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13¢ NMR chemical shifts were measured for sixteen N,N-dimethyl-3-(5-substituted-2-furyl)-
acrylamides in CDClj; at 21°C; the barriers of rotation about the C—N bond AGC* were deter-
mined by using the 'H NMR coalescence method, and the positions of the IR bands of the
w(C==0) stretching vibrations were measured. The dual substituent parameters (DSP) analysis
of the 13C NMR chemical shifts for atoms of the vinylcarboxamide side chain —C(3)H=
=:C2)H—C(1)==0O(—N) gives evidence that the chemical shifts for the C-1 and C-3 atoms are
controtled primarily by polar effects (6(C-3) = —3+120; — 1'030g0; A = @;/eg = 3'0), which
exert a reverse substituent effect on these atoms. Similariy, the DSP analysis of the AGF and
W C-~0Q) data shows that the dominant factor of the total substituent effect is the polar effect
(4 = 1-95 and 1-70, respectively). A confrontation of the results of the DSP analysis with the
CNDOQ/2 calculated electron densities at the corresponding atoms demonstrates that the reactivity
of the entire vinylcarboxamide side chain can be well explained in terms of a combination of the
polar effect (m-electron polarization) with resonance effects.

Substituent effects on the reactivity of atoms of the side chains of vinylaromatic systems have
been studied extensively‘ _3; the most significant results have apparently been obtained by dual
substituent parameters (DSP) analysis4 of 13C NMR chemical shifts (CS) in terms of th: polar
(o) and resonance (ag) constants. That this approach is physically warranted has been proved
by factor analysis® ~7 of an ample collection of 13C CS data.

Recent results of DSP analysis of 13C CS of B-substituted 4-X-styrenes® "1 (Structure A)
led to the formulation of the n-polarization mechanism of polar effect transfer>. Experimental
study of the n-polarization has been combined with theoretical calculations for isolated molecules
(Structure B) at the ab initio STO-3G level'2+13_ Since resonance effects are ruled out in the
isolated molecules, the identical changes in the zn-clectron distribution in Structures 4 and B
can only be explained in terms of polar effects.

8 —

* This paper should be considered as Part CCXII in the series Furan Derivatives.
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By introducing the N,N-dimethylcarboxamide group in the side chains of vinylaromatic
systems, additional sensitive reaction centres are obtained, viz. the rotational barriers about the
C-—N bond and carbonyl stretching vibrations. The reactivity of the entire vinylcarboxamide
chain has not been so far examined in total, attention having only been paid to the rotational
barriers AGT and IR bands of the w(C=0) vibrations in N,N-dimethyl-3-(4-substituted-1-
-phenyl)acrylamides”_‘6. Of heterocyclic amides, only derivatives with an N,N-dimethyl-
carboxamide group bonded directly to the ring system have bgen examined (N,N-dimethyl-2-
-furamide'” =29 and N,N-dimethyl-}-furamidel8_20).

In this paper, the results of DSP analysis of reactivity of the ——C(3)H=C(2)H—
—C(1)=O(—N) vinylcartoxamide side chain are presented for sixteen (E)-N,N-
-dimethyl-3-(5-X-2-furyl)acrylamides (I—XVI). The 'H and '*CCS, rotational
barriers AG and IR band positions of the v(C=O) stretching vibrations were
measured. For testing the kinetic data and comparing the reactivity of the furan
and benzene rings, (E)-N,N-dimethy]-3—(4-X-l—phenyl)acrylamides XVII—-XIX were
prepared; their kinetic data, as well as those of the remaining amides XX —~ XXV,
are available'*~1®. The results of the DSP analysis were confronted with the CNDO/2
calculated ¢, m and total electron densities at the corresponding atoms of the side
chain.

EXPERIMENTAL AND RESULTS

Substances. Amides I— VIII and X — XVIII were synthesized from the corresponding acids.
which were converted with thionyl chloride in benzene to the respective chlorides using dimethyl-
formamide as catalyst, and the chlorides were reacted with aqueous dimethylamide in tetra-
hydrofuran to obtain the N,N-dimethylamides. Amides IX and XIX were prepared from 8 mmol
of the corresponding methylat':s21 by aminolysis with 40 ml of 50 wt %} dim<thylamine in ethanol
in the presence of 6:5 ml of 0-1 mol 171 sodium ethanolate in ethanoi?2.

