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586. The Infrared Absorption of Norm.al and W-Label led 
NN-Dimethylbenxamide. 

By S. PINCHAS, DAVID SAMUEL, and MARTA WEISS-BRODAY. 

The infrared absorption spectra of normal and 69 atom % ls0-labelled 
NN-dimethylbenzamide in the 3700-670 cm.-l region were measured for 
carbon tetrachloride solutions and, where not possible, for Nujol mulls. The 
origins of the bands are discussed in relation to the shifts brought about by 
the isotopic substitution. Since the measured shift of 24 cm.-l in the tertiary 
amide C=O stretching frequency is equal to the corresponding shift of benz- 
amide and its N-methyl derivative the “ amide I ” band of even the primary 
amides is a real C=O band. 

The molecular extinction coefficient and relative integrated absorption 
intensity of the C=lsO band were found to be about 25% higher than the 
corresponding values for the C=l60 frequency, both for CCI, and for CHCI, 
soh tions . 

IT was shown recently that 180-labelled benzamide and N-methylbenzamide behave 
differently from the other substances studied which contain an X=l80 group (X = C 
or P) by absorbing considerably more strongly (in CCl, solutions) than the corresponding 
normal compounds, a t  the X=O stretching frequency. I t  was thus of interest to 
investigate also the infrared absorption of the tertiary amides of this series i.e., normal and 
labelled NN-dimethylbenzamide. The spectra of these compounds are also significant 
in interpretation of the characteristic amide bands. However, the infrared spectrum of 
even the unlabelled NN-dimethylbenzamide does not seem to have been reported. 
Samples of the normal and 68.7 atom yo [180]-labelled NN-dimethylbenzamide were there- 
fore synthesised and their infrared absorption bands were investigated (see Table 1 where 
the optical densities are in parentheses after the frequency). 

The 3060 cm.-l band is due to the aromatic C-H stretching vibration; 2940 cm.-l is 
the asymmetrical methyl C-H stretching frequency : normal N-methylbenzamide shows 
the methyl band a t  the same place.2 The band that appears in the carbon tetrachloride 
solution spectrum of the normal amide at  1640 cm.-l and is shifted to 1616 cm.-l in the 
case of the 180-labelled compound is no doubt the C=O stretching band. The fact that this 
isotopic shift is the same as that for the analogous primary benzamide and secondary 
N-methylbenzamide (24 cm.-l) shows again that this “ amide I ” band is in practice a 
real C=O stretching absorption even though extensive coupling with an N-H bending or a 
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C-N stretching mode of vibration is often suggested for it.596 Since the tertiary NN-di- 
methylbenzamide does not contain an N-H group and its normal C=O and C-N bands 
(amide I and I11 bands, respectively) are at considerably different frequencies from, for 
instance, their positions in benzamide (in CC1,: 1640 and about 1390 cm.-l, compared 

TABLE 1. Absorption bands of normal and W-label led NN-dimethylbenzamide. 
Cell- 

thickness 
Material State Concentration (mm.) Bands (cm.-l) 
Normal Solution 0.040 g. f CCl, 1 ml. 0.2 3060 (0*04), 2940 (0-18), -1638 (> l ) ,  1578 

(0-22), 1504 (0*35), 1446 (0*36), 1388 (0*84), 
1267 (0*34), 1214 (0*22), 1075 (0*47), 1027 
(0-14), 927 (0.06) 

69% l 8 0  Solution 0.026 g. f CCl, 1 ml. 0.2 3060 (0.08), 2940 (0.18), -1615 (> l ) ,  1576 
(0*20), 1504 (0*20), 1443 (0.22), 1389 (0*61), 
1261 (0-18), 1215 (0.12), 1072 (0*33), 1027 
( O * l l ) ,  927 (0.05) 

Normal Solution 9 g./L in CC1, 0.2 1640 (0.48) a 

69% l80 Solution 10 g./l. in CCl, 0.2 1616 (0.49) a 

Normal Solution 8 g./l. in CHC1, 0.2 1622 (0.45) a 

69% l 8 0  Solution 8 g./L in CHC1, 0.2 1602 (0.44) 
Capillary 791, 733, 696, 673 

69% 1 8 0  Mull in Nujol b - *Capillary 789, 734, 696, 674 
Normal Mull in Nujol b - 

a Measured precisely and only in this region. Measured only in the 830-670 cm.-l region 
(where CCl, is not transparent). 

with 1690 and 1358) , one would expect that an appreciable coupling of N-H bending or 
C-N stretching with the C=O stretching in any (or all) of these amides to change the iso- 
topic shift of the amide I band considerably from 24 cm.-l. 

