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Summary. The infrared spectra of twenty-two ortho-substituted acetanilides (1a-1v) in CCl, and
CHCl; were measured in the region of the C=0 and NH stretching vibrations and compared with
those of para-substituted acetanilides (2a-2i). The wave numbers of the C=O stretching vibrations
were analyzed using empirical substituent constants and single- and multiparametric correlations. On
the basis of the above approaches, the separation of the polar effects into inductive, field, resonance,
and steric components has been assessed for the ortho-substituted series. For compounds containing
polar substituents with double bonds, specific vicinal effects caused by intramolecular hydrogen
bonding have been observed. The conformations of ortho-substituted acetanilides la-1v were
studied by both infrared spectroscopy and AM1 calculations.

Keywords. ortho- and para-Substituted acetanilides; Carbonyl stretching vibration wave numbers;
Correlations with substituent effects; Theoretical MMPI and AM1 calculations.

Infrarotspektren von ortho-substituierten Acetaniliden: Nachbargruppeneffekte
und Konformation

Zusammenfassung. Die Infrarotspektren von 22 ortho-substituierten Acetaniliden (1a—1v) in CCly
und CHCl; wurden im Bereich der C=0- und NH-Streckschwingungen gemessen und mit jenen von
para-substituierten Acetaniliden (2a-2i) verglichen. Die Wellenzahlen der C=0-Streckschwingun-
gen wurden mit Hilfe empirischer Substituentenkonstanten und ein- und mehrparametriger Korre-
lationen untersucht. Auf dieser Grundlage konnte fiir die ortho-substituierte Reihe eine Zerlegung
der polaren Effekte in induktive, feldbedingte, resonanzabhingige und sterische Komponenten er-
zielt werden. In Verbindungen mit Doppelbindungen enthaltenden polaren Substituenten wurden
durch intramolekulare Wasserstoffbriickenbindungen hervorgerufene spezifische Nachbargruppen-
effekte beobachtet. Die Konformationen der ortho-substituierten Acetanilide 1a—1v wurden sowohl
infrarotspektroskopisch als auch mittels AM1-Rechnungen untersucht.

Introduction

Acetanilides represent an interesting model system for biologically and bio-
chemically important molecules containing a conformationally and tautomerically
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flexible peptidic fragment. The structures of some acetanilide derivatives have been
investigated previously [1-6]. The substituent effects in a series of para-substituted
acetanilides have been studied using 'H NMR chemical shifts and wave numbers
of carbonyl stretching vibrations [7]. Recently, Kolehmainen et al. [8] have
investigated in detail the substituent effects and conformation of ortho-substituted
acetanilides using multinuclear NMR data and molecular mechanististic calcula-
tions. However, the above mentioned methods were not able to provide enough
informations and evidences about the patterns of vicinal interactions arising from
intramolecular hydrogen bonding in the ortho-substituted parts of the molecules.
Therefore, we have measured the infrared spectra of a series of twenty-two ortho-
substituted acetanilides (1a—1v) in diluted solutions of CHCI; and CCl, in the
regions of 1730-1630 and 3470-3290 cm ™.
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The spectroscopic properties of the above compounds were compared with
those reported previously [7] for a series of para-substituted acetanilides (2a—2i).
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2e I

Results and Discussion

Due to their conformational flexibility, ortho-substituted acetanilides can theo-
retically exist in four isomeric forms (3—-6) which result from restricted rotation
around the CH-NH and NH-CO bonds.
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Moreover, a ketoamino-enolimino tautomeric equilibrium can occur resulting
in two further possible (7 and 8).
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The existence of structures 7 and 8 is, however, can most probably be excluded
because all investigated ortho-substituted acetanilides (la—1v) exhibit strong ab-
sorption bands belonging to the C=0 stretching vibration of the amide group
(Table 1). The solvent effect on the wave numbers of these bands (passing from
CCl, to CHCly) is rather strong; in most cases, a shift of 22-14 cm™! is observed.
The v(C=0) absorption band for unsubstituted acetanilde 1k is observed at 1706.4
cm™! in CCl, and can be assigned to molecules without hydrogen bonding
interaction. At increased concentrations of the compound in CCly, a shoulder at
1691.8 cm™! appears, and its intensity continuously increases with increasing con-
centration (Fig. 1). This effect can be assigned to the C=O stretching vibration of
hydrogen bonded ‘cyclic dimers’ (9) which are in the equilibrium with ‘monomeric’
molecules in one of the possible conformations 3-6 and are rather common in the
case of secondary amides [9-10].