An overview of the physical and analytical properties of amides I— X VI and XIX is given in
Table 1. The melting temperatures, measured with a Kofler stage, are uncorrected. The samples
were dried over P,O5 at 25°C/10 Pa. Their identity was checked by melting temperature measure-
ments, thin layer chromatography, elemental analysis and IR and 'H NMR spectroscopy.

Physical measurements. "H NMR spectra of the substances in CDClj; solutions (¢ = 0-25 mol ,
171, amide VII: 0-16 mol 1™ ') were run on a Tesla BS 467 spectrometer at 25°C using tetra-
methylsilane as the internal standard. The concentration dependence of the CS was examined
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for amide I over the region of 0:05—0-5 moll~!; only the methyl signals of the amide group
were observed to be concentration dependent. The 'H CS of amides I— X VI are given in Table II.

13¢ NMR spectra of the amides in CDCIl; solutions (c = 0-1 mol 1_1) were scanned at
15-04 MHz on a Jeol FX 60 spectrometer at 21°C using tetramethylsilane as the internal standard.
FT conditions: spectrum width 4 kHz, FID data accumulation 8 K, *3C{'H} broadband de-
coupling 1 kHz, effective computer resolution 0-06 ppm. The signal assignment was performed
by means of the selective ]3C{1H} decoupling, spectra of the heteronuclear NOE effect and
spectra with all TH-13C jnteractions preserved, and confronted with the empirical relations for
the calculation of the 13C CS (ref.2%) where the increments were obtained from the experimental
data of 2-substituted furans2®, and the '3C CS of the unsubstituted amide I served as the starting
values. The concentration dependence of the 3¢ CS was examined for amide I over the region
of 0:05—0-5 mol 1!, and changes were only observed for the CS of the methyl carbon atoms
of the amide group. The '3C CS data for amides I— XIX are given in Table L

The dipole moments were measured for amides I and XVII in benzene solutions at 25°C by
the procedure described previously”; the values are given in Table IV.

TaBLe I
Physical and analytical data of compounds 7— X VI and XIX

Compound? Calculated/found

. e Mol wi, M.p. Yield - -
No formula °c 7 o C o/ H o N

I CoH, NO, 16519  70—71 77 6543/6560 670/6:61  848/8-40
I ClgH3NO, 17921 60— 6l 65 67°02/6731 7-31/736  7-82/7-59
HI  C,sH,sNO, 24128 108 - 109 75 74:66/7490 627/6-48  581/6-05
I CoH oNCIO,  199-64 126127 66 5414/5403 505/515  7-02/7-30
© C4H,oNBrO, 24409 119120 66  44-28/43-84 413/408  574/5-55
VI CoH,oNIO, 29109 127 72 3713/36:86 3-46/339  481/4-64
VI CoHoN,O, 210-19 195--196° 70  51-42/51-53 4-80/4-82  13-33/13-18
VHI  CoH,oN,O, 19020 154155 57 63-14/63-56 530/538  14-73/14:97
IX  C, HN,0, 20825 8788 66 6343/6360 T74/7:60  13-45/13-10
X CoHsNO,S 24328 133-134 24 49-37/49-66 538/545  576/597
XI  C,H,sNO,S 30534 143- 144 59 59:00/59-38 4:95/498  4-59/4-78
XII  C,{H;sNO, 20722 136 23 63-75/64:07 632/6:57  676/T-19
XIHI  C, H,NO, 22322 1221225 30  5918/5933 587/621  627/6:68
XIV  C,oH3sNO,S 21128 57575 70 56:84/5726 620/590  6:63/6:96
XV C gH,sNO,S 27334 69-5-70 81  6591/6620 553/547  512/506
XVI  C,qH,{NO, 25728 64— 65 S6 70:02/70:31  5-88/5-83  5-44/5-48
XIX  C, H;gN,O 21829 132133 76 71-52/7162 831/848  12:84/13-03