The 1576/8 and 1504 cm.-l bands are probably due to the phenyl ring vibrations of 
this region; the 1575/8 cm.-l band of N-methylbenzamide was assigned similarly.2 The 
1443/$ and 1388/9 ern? absorptions must be assigned to the asymmetrical and symmetrical 
methyl C-H bending vibrations, respectively. In N-methylbenzamide these vibrations 
bring about bands at 1484 and 1415 cm.-l. The effect of the nitrogen atom, to which these 
methyl groups are bound, on their bending frequencies (causing them to shift from about 8 

1460 and 1380 cm.-l) is, however, expected to be different in the NN-dimethylbenzamide 
case both because it is here split over two such groups and because the steric structure of 
this amide is different from that of N-methylben~amide.~ It is reasonable to assume that 
the very strong absorption at about 1390 cm.-l also includes the =C-N stretching band 
which appears in benzamide at about 1360 cm.-l and should rise in frequency with methyl 
substitution on the nitrogen .5 

The band which appears in the normal spectrum at 1267 cm.-l and is shifted by l*O- 
labelling to 1261 cm.-l seems to be due to the asymmetrical C-CO-R stretching vibration, 
in analogy to the 1203 cm.-l band of benzoyl chloride,3c the 1250 cm.-l band of propionyl 
chloride,lO and the 1200 cm.-l bands of ketones.ll The material shift of 6 cm.-l because of 
l80-labelling strongly supports this assignment. A similar band also appears in the 
spectra of (melted) NN-diethylbenzamide l2 (at about 1280 cm.-l), (liquid) NN-dimethyl- 
formamide 13 (at 1255 cm.-l), NN-dimethylacetamide l2 (at about 1260 cm.-l), and NN-di- 
ethylacetamide l2 (1270). 
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The absorption at about 1214 cm.-l seems to be connected with the relatively high 
intensity of the 1072/5 cm.-l band which amounts here to about 30% of the C=O band 
intensity while it is less than 10% in the case of N-methylbenzamide.2 It appears reason- 
able to assume that these bands are due, to a large extent, to an asymmetrical and a 
symmetrical stretching vibration of the CH,-N-CH, group, respectively. Colthup l4 also 
assigns two bands at about 1180 and 1080 cm.-l to tertiary amines; these bands are the 
result of the C-N stretching motions.15 Dimethylformamide shows l3 similar bands at 
1181 and 1094 cm.-l. The band observed at about 1155 cm.-l in the spectra of N-methyl- 
acetamidel6 and N-rnethylbenzamide2 can also be a C-N stretching15 rather than an 
N-CH, rocking l6 band. 

Part of the 1072/5 cm.-l absorption, as well as the 1027 cm.-l band, seems how- 
ever to come from in-plane C-H bending frequencies of a monosubstituted benzene,17 since 
N-methylbenzamide also shows such bands at 1071 and 1030 cm.-l. 

The 927 cm.-l band is probably the result of the C,,-CO stretching vibration, in analogy 
to the 935 cm.-l band of N-methylbenzamide.2 

The bands observed with Nujol mulls of the isotopic NN-dimethylbenzamides at  about 
790,696, and 673 cm.-l correspond to similar bands at about 802, 696, and 685 cm.-l in the 
spectrum of N-methylbenzamide which were assigned to aromatic C-H out-of-plane bend- 
ing frequencies.2 The additional absorption of the tertiary amides at  733/4 cm.-l may be 
the (CH,),N-analogue of the (CH,),CH-deformation band l8 at about 800 cm.-l. Dimethyl- 
amine l9 also shows a (very intense) band at about 735 cm.-l. 

The value of 1640 cm.-1 given in Table 1 for the C=O stretching band of normal NN-di- 
niethylbenzamide, although somewhat lower than recently reported 2o (1644 cm.-l) is in 
excellent agreement with the same value for this band in the case of NN-diethylbenz- 
amide.21 The published curve of the latter,12 shows in the 5-43 p region bands near 1650, 
1530,1470,1440,1380, 1315, and 1280 cm.-l, similar to those of Table 1. 

The Intensity of the Isotopic C=O Bands.-Optical-density measurements results for the 
G O  stretching bands of the normal and 180-labelled NN-dimethylbenzamide are collected 
in Table 2, with related results. It is evident that for NN-dimethylbenzamide, as for 

TABLE 2, Absorption intensity of the C=O NN-dimethylbenzamide bands. 