X
@IN/H—-—ON/CH;,
HaC/kO——H)j@
X

9
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Table 1. Infrared spectroscopic data of ortho-substituted acetanilides

v(C=0) (cm™") Y(C=0) (cm™!)
Compound _—
cCly, CHCl, CcCl,

1a 1694.0 1677.2 3359.6
1b 1701.2 1684.8 3438.0
1c 1702.4 1681.6 3433.2
1d 1706.8 1691.2 3359.2
1le 1705.6 1685.6 3459.6
1f 1704.4 1684.8 3462.4
1g 1705.2 1684.0 3464.0
1h 1704.4 1684.5 3495.8
1i 1706.0 1686.4 3430.4
1j 1711.6 1692.0 3449.6
1k 1706.4 1687.6 3446.0
11 1712.4 1609.2 3428.8
1m 1712.0 1696.8 3420.0
1n 1712.4 1698.0 3416.8
1o 1716.8 1701.2 3400.0
1p 1721.6 1702.8 3420.8
1q 2 1673.6° a

1r a 1684.8° a

1s 1692.8° 1687.24 3324.8
1t 1706.8° 1694.0F 3320.0
1u 1706.08 1690.4" 3298.0
1v 1716.8 1709.2 3368.0

® Insoluble; ® v(C=0) for CONH, group: 1665.2 cm™'; © w(C=0) for COOCH;
group: 1692.8 cm™'; ¢ w(C=0) for COOCH; group: 1700.0 cm ™! *y(C=0) for
COCgHs group: 1639.2 cm™'; f w(C=0) for COCHs group: 16364 cm™!;
¢ (C=0) for COCH; group: 1657.2 cm~!; ® w(C=0) for COCH; group:
1654.0 cm ™!

The occurrence of hydrogen bonds suggests that the investigated ortho-sub-
stituted acetanilides must exist preferably in conformation 3 or 5.

The sharp medium intensity absorption bands of ortho-substituted acetanilides
in the region of 3455-3298 cm™! can be assigned to the NH stretching vibration
of the ‘monomeric’ molecules, whereas the broad absorption bands of very litle
intensity at ca. 3100 cm™! (observed in concentrated solutions) belong to the NH
stretching vibrations of the intermolecularly hydrogen bonded ‘dimeric’ species 9.

The correlation of the empirical infrared spectroscopic data, i.e. the W(C=0)
and v(N-H) values, with substituent constants for series 1 and 2 are listed in Table 2.
Applying a single parametric approach to the wave numbers of the carbonyl
stretching vibration, it is evident that the statistically most significant ones are the
correlations with Hammett’s o p constants in both series. For the ortho-substituted
acetanilides, only the first sixteen compounds (1a—1p) from Table 1 have been used
in the correlations. Compounds 1g—1v do not follow the correlation for v(C=0)
values, since they always exhibit absorption bands lower by 7-26 cm ! in CCl,
and 3-18 cm™! in CHCI; than expected from correlation equations. This can be
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reasonably explained by the existence of specific vicinal effects between the ortho-
substituents and the acetylamino moiety. In the case of compounds 1g-1u, an
intramolecular hydrogen bond is formed between the C=O group of the ortho-
substituent and the NH group of the acetylamino function, shaping a six- or a
seven-membered ring (10 and 11).
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In ortho-nitroacetanilide (1v), most probably an intramolecular hydrogen bond-
ing occurs (12) between the nitro group oxygen and the acetylamino hydrogen atom.



A. Perjéssy et al.

546

panwo ny-sy ‘dy ‘pr—e] spunodwoo ; 119 = %% , ‘Panuuo

P1 punoduiod p 8VY = &% , PoNIWO O] punoduwiod ; ‘SUOLR[SLIOD Y} JO Oljel-, 9Y) ST PUB ‘UOTBIASD PIEPUE)S O] ST § “JUSIOIF200 UOTIR[ALIOD ST 4 “UOTB[III0D
a1 ut pasn spunoduwions o Iaquunu 9y st u [$1] oy woif (o Lo) voneoyipowr yisvuigf, $it 10 pue [¢1] Jo WoIf uaye) 31om (Papue ‘Po ‘10) suoryenba uoLivy)) oY)
107 sjuRISuo0 9y ‘[71] IOy WOI usel axam (g ) uonenbo uordnT-u1pmg 34) 10J SYULISUCD 9y} ‘[TT] "Joy WoIy Uaye) o1om |0 pue 4o sjueIsuoo Juemusqns A, |,