% Compounds I, II, VII, and XV crystallized from ethyl ether-hexane mixture, compounds
HI— VI, VHI— XII, and X VT from ethyl acetate, compound XIX from ethanol; ? ref.23: 120°C
(water); € ref.?*: 194— 195°C (aqueous ethanol).
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'H DNMR spectra were recorded at 60 MHz on a Tesla BS 467 spectrometer. The tempera-
ture measurements were performed using a Tesla BP 4675 temperature probe. The precise
temperature was measured before and after each experiment by means of standard Tesla tubes
with ethylene glycol and/or methyl alcohol using Van Geet’s relationszs; the accuracy was
better than = 1°C. The kinetic measurements were made with solutions in CDCl5 at ¢ = 0-25 mol .
171 (016 mol 17! for amide VII)in the presence of 0-1 vol. 5 pyridine-ds for removing trace
quantities of hydrogen chloride!*. Hexamethyldisiloxane served as the internal standard. Prior
to measurement the solutions were degassed by repeated freezing in a vacuum. The kinetically
unaffected chemical shift differences Av_ at the temperature of coalescence . were determined?®
by extrapolation of the linear dependence of Av on the reciprocal absolute temperature. It was
found that at temperatures ¢, — 30°C and lower, Av is temperature independent, and so the
temperature /. — 40°C was used as the stadard temperature for determining Av, and the kinetical-
ly unaffected signal widths hg. The values are given in Table V.

A

N—CH,
/
H,C
/,X=H X X = N(CH,),
I, X = CH, X, X =50,CH,
i, X = CH, Xi, X =50,C.H,
v, X=Cl Xll, X = COCH,
vV, X=8Br XM, X = COOCH,
Vi X=1 X/V,)(=SCH3
vil, X = NO, XV, X = SCH,
vill, X = CN XVi, X =0C¢H;

Xvil, X=H Xxl, X = Br
Xvill, X = NO, XX, X = CN
Xix, X = N(CH,), XXV, X =CH,
XX X=F )()(V,)(:OCH3
XXl X =Cl

Infrared absorption spectra of amides I—XIX in CHCIl; solutions containing 01 vol. %
pyridine were measured over the region of 1 500—1 700 cm™! on a Unicam SP 100 instrument;
concentration 0-05 mol 171, optical path length 0-1 mm. The wavenumber scale was calibrated
with a polystyrene foil and the reading accuracy was +0-5 em™ L. The W C==0) wavenumbers
are given in Table V.
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Kinetic calculations. The Gibbs energies of the rotational barrier at the temperature of coales-
cence, AGC*. were calculated by the modified Eyring equation

AGF = 8314T,[23-760 -+ In T, /k_] . )

wher: T is the absolute temperature of coalescence and A is the rate constant at this temperature,
calculated3® by using the equation

ke = (n2) (Av, — bp) + b, %)

where Ay, is the difference of the kinetically unaffected chemical shifts and bg is the kinetically
unaffected bandwidth. The error AAGF was calculated according to the equation

AAGY == 16°628 4+ 2 AGF |T, + 4-708T,jk,, , 3

where the errors AT, = -£2 K, AAy_ = £0-2 Hz and Abg = £:0-1 Hz are included. The AG:
values along with the associated error AAGC* are given in Table V.

The kinetically broadened signals of amides I, VII, and I1X were simulated on an M 4030-1
computer using the modified° program of Neuman and Jonas®!'. The signal intensities in the
experimental spectra at 25°C were recorded as a function of frequency and, by using the least
squares method, compared with the normalized intensities calculated by variation of the set

TaBLE 11
'H NMR chemical shifts (6 scale, =001 ppm) of compounds I-— X VI in deuteriochloroform
at 25°C

Compound H-2° H-3° H-3* H-4®*  CON(CH,),
I 6-80 7-45 653 644 305 313
I 670 7-37 6:42 603 3:05 3-12
I 686 7-46 670 6+61 306 316
v 677 732 653 627 304 3-13
v 678 7-32 646 636 3-04 313
Vi 678 7-34 659 642 3-04 3-14
vil 7-15 7-43 7-34 6-69 307 3-19
v 7-01 7-40 7-11 659 306 3-17
IX 634 7-29 649 5-06 3-06 3-06
X 702 7-44 7-18 663 305 3-17
XI 691 7-35 719 657 302 3-13
XiI 7-05 7-44 7-18 662 307 319
X1 7-04 7-43 7-16 659 305 3-17
Xy 677 7-35 6-49 638 3-07 3:15
xv 683 7-39 672 657 302 309
XVI 664 7-34 648 551 304 3-08

@ 3J(H-2, H-3) = 15-5 Hz; ? 3J(H-3’, H-4') = 3-5 Hz.
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of variables k. Av, and bg based on the Gutowsky-Holm equation®? for the total analysis of the
line shape. The mean AG34g values were calculated from the simulated AG* values, whose
standard deviation was lower than 3% of the maximum intensity. The data are given in Table VI.

