sh d0(C'NC)

a) v means stretching, =bending, r=rocking, 7=out-of-plane bending; s=symmetric and a=asymmetric; A" vibrations

are tentatively assigned.

Results and Discussion

The observed and calculated frequencies along with
the assignments from potential energy distribution
(PED) are given in Table 3. The infrared frequencies
of DMTA and its complexes in the region 250—1800
cm™! and their assignments are presented in Table 4.
A brief discussion of the assignment of the frequencies
is given below.

C-N and C=S Stretching Modes. From valence
bond concept, on coordination of the thiocarbonyl
sulfur to metal, the C-N stretching frequency is expected
to increase while the C=S stretching frequency show
a decrease. The C-N stretching frequency occurring
at 1540 cm~! in DMTA increases to 1580 to 1610 cm~1
in metal complexes and the increase is apparently
related to the metal ion. The C-N stretching fre-
quency has been reported to increase to 1600 cm~! on
S-methylation as expected.”? A band at 1560 cm~1 in
DMTTF has a similar assignment.®

Two bands at 870 and 656 cm—! have large C=S
stretching contribution, about 25%, in each -case.
These frequencies decrease to 862—845 and 652—
635 cm™1, respectively, in metal complexes.  The
decrease in the 870 and 656 cm~! bands is substantial
in the case of copper(I) and mercury(II), while it is
nominal in the case of cobalt(II). This is understand-
able since copper(I) and mercury(II) are known to
form stronger coordination bonds with sulfur donors
than cobalt(II). The 870 and 656 cm~! bands have
been found to shift to lower frequencies on “‘selenation”,

7) K. A. Jensen and P. H. Nielsen, Acta Chem. Scand., 20, 597
(1966).

i.¢., in N,N-dimethylselenoacetamide,”? to 834 and
606 cm~1, respectively. Similar downward shift in
these two frequencies has been noted on S-methyla-
tion.” These findings support the larger contribution
from C=S stretching to 870 and 656 cm~! bands. An
earlier assignment® of C=S stretching for a band near
1100 cm™! is thus not favoured.

Significant contribution of C=S stretching is seen
in the 1284 cm~! band also. This band also shows
smaller shift to a lower frequency by 10—15cm™! in
metal complexes except in the cobalt complex.

C'—N and C-C"' Stretching Modes. The asymmetric
C'-N stretching, unlike in DMTF and DMF® (N,N-
dimethylformamide), is highly coupled and is distrib-
uted in the frequencies at 1284, 1130, and 1060 cm~2.
The C'-N symmetric stretching has contributions in
the 870 and 656 cm™! bands. Their occurrence is
comparable with those of DMF and DMTF.®

Similarly, the C—C’ stretching is highly mixed with
other vibrations and has contributions in the frequencies
at 1284, 1130, and 656 cm~1. The assignment is com-
parable to that in NMTAY and N-methylacetamide.?
The C-C stretching has been located at 954 cm™! in
N, N-dimethylacetamide.1?

Skeletal Bending Modes. The bands at 495 and
444 cm~! are predominantly due to NCS and CCS
bending vibrations, respectively. The corresponding
bands in thioacetamide have been found) at 470 and
380 cm~1. No gradual change in frequencies has been

8) C. Collard-Charon and M. Rensen, Bull. Soc. Chem. Belges.,
72, 304 (1963).
9) T. Miyazawa, T. Shimanouchi, and S. Mizushima, J. Chem.
Phys., 29, 611 (1958).
10) . R. L. Jones, J. Mol. Spectrosc., 11, 411 (1963).
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observed for these bands in complexes, probably because
of their possible different structures.

C-CH, and N-CHj Bending Modes. The sym-
metric and asymmetric deformations at 1370 and
1470 cm™1, respectively, and the rocking mode at
1020 cm™! for C—CH, group compare well with those
in related molecules.1»?1?) Similarly, the symmetric
and asymmetric bending modes of the N-CHj group
are easily located at 1430 and 1470 cm™!, respectively
and the rocking modes at 1185 and 1060 cm~1.9-1%)

Frequency Shifts in Metal Complexes. Although
cobalt(IT) complexes were known earlier,® no infrared
study concerning DMTA has been reported. The

11) Y. Mido and H. Murata, This Bulletin, 42, 3372 (1969).
12) H. A. Szymanski, “Theory and Practice of IR Spectroscopy,”
Plenum Press, New York (1964), pp. 209—213.
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complexes of copper(I) and mercury(II) chlorides are
new. The effect of complex formation on C=S and
C-N stretching frequencies was pointed out earlier.
It is satisfying to note that the expected frequency
shifts have been realised. The NCS bending frequency
may be expected to show a small increase on coor-
dination to metals. However, this band is nearly
stationary, except for 3 cm~! raise in mercury and
cobalt complexes. This may be attributed to the
complicated nature of coupling in the 495 cm™! fre-
quency and also to the different structures of the com-
plexes.
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