Materia 
Normal 
Normal 
6!) atom % 1 8 0  
6!) atom yo 1 8 0  
Normal 
69 atom yo 1 8 0  

60 atom yo l80 

Cell- Fre- 
Concn. thickness quency 

Solvent (g./l.) (mm.) (cm.-l) 
CCl, 8.95 0.2 1640 
CCl, 8-35 0.2 1640 
CC1, 10.0 0-2 1616 
CC1, 11.3 0-2 1616 
CHCl, 7-55 0.2 1622 
CHC1, 7.7 0.2 1602 
CHC1, 12.9 0.2 1602 

Optical 
density 
0-480 
0-461 
0-464 a 

0-563 a 
0.431 
0-394 a 
0.664 a 

Mol. extinc- 
tion coeff. 
(1. mole-I 

cm.-l) 
400 f 6 
411 f 19 
510b f 10 
547b f 30 
425 f 16 
562b rt 11 
565b f 20 

Apparent 
half- 

width 
(cm.-l) 
22 
23 
21e 
22 = 
28 
25.2 
24e 

Integrated 
absorption 
(1. mole-l 

cm.-2) 
8800 f 400 
9500 f 500 

10,700 f 300 
12,000 f 1000 
11,900 f 800 
14,200 f 300 
13,600 f 500 

a Corr. for the absorption of the normal amide a t  this point. b Corr. for the lower effective con- 
e Calc. after absorption of the normal amide had been subtracted. centration of the labelled amide. 

benzamide and N-met hylbenzamide,2 there is a considerable increase in the relative 
integrated absorption intensity of the C=l80 band. Thus the mean value for this intensity 
is 9100 & 400 units for the normal amide in carbon tetrachloride solution but 

l4 Colthup, J .  Opt. SOC. Amer., 1950, 40, 397. 
l5 Ref. 4, p. 531. 
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11,300 5 700 units for the labelled amide (in CCl,), an increase, due to the ls0-labelling, 
of about 24%. I t  is remarkable that the corresponding values of the N-methylbenzamides 
are 8900 & 300 and 10,900 5 300 units, and 22%. The values for the benzamides are 
also in line, being 10,400 and 12,800 units, an increase of 23%. 

The results for the chloroform solutions of the NN-dimethylbenzamides similarly show 
a marked increase in the absorption intensity of the 180-labelled modification (11,900 rfr 800 
to 13,900 & 300). This behaviour of the tertiary amide is, however, different from that 
of benzamide 1 and N-methylbenzamide 2 the chloroform spectra of which do not show a 
significant change of intensity between the isotopic modifications (about 14,500 units with 
benzamides and about 12,000 with the N-methylbenzamides). It is also noteworthy 
that the width of the labelled tertiary amide CO band is as a rule lower than for the normal 
tertiary amide, while the opposite is true for the secondary benzamides2 The reason for 
these anomalies is unclear, 

Ultraviolet A bsor+tion.-NN-Dimethylbenzamide, when dissolved in propan-2-01, 
showed (above 2200 A) a single maximum of absorption a t  2260 A with a log E of 3.83 (in 
ethanol, 3.87). The 180-labelled compound under identical conditions, however, showed a 
doublet a t  2210 and 2280 A with log E 3.81 and 3.71 respectively. The reported absorption 
band of the normal compound22 in methanol appears a t  2250A (log E 3-78). Lower 
ultraviolet absorption intensities (and a small change of the spectrum) as a result of 
exchanging an X=lSO group for X=lSO have been observed for [180]nitromethane and 
[180]ben~~phen~ne.23 Methyl benzoate 3e also shows differences in the intensity of its 
ultraviolet absorption as a result of 180-labelling. 

EXPERIMENTAL 
NN-DiunethyZ[leO]benzamide.-Dry dimethylamine was bubbled through [180]benzoyl 

chloride Sc (2.5 g.) in dry ether, with cooling, to saturation. The precipitate was filtered off and 
washed repeatedly with dry ether. The combined filtrates were dried (Na,SO,) and evaporated 
to dryness. The NN-dimethylbenzamide (both portions), recrystallised from light petroleum, 
had m. p. 39-41" (Lieberman 24 gives m. p. 38-40" for the normal amide) (yield 90%). Care 
should be taken not to heat the amide a t  any stage above 30" to avoid difficulties in crystallis- 
ation. The product was analysed for its 1 8 0  content as described by Samuel 25 and was found 
to contain 68.7 atom %. The normal amide was prepared in an anslogous manner, and had the 
same m. p. 

Infrared and ultraviolet absorption measurements were carried out as already d e ~ c r i b e d . ~ ~  
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