Quantum chemical calculations. The total energies, dipole moments and electron densities of
amides I— V and VII— XIX were calculated by the semiempirical CNDO/2 method in the
standard parametrization33 and without geometry optimization; the CI, Br, and S atoms were
approximatcd in the sp orbital base. The use of the spd base led to nonreal results for all of the
amides treated; and since for the iodo derivative VI also the sp base appeared inadequate, this
compound was omitted from the treatment. The geometry of the coplanar 5-substituted furylacryl
skeleton was composed of the optimized ab initio STO-3G geometry of the furan ring3* and the
standard bond lengths and angles for the substituent and the vinylcarboxamide group35'36. Thz
value of the interaction constant >J(H-2, H-3) — 15-5 Hz (Table II) indicates that all of the
amides I— XIX possess the E-configuration at the double bond of the side chain. The conforma-
icon at the (furan)—(C==C) bond inferred from the 'H NMR spectra and dipole momznts
Sfamides I and X VII (Table 1V)is (E)-sp,sp. The absence of the stereospecific interaction constant
0J(H-3,H-4") and the positive homonuclear NOE of the (H-3,H-3") protons rule out the (E)-ap,sp
tonformation, which agrees with the results obtained for most of E-furylethylenss studied37 ~ 39,

TABLE 111

13C NMR chemical shifts (0 scale, -=0-06 ppm) of compounds I— XIX in deuteriochloroform
at 21°C

Compound  C-I Cc-2 C-3 c2  C3¥y Cc4 C-5  CON(CHj),
I 166:86 11523  129-43  152:08 11393 112:37  144-07 3743 3607
I 167-25 11569 129-62 150-71 113-28 10885  154:75 37:43  36-07
il 166:66 116:23  129-10 15126 114-42 107-73 15529 37-49 35-99
v 16620 11559 12813 15139 11526 10896 13826 37-43 3599
v 166:54 115-69 12832 154-04 116:08 11425  124-48 3750 36:07
vi 166:54 11595 128-12  157-42 11628 123-10 9095 37-50 36-07
viI 16497 12169 127-02 15347 11494 113-31  151-94 37-55 3613
vHI 16529 12026 127-15 15568 11344 123-64  126:31 3606 3483
IX 167°63 107-14 12904 143:26 11929  84-86  161-20 3590 3590
X 16569 12024 127-86 156-12  119-40 11386  149-80 3763 3613
XI 16569 120-11 12786 15631 11940 11393  150-32 37-56 3607
X1 16602 119:66 12845 15514 11517 119-53  152:73 3756 3613
XIHI 16588  119-72 12819 15488 114-58 11901  144-72 37-37 3587
XIv 166:53  114-87 12858 15015 11500 11552  153-53 37-43 3599
Xv 166-16 11525 128-43 14506 121-16 11649 15499 37:33 36:04
Xvi 16699 113-21  129-17 14459 11621  90-75 15859 3743  36-00
XvII 166-48 117-33  142:02  127-57 12862 12932 135-18% 37-18 3578
XVII 16566 121-84 139-50 128-33 124-12 14805  141-67% 37-47 3601
XIX 167-44  112:04 14275 12924 111-86 151-29  123-27° 3733 3592

4 Corresponds to C-1” atom.
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The (E)-sp.sp conformation also emerges as the most stable from CNDO/2 calculations
{Table 1V), although the difference in the total nonoptimized energies is insignificant. The sp
conformation at the (C:=C)—(C:==0) bond of the vinylcarboxamide group has been established
recently for amide XVII by X-ray diffraction amalysis40 (z - 04 15°) and by IR and 'H NMR
spectroscopic study*! and is in agreement with the CNDO/2 calculations for amide I, the two ap
conformers being about 1 000 kJ mol ~! less stable (Table 1V). Based on these results, a planar
structure with the (E)-sp,sp conformation as shown above was assigned to amides /— X VI and
the (E£)-sp conformation, to amides XVII--- XIX. The CNDO/2-calculated relative o, = and total
electron densities 40 at the2 atoms of the vinylcarboxamide side chain are given in Table VII.