9SPre - - LS'8F0SL6— 621 098 €960 4 - - Y 20 H-NA (4
1°SOLT - LT'9OF61'L 88'CF18'81 9¢ 01'C 0L6'0 01 -~ do-jo do YIDD (0=D) 4
0'SOLY - 0LTFE0ET 86°TF80°LT 69 6381 9L60 01 - o o YIDD (0=D)4 4
PPOLT  SPEFLS'T TFEFIT'T T6'EF]S LI ¥ 09°C 0960 01 4 o o DD (0=D)4 4
0'SOLT - 1T°¢F8TIT 09°¢F66'LT of T 6560 01 - Po Lo IDD (0=D)4 T
0'SOLY - OT'EFS8CET 9¢ €F6891 172Y €1'T 6960 01 - v 3 D0 (O=D) 4
9'90LI - - SSTFIFST 86 12T 7960 01 - - fo Y100 (0=D)a 4
8'€0LT - - LOTFOTIT 901 S1'C ¥96°0 01 - - 4o 10D (0=D)4 4
¥'2691 - - €6'TF99°11 9¢ v0'y 6580 pST - - fo fDHD  (0=D) I
70691 - - 88 TF8€0T 811 6S'C St6°0 91 - - d  €pHD (0=D)a I
¥'SOLT - LOYFYLTI— P8 IFLTOT 16 8L'T 696°0 ST - do-jo ‘o 40 0] (0=D)4 1
CLOLT  PYIFLOO 68 1F60°LT 68'1F9L8T 16 151 6L6°0 91 #a %o o 100 (0=0)4 1
€ LOLT - TUTF60LL 6L TFPL8T 8¥1 Sl 6L60 91 - %o o DD (0=D)a I
6'90LT YL 1FT00— L6 1FH161 PCTF61TT 19 8¢'1 8960 91 4 Po lo o] (0=D)a 1
6'90L1 - 8C TFHI161 PITFOT LT 86 9.1 8960 91 - Po Lo DD (0=D) I
€ LOLT - LIETIFIL9T 79’1 F 78’81 LLT ce'T 7860 91 - Vi 5 1D (0=D 1
6'60LT - - OT'TF6Ill P01 0€T £V6°0 ST - - Lo 12D (0=0)4 1
6'80L1 - - 00’ TFIL8T 87¢ 8¢l 6L6'0 91 - - o DD (0=D) 1

q &P L Y d s A u X X X JudAJoS £ someS

q+ X+ Xe + xe= A

J7—87 SopI[Iue)ooe

pammsqns-niod im vostedwiods ur dj—e] SIpIIURIAcE PSIIISqNS-0yAo JO SJUBISUOD Juomusqns yi eiep drdoosonoeds pareyur jo uonepuo) g dGEL



Infrared Spectra and Conformation of ortho-Substituted Acetanilides 547

Table 3. Separation of the overall substituent effect

Slope of the correlation

Substituent Equation
constants Series 1 Series 2

F 18.8 > 16.9 Swain-Lupton
R 16.8 < 23.6

%R 44.8 < 61.1

o1 22.2 > 17.6 Charton

G4 19.1 > 22.2

Vef 0.0 =~ 1.6

oy 18.8 > 17.1 Charton

o 17.1 < 23.0 (modified by Tomasik)
Vet 0.1 = 0.2

r —0.78 < 0.38 Yukawa-Tsuno

Multiparametric correlation approaches have been used for analyzing the wave
numbers of C=0 stretching vibrations in order to study the separation of overall
substituent effect into inductive, field, resonance, and steric components. The
comparison of the slopes a',a?, and a® corresponding to substituent constants
x!,x?, and x> of ortho-substituted acetanilides with those for the para-substituted
series is schematically illustrated in Table 3. It follows from the above table that
both inductive and field effects are always more important in the case of ortho-
substituted compounds (1), whereas the transmission of resonance effects is more
significant in the para-substituted series (2). The correlations, including Charton’s
sterical constants (v.s), indicate that the steric effects of substituents X on the C=0
stretching vibration are rather negligible in both series.

Finally, it follows from Table 2 that the wave numbers of the NH stretching
vibration of ortho-substituted acetanilides 1 which are free of intramolecular
hydrogen bonds also correlate satisfactorily with Hammett’s o, constants. From
this correlation, however, compounds 1a-1d, 1p and 1s-1u must be excluded. That
means that not only vicinal interactions of type 11 and 12 occur, but that the NH
group also slightly interacts (via intramolecular hydrogen bonding) with ortho-
substituents containing a heteroatom with lone electron pairs in the a-position, i.e.
N, S, and O.