DISCUSSION

Although this study is concerned with the DSP analysis of '*C CS, let us examine
first the "H CS given in Table II. It has been shown? that 'H CS of H-o and H-B
protons in B-substituted 4-X-styrenes (Structure 4) generally do not suit well to the
study of the substituent effect because of the too complex mechanism of shielding,
which is affected by the anisotropy of the adjacent aromatic ring, particularly for
the a-position. The correlation of the 8(H-2) and §(H-3) data with the CNDO/2
total charges at the H-2 and H-3 atoms is poor (r = 0-741 and 0-418, respectively;
n = 15) and no conclusions can be drawn from it. The DSP analysis* of the §(H-2)
and §(H-3) data was performed in terms of the twc-parameter equation

5()’) = 00, + 0rog + b (4)

using the standard*? polar ¢, and resonance oy, constants; its results are given in

TABLE IV
Relative total CNDQ/2 energies and dipole moments of I and XVII conformers

Dipole moment, 1073% Cm

. .
Conformer AE“"_ | calculated observed”
kJ mol o o
5% 15%
I(E)-sp, sp 0 10-06 (12:16)¢ 11-44 11-31
(E)-sp. ap 10887 10-08 -
(Ey-ap, sp 1-0 14-07
(E)-ap, ap 10885 8:38 - —
XVI (E)-sp — 11-08 (12:63)¢ 12-28 12-17

4 Relative to the most stable conformer; b benzene solution, 25°C; correction for atomic polariza-
tion 5% or 15% of Rp value; © CNDO/S calculation.
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Table VIIL. The quality of the 8(H-3) data correlation, similarly as in the case of the
total CNDO/2 charges, is unsatisfactory. Thus only the 6(H-2) data have an explana-
tory power: the polar-to-resonance effect ratio A = Q[/QR = 0-48 indicates an en-
hanced resonance interaction in position 2 of the side chain. Since the 'H CS reflect
directly the electron situation at the carbon atoms to which the respective hydrogen
atoms are bonded, we will return to the §(H-2) data during the discussion of the
13C CS of the C-2 atom.

The results of the DSP analysis of '*C CS of amides I — X VI are given in Table VIII.
The iodo derivative VI was omitted from the treatment since there are two other halo
derivatives included in the reaction series (Cl and Br), which is not recommended for
DSP analysis®***. The DSP analysis was performed in terms of the two-parameter

TABLE V
TH NMR coalescence data at 60 MHz for compounds I— XIX in deuteriochloroform solutions
(¢ - 025 moll™ ') and wavenumbers of their v(C=0) infrared bands
Compound le Av” bEb lfcl AG:C_ 1 V(Cf({))
°C Hz Hz s kJ mol cm
1 34 6-1 0-7 12:7 68-7 16525
11 31 66 09 13:6 68-0 1652
HI 34 75 1-0 154 681 1 652
IV 43 6-4 0-8 13:2 70-7 1 654-5
V 42 66 0-8 13-7 70-5 1654
Vi 42 68 08 14-1 70-4 1653
VII 56 7-8 06 16:6 73-1 1657
VHI 52 7-4 0-8 15-5 72-3 1 657-5
IX 9 55 1-1 10-9 633 1 642
X 51 72 1-1 14:-6 72-4 1 657-5
X1 47 7-0 0-8 14-6 71-3 1658
X1 47 75 08 157 71-3 1 656
XHI 50 76 0-8 159 71-9 1657
XIV 34 6-8 0-9 14-0 684 1653
XV 35 4-8 1-1 9-3 69-7 1 654
XVI 27 4-4 1-0 86 682 16535
xvi 33 6-4 06 13:5 68-44 1655
XV 49 7-6 06 16:2 71-6° 1659
XIX 19 62 1-4 12:1 654 1 643

¢ Kinetically unaffected chemical shift difference at 7_; b kinetically unaffected signal width.
¢ error AAGF = 0-6 k) mol ™ 1; 4 ref.14: 684 kJ mol ™!, ref.1%: 67-8 kI mol ™ !; € ref.1%: 70-5kJ ;
~mol Y, ref.1®: 702 kI mol ™.
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equation (4) using the resonance constants ogo as well as 0. which reflect better
the resonance interaction with electron donor substituents. Since the N,N-dimethyl-
carboxamide group itself has an electron acceptor nature (for CONH,, o, = 0-28,
og- = 0-27, ref.*?), it was the set of o', and o . constants that gave the best correlation
both for '*C CS and v(C=0) wavenumbers.

A conspicuous feature of the correlation parameters in Table VIII is the negative
sign of the ¢, and gg slopes for the C-1 and C-3 atoms and the magnitude of the
/. = ¢og ratio which is 1-2—-3-4 for C-1 and 3-0—11-3 for C-3 according to the kind
of the oy constants used. The dominance of the polar effect on the **C CS of atoms
C-1 and C-3, which follows from these facts, is consistent with the results of DSP
analysis of the rotational barriers AGS and IR wavenumbers of the y(C=O0) vibra-
tion (A = 1-95 and 1-52, respectively). Comparing the absolute values |Q1| for the
C-2 and C-3 atoms over the whole series we obtain ¢(C-2)/¢,(C-3) & 2-3. All these
observation indicate the occurrence of a reverse substituent effect whose intensity
increases with increasing distance; they cannot be explained in terms of any of the
classical polar effect transfer mechanisms (o-inductive y, or electrostatic Fp), because
these involve a monotonic decrease in the effect intensity with increasing distance.
Analogy of our observations with some results obtained recently can be illustrated
on the DSP analysis of the '*C CS of 4-substituted styrenes*?, (E)-3-(4-X- 1-phenyl)-
acrylonitriles®, (E)-3-(4-X-1-phenyl)-2-cyanoacrylamides**, and (E)-3-(5-X-2-thienyl)-
-2-cyanoacrylamides**

DSP analysis of the '>C CS of the C-2 atom (Table V1II) leads to the conclusion
that in this position the substituent effect has the *“‘normal” direction (g,, ¢g > 0)
and an appreciable resonance interaction occurs (2 < 1). Also, a comparison of the
13C CS for the C-1 through C-3 carbon atoms in amides I, VII, and IX with those
in the structurally related amides X VII—XIX (Table 111) gives evidence of the same
substituent effect patterns at the side chain atoms of the two systems.

TABLE VI

Computer simulated data® of 60 MHz CON(CH,;), signals of compounds I, VI, and IX in deu-
teriochloroform solutions (¢ = 0-:25 mol 1™~ I) at 25°C

Av b k AGF g

Compound =y 8,
Hz Hz S kJ mol

1 5-8 0-6 54 689 + 0-1

v 7-5 06 1-0 73-2 4 04

X 5-4 0-9 59-0 629 4+ 0-2

4 Symbols used as in Table V.
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Before starting discussion of the kinetic data in Table V, their reliability, i.e., the
assumption of temperature and concentration independence of the Gibbs energies
of the rotational barriers at the temperature of coalescence AGY, must be tested.
The rotational barriers of amides I, VII, and IX were therefore measured at 25°C by
the TLS method; the Gibbs energies AGJ,, are given in Table VI. Comparing the
AG} and AGj,g values we find that the errors AAG™ in the rotational barriers
obtained by the two methods are at the same level, so that the generally adopted
assumption*> that for the degenerate rotation of symmetrically N,N-disubstituted
amides, AS* = 0, is also satisfied for amides I — X VI. The concentration dependence
of AG} was studied for amide I over the region of 0-1 —0-5mol I”! and was found
virtually constant within the error AAGS. This agrees with the rotational barriers
of N.N-dimethyl-4-X-tenzamides'* and amides XVII—XXV (refs'*'®), which
appearcd to be insensitive to concentration changes over the region of 0-25—1-0 mol .
As it seems, AGF in CDCI; solutions is most appreciably affected by traces of
hydrogen chloride'?, by the presence of which its magnitude is lowered. This effect
can be climinated by adding pyridine in trace amounts. It can be concluded that the
AGY data in Table V are mutually consistent and amenable to DSP analysis.