The theoretical calculations were carried out by the AM1 quantum chemical
method using full optimization and standard parametrization [16]. The input data
were obtained by the molecular mechanistic MMX method [17]. For unsubstituted
acetanilide (1k), the heats of formation (AHy) were calculated for all theoretical
possible conformations and tautomeric forms 3-8. In the case of compound 1Kk, the
forms 3 and 5 and 4 and 6, respectively, are mutually identical, and the difference
between AH; for two existing conformations 3 and 4 is only 1.2 kJmol~!; con-
formation 4 is slightly more advantageous than the conformation 3. The tautomeric
forms 7 and 8 are by 67 kJmol~! and 35 kJmol ! less stable than the conformations
3 and §, respectively, form 8 being the more stabilized one. This is probably due to
the formation of an intramolecular hydrogen bond between the OH group and the
m-electrons of the benzene ring. To distinguish the differences between the heats of
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formation of conformations 3—6, the data for substituted compounds of series 1
should be compared. For this purpose, the AH; values were calculated for two
selected ortho-substituted acetanilides (la and 1p) bearing substituents with
extreme electron withdrawing and electron donating effects. The results show that
the conformations 3 and 4 are by 6.7-21.3 klmol~! more stable than the
conformations 5 and 6, where the CH3 or C=0O groups are sterically hindered by
the ortho-substituents X. For all ortho and para-substituted acetanilides
investigated the electronic structure and optimal geometry has been calculated
for conformations 3 and 4. The C=0 and NH bond orders are listed in Tables 4 and
5. Tt follows from the differences between the heats of formation and from the
rotation angles that the most preferred conformation is 4. The energy differences
between two conformations are rather small (in most cases less than 15 kJmol™!);
therefore, conformations 3 and 4 probably exist in a thermodynamic equilibrium at
room temperature which can be shifted towards 3 as a consequence of
intramolecular hydrogen boding, i.e. ‘dimerization’ (9). In the case of compounds
undergoing intramolecular hydrogen bonding interactions of types 10-12, the
differences between the heats of formations for conformations 3 and 4 are up to
14 kJmol~! due to a better coplanarity of the whole system. This effect is accom-
panied by a diminution of the rotation angles of the acetyl group as well as of the

Table 4. Theoretical data for ortho-substituted acetanilides

Conformation 2 Conformation 4
p(C=0) p(NH) AH; p(C=0) p(NH) AH;
(kJ-mol™1) (kJ-mol~ 1)
1a 1.7609 0.8821 -21.7 1.7631 0.8898 —23.8
1b 1.7693 0.8839 —215.1 1.7675 0.8936 -222.1
1c 1.7606 0.8817 83.2 1.7723 0.8909 81.3
1d 1.7692 0.8781 —60.2 1.7730 0.8793 —65.7
1e 1.7640 0.8867 -92.1 1.7761 0.8973 -93.2
1f 1.7626 0.8857 —112.5 1.7766 0.8972 —112.8
1g 1.7628 0.8853 —126.8 1.7765 0.8955 —126.8
1h 1.7606 0.8824 —117.1 1.7746 0.8915 —117.3
1i 1.7677 0.8837 49.8 1.7743 0.8919 44.6
1j 1.7788 0.8861 —248.5 1.7783 0.8948 —254.8
1k 1.7665 0.8882 —61.6 1.7710 0.8988 -62.8
11 1.7766 0.8822 —89.2 1.7805 0.8903 -94.6
1m 1.7796 0.8796 13.0 1.7846 0.8879 6.8
In 1.7787 0.8801 -37.1 1.7830 0.8878 —43.1
1o 1.7941 0.8785 —713.8 1.7924 0.8912 -7234
ip 1.7890 0.8828 73.1 1.7900 0.8938 64.3
1q 1.7594 0.8655 -211.6 1.7666 0.8766 -217.3
1r 1.7938 0.8797 —218.7 1.7713 0.8747 —-233.2
1s 1.7893 0.8667 —410.2 1.7788 0.8733 —420.6
1t 1.7905 0.8812 —65.6 1.7794 0.8796 -79.3
Tu 1.7912 0.8773 —212.3 1.7800 0.8772 -226.1

1v 1.8052 0.8653 —43.1 1.7969 0.8735 —43.3
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Table 5. Theoretical data for para-substituted acetanilides

Conformation Conformation

analogous to 3 analogous to 4

p(C=0) AH; p(C=0) AH;

(kJ-mol™1) (kJ-mol™1)