With regard to the close structural relation of amides I — X VI to the corresponding
(E)-3-(5-X-2-furyl)acrylic acids®', the substituent effects on the reactivity of the

TaBLE VIII

Correlation parameters in the equation d(y) = g0 + @rog + b for compounds I-xvr°

v og 2 QR b ” s A
TH-2 RO 0-38 - 0-10 0-80 + 0-10 684 4 004 0939 008 048
TH-3 R —005+ 0-04 0-23 + 0-04 744 -~ 002 0-848 003 022
3¢ R®  —2:464-030 —203+ 031 166:83 -+ 0-13 0956 023 121

Rt  —2254+ 039 —066+ 015 16680 £ 018 0924 030 3-41
3ca R 789 + 1-36 1482 + 143 11626 - 0-61 0964 1-07 0-53
RY 596 + 1-37 542 4 0-51 116:86 + 0-63 0965 1-05 1-10
13c3 R®  —312-+038 —103+040 12935+ 017 0934 030 303
RY  —306+ 044 —027+ 016 12937+ 020 0915 033 11-30
3¢y R® 639+ 296 16324 312 15192 4 1-33  0-864 233 0-39
R 4-03 4 2-57 6324 096  152:80 + 1-18 0905 196 0-64
AG*® RY 6-07 & 0-86 311 -+ 0-32 69:03 + 040 0967 066 195
AG*S R 3-43 4 0-59 2:02 4 023 6862 + 0:31 0979 041 170

wWC 0¥ R* 7-69 4- 2:10 5:06 + 0-79 165334 = 1-02  0-920 1-61 1-52

4 Jodo derivative VI not included, number of points n = 15; b multiple correlation coefficient;
¢ standard deviation; ¢ 1 = ei/eg; ¢ n=16; J compounds XVII— XXV, n=9.
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C—N bond (AG]) and of the O—H bond (ionization constants pK) can be expected
to be roughly the same. By correlating the rotational barriers AGF with the pK
values2! in 50% ethanol at 25°C, the relation

AGF = —54pK + 1000 (5)

(r = 0961, n = 10) was obtained; similarly, for AGF of amides XVII-XXV
(refs'*'%) and pK of (E)-3-(4-X-1-phenyl)acrylic acids*® (50% ethanol, 25°C),

AGF = —52pK + 992 (6)

(r = 0990, n = 6). In view of the fact that at 25°C, AG® = —5-7 pK (in kJ mol™ %),
Egs (5) and (6) indicate that the substituent effects on AGF and pK are approximately
the same in both series I—XVI and XVII—XXV. This implies that the substituent
effects in amides and in carboxylic acids are apparently of the same nature. The field
effect of the dipolar substituent, generally characterized as the polar effect!27, then
is the most appropriate explanation.

The other part of the amide group, the carbonyl group, was characterized by the
wavenumbers of the v(C=0) stretching vibration (Table V). The close correlation
of W(C=0) with AG},

W(C=0) = (149 + 0-14) AGF + (1 549-8 + 9-5) (7)

(r =0946, S =128, n = 16), is of fundamental importance for estimation of the
reactivity of the whole N,N-dimethylcarboxamide group. The fact that the slope
of the regression straight line is positive gives evidence that the substituent effects
on the C—N and C=O0 bonds are of the same sense, the bond orders being both
either increased or decreased. These effects cannot be explained in terms of the

+
generally adopted mesomeric structure “O—C=NR,, and so it is more appropriate,

when studying the substituent effects on theiamide group, to regard the group as
an n-z delocalized system.

The results of DSP analysis of the N,N-dimethylcarboxamide part of the side
chain in amides ] — X VI and XVII — XX Vare given in Table VIII. Let us first examine
the differences in the reactivity of the furylacrylic derivatives I—XVI and their
phenylacrylic analogues X VII— XXV. A higher effectiveness of the substituent effect
transfer by the furan ring as compared with the benzene ring has been observed
on the ionization equilibria of 5-X and 5-CH,X substituted 2-furoic acids*®; the
Ouran/Obenzene Fatio was 1.43 and 1:31, respectively. Correlation of the rotational
barriers in series I—XVI and XVII-XXV gives AG} (furyl)|/AGF (phenyl) = 1-60,
in a good agreement with the above relations. The slopes ¢, and g (Table VIII}
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show that the higher effectiveness of the substituent effect transfer by the furan ring
in comparison with the benzene ring is proportional both for polar (1-77) and
resonance (1-54) effects. It can be concluded that polar effects are the dominant
factor controlling the rotational barriers AG] (A = 1-95) as well as the wavenumbers
of the ¥(C=O) vibrations (1 = 1-70). The simultaneously acting resonance effects
attain approximately one-half intensity of the polar effects, and are more effective
in the case of the w(C=0) vibrational wavenumbers (gg(V(C=0))/0r(AG)) = 1-6).

That the phenomenon operating in amides I — XIX really is the polarization of the
n-electron system of the side chain is evidenced by the changes in the CNDO/2
electron densities (Table VII). In accordance with the results of DSP analysis, electron
acceptor substituents increase the m-electron density at the C-1 and C-3 atoms,
bringing about an upfield shift of the '3C signals; the reverse is true of electron
donor substituents. The total electron density Q,,, at an atom is the sum of the ¢
and n contributions, so that Q, and Q, are proportionally interdependent. Comparing
the 0Q,,, values with the corresponding 6Q, and 6Q, contributions (Table VII)
we observe that it is invariably 6Q, that has the dominant effect on Q,,,. This bears
out the above conclusions that the substituent effects in amides I — X VI (and similarly
in XVII—XIX) on the reactivity of the entire vinylcarboxamide chain are of =-
-electron nature.

Recently, Fliszdr and coworkers*® revised the general concept of dependence
of '3C CS on the n-electron density for all types of carbon atoms, and set up a new
scheme according to which for amides I — XIX the {3C CS of the C-2 and C-3 atoms
should be controlled by changes in Q, whereas (C-1) should be determined by
changes in Q,. It is, however, evident from a comparison of the §Q, and 6Q, values
in Table VII that it is the change in Q, that is dominant with respect to the !3C CS
of all of the atoms C-1 through C-3. The reverse substituent effect on the carbonyl
C-1 atom also disagrees with the scheme*® whereas it is consistent with the n-electron
polarization concept. A similar trend has been observed?® for a series of many phenyl-
carbonyl derivatives of the type X—CgHs—CO—Z, for which the DSP analysis
of the '*C CS gave a negative slope g, for the cartonyl carbon atoms.

In a similar fashion, the m-electron nature of the substituent effects on the C-2
carbon atom and the nitrogen and oxygen atoms of the carboxamide group is con-
firmed by the changes in the CNDO/2 n-electron densities Q, (Table VII): Q, (Q,,.)
at these atoms is lowered by electron acceptor substituents, this lowering at the C-2
atom being more pronounced than the associated increase in Q, (Q,,,) at the adjacent
C-3 atom. DSP analysis describes these electronic effects in terms of the QI(C-2)/
/0/(C-3) slope ratio which is greater than unity; for the resonance interaction,
0r(C-2)/er(C-3) &~ 3-3. The A value for the C-2 atom is 0-53, approaching that for
the H-2 hydrogen atom (4 = 0-48). The reverse proportionality of the polar and
resonance effects at the C-2 and C-3 atoms, and, at the same time, the higher intensity
of the resonance effect at the C-2 atom can be illustrated by the mesomeric structure C,
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reflecting the changes in the electron distribution of the furylethylene system induced
both by electron acceptor (X ™) and electron donor (X*) substituents.The preferential
localization of the positive (negative) charge at C-2 is responsible for the higher
sensitivity of this atom to resonance effects. The electron densities at the C-1 and C-3
atoms, on the other hand, are only partly affected by resonance interactions, the
dominant effect in these positions being the n-polarization.

In summary, the polar effect transfer in amides I—XVI by the n-polarization
mechanism in the side chain can be represented by structure D which reflects the

changes in the electron distribution arising from the effect of the dipole of the electron
acceptor substituent X.

The relative 7 and total electron densities 6Q, and 8Q,,, at the atoms of the vinyl-
carboxamide chain and the corresponding fractional charges in Structure D thus
form a theoretical basis for the results of DSP analysis of the furylacrylamides
studied.

Thanks are due to Dr V. Zvak, Department of Organic Chemistry, Slovak Institute of Technology,
for dipole moment measurements.
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