2a 1.7623 —218.2 1.7715 —219.7
2b 1.7649 —-93.6 1.7752 -96.0
2¢c 1.7717. —248.7 1.7788 —252.6
2d 1.7733 —-90.3 1.7816 -94.4
2e 1.7767 6.2 1.7855 1.6
2f 1.7762 —41.0 1.7847 —45.5
2g 1.7861 —714.9 1.7927 —721.0
Zh 1.7830 70.6 1.7900 64.9
2i 1.7972 ~46.9 1.8016 ~54.7

interatomic distances between the hydrogen atom of the NH group and the oxygen
atom in the C=0 and N=O moieties of substituents X. The AM1 conformation
results are in a good correspondence with those obtained previously by molecular
mechanics [8].

The wave numbers of the C=0 and NH stretching vibrations measured for
series 1 and 2 correlate with theoretical values of corresponding bond orders (Table
6), whereby the statistically most significant results are obtained always with
conformation 4 or an analogous conformation in the case of para-substituted
acetanilides. Since the influence of intramolecular hydrogen bonding interactions is
considered in AM1 calculations, it was also possible to include all twenty-two
ortho-substituted acetanilides (1a—1v) into the v(C=0) vs. p(C=0) correlation (for
data in CHCl3) at a significance level of r = 0.926.

Table 6. Correlations of the wave numbers of the C=0 and NH stretching vibrations with C=0 and NH bond orders for
ortho- and para-substituted acetanilides y = ax + b

Series y Solvent x Conformation n r s r a b

1 v(C=0) CCl, p(C=0) 3 16> 0.881 3.2 49 557.34+79.8 720.2
1 wWC=0) CCl p(C=0) 4 16 0.937 24 102 810.3+80.4 267.4
1 wC=0) CHCl; p(C=0) 3 22 0.747 59 25 465.6:£92.6 862.9
1 wWC=0) CHCl; p(C=0) 4 22 0926 34 120 976.1+89.3 —45.3
2 wWC=0) CCl, p(C=0) ° 9 0.908 3.6 33 676.6+117.7 506.7
2 v(C=0) CCl p(C=0) °© 9 0924 33 41 801.3+125.0 278.8
1 v(C=0) CHCl; p(C=0) 3 64 0.867 6.5 12 665.6+190.9 499.6
1 wC=0) CHCL; p(C=0) 4 6 0972 3.1 69 1103.04+132.9 —272.2
1 v(N-H) CClL p(N-H) 3 17 0755 353 20 7848.6£1759.2 —3509.9
1 v(N-H)  CCl, p(N-H) 4 17° 0940 184 113 6392.6+601.7 2275.6

® For compounds la—1p; °

hydrogen bonding interactions (1g-1v); ¢ compounds 1a, 1h, 1q, Ir, and 1v omitted

conformation analogous to 3; ¢ conformation analogous to 4;  compounds with vicinal
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It can be finally concluded that the analysis of both the infrared spectroscopic
and theoretical data confirms that ortho-substituted acetanilides preferably exist in
a thermodynamic equilibrium of conformations 3 and 4. According to the results of
AM1 calculations, conformation 4 is probably more stable than conformation 3. In
the case of intramolecular hydrogen bonding between two molecules, however, the
equilibrium is shifted towards conformation 3. The participation of the NH group
of the acetylamino moiety in the intramolecular hydrogen bonds strongly supports
the preference of conformation 3. On the other hand, the absence of steric effects
on the C=0 group as well as the importance of the inductive mechanism in the
transmission of substituent effects denies the existence of structures 5 and 6.

Experimental

The preparation, purification, and some properties of compounds 1 have been described previously
[8, 15].

The infrared spectra were measured in the regions of 1730-1630 cm™! and 3470-3290 cm ! at
room temperature using a Zeiss Specord M 80 spectrometer. The measurements were carried out in
solutions in CHCl; and CCl, employing NaCl cells of 0.1 and 1.0 mm thickness. Both CCl, and
CHCI; were of spectral purity (Uvasol, Merck). The concentrations of the solutions were chosen to
reach a maximal absorption of 75-80%. For the investigation of intermolecular hydrogen bonding in
unsubstituted acetanilide (1k), diluted solutions of concentrations of 107>~10~° mol-dm™> in CCl,
and NaCl cells of 1, 2.5, 5, and 10 mm path length were used. The maxima of the absorption bands
were determined with an accuracy of 0.2 cm™! for C=0 stretching vibrations and 40.4 cm™! for
NH stretching vibrations.
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