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The chemical shift of the carbon atom of the nitrone group in the '>C NMR spectra of
3-imidazoline 3-oxides lies in the region of 117-152 ppm and depends on the elec-
tronic effect of the substituents at positions 1, 4, and 5 of the heterocycle.
Increase in the electron-withdrawing character of the substituent at these positions
leads to an upfield shift of the signal for the nitrone carbon atom, and this
corresponds to the increase in electron density on it.

As shown earlier [1], the introduction of the N-oxide oxygen atom into azomethines leads
to an upfield shift of the signal for the carbon atom of the C=N group by 30-33 ppm in the
'®C NMR spectra. This is due to the increase in the electron demnsity at this atom. In order
to extend the discovered relationships and to establish more completely the range of chemical
shifts (CS) of the carbon atoms of the nitrone group we compared the *>C NMR spectra of a
series of 4-substituted 3-imidazoline 3-oxides with the spectra of the corresponding 3~imida-
zolines. 1In connection with the fact that the substituent at position 1 of the heterocycle
has a significant effect on the reactivity of the group at position 4 of the imidazoline
ring [2-4] we studied the manifestation of the effect of this group in the '°C NMR spectra of
l-substituted 3-imidazoline 3-oxides.

In the spectra of the 4-~substituted 3-imidazoline 3-oxides (Table 1) the signal of the
C(4) atom is observed 26-33 ppm upfield from the C(,) signals in the spectra of the corre-
sponding 3-imidazolines. The signals of the C(s) atoms are also shifted upfield by 2-10 ppm.
An effect smaller in magnitude and less well-defined in direction is observed for the
signals of C(z), i.e., 1-2 ppm for the l-hydroxy and l-methyl derivatives, whereas the value
for the l-nitroso derivatives varies from —0.5 to —1.8 ppm.

The effect of the R' group on the '°C NMR spectra of 4-R'-1-R*-2,2,5,5~tetramethyl-3-
imidazoline 3-oxides (I—XXIV) was analyzed for compounds containing an identical substituent
at position 1 (designated by the same letter). The R' and R® groups for the investigated
compounds are given in Table 2.
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Variation of the substituents at the carbon atom of the nitrone group leads to changes
in the chemical shifts of the nitrone carbon similar to the changes in the chemical shifts of
the carbon of the carbonyl group in ketones [5]. Thus, the signal of the aldehyde nitrone
carbon atom in the compounds is 8.0-8.7 ppm upfield compared with the chemical shift of the
ketonitrone group (Tablé 2). We note that an upfield shift of the G=0 signal by 5-10 ppm
is observed for the aldehydes compared with the ketones [5]. As in the ketones, substitution
of the hydrogen atoms by methyl groups at the o-carbon atom leads to a downfield shift:
8(I1Ia) — 6(Ila) = 5.4; 6(IIIe) — &(Ile) = 3.9; 8(IVa) — §(I1Ia) = 1.5 ppm. Successive substi-
tution of the hydrogen atoms by methyl groups at the C¢,) atom also has a similar effect.
In the compounds given below each methyl group leads to a similar effect: 3.7, 4.3, and 2.8 ppm,

*Communication 1 see [1].
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TABLE 2.

The '°C NMR Spectra of 4-R'-1-R*-2,2,5,5-

Tetramethyl-3-imidazoline 3-Oxides (I—XXIV) in Chloroform

ggu“;d R R | e e |Cs Cpi cpe | 25cy [Refer
1 2 3 4 5 6 7 8 9 10
Iv |H CHs | 1364 | 90,6 |61,0 - 26,6 | 23,8; 23,8
le |[H NO 1328 190,6 { 66,0 - — 127,5; 23,2
131,8 [ 91,5 | 65,1 28,2; 22,3
if (H NO, |132,5]91,7 | 659 —_ — 123,5; 23,1
[Ja [CH, H 1436 1 89,9 1 60,5 | 82 — 126,8; 26,61 [13]
11b |CHj CH, |1444 |886[630{ 84 26,3 23,2, 22,7( [13]
nnd |CHs OCH, | 1439 | 90,7 {67,2 | 89 . —A i14]
e |CH, NO |141,5(89,1|676]| 7.8 — lo7,0; 22,1 [13]
140,7 | 90,0 | 66,8 | 8,6 27,2; 21,6
1t |CHs NO, |140,6 | 896|676 84 224; 21,7| 13
Ilg {CHs NH, |144,6 (89,1649 ]| 89 22.6; 22,1} [13]
112 |CoHs H 149,0 | 872 | 61,6 | 17.4; 90 — {27,7; 27,2] N3]
1e |CsHs NO |1454 (887|679 17,9; 87 — |27,2; 22,11 113]
144,7 | 89,7 | 67,0 | 17,0 27,2; 21,8
Iva |iso-CsHy H 150,5 | 87,0 { 62,0 | 25,8; 17,0 — |281; 27,4} —
Vb [CH.CI CH; |140,8 1897 | 626 | 32,0 26,3 |23,5; 235 —
via |CHClp H 141,7 { 88,6 | 62,3 | 61,1 — 1294; 27,0f [2)
VIb |CHClp CH, |140,1190,1 | 639 ] 59,5 26,3 |24.6; 236| I[2
vie {CHCly OH |141,7 {920 |67,8 ]| 59,9 — 124,3; 23,51 [15)
vie |CHCl, NO 113731901 (69,01 59,0 — {27,5; 2311 (2]
91,0 | 67,7 | 59,4 29,0; 22,3
VIt |CHClL NO, [137,7191,2|689 | 59,0 — 123,5; 23| —
Vilb [CH.Br CH, | 1406|894 1624 ] 179 26,1 123,4; 23.2| [16
Vic |CHsBr OH |140,2 (90,7 | 656 ] 17,5 — 122,8; 22.8( [17
vile |CH:Br NO |139,3189,9 |67,5] 16,0 — |27.3; 22,6| 116
1385 [ 90,9 166,6 | 16,6 28,0; 22,2
VIIf |CH.Br NO, 1384|907 {676 ] 16,7 22,8; 22.8| —
Viil2 |CHBr: H 141,9 1887 | 62,6 | 25,2 — 129,1; 27,01 (13
Viilb |[CHBr CH, |140,0 89,9 [637 | 229 26,2 |23.8; 234/| (16
viilc |CHBr OH |13861{908|662] 23.2 — l22,5; 22,2] 17
VIlla |CHBr, OCH, | 139,9 [ 91,9 | 68,1 | 2338 650 | —* 14
Viile |CHBr, NO |137,4 (903 [685 | 21,1 — |27.5; 228 113]
91,2 | 67,7 287; 223
VIIIf |CHBr, NO, |[137,591,6 [68,0] 210 — |233; 233] —
IXb |CH,CHCI CHs |[144,1 | 89,8 | 63,8 | 47.7: 208 26,6 123,9; 234 —
IXe |CHsCHCI NO | 1400|894 {680 | 46:4; 20,0 27,2, 220 —
90,2 { 67,0 27,8; 22,0
Xb |CH;CHBr CH, |[1435|804 |63,3] 364; 204 |26323,5; 23,1| —
Xe |CH;CHBr NO |140,8 | 89,9 | 68,0 | 34.2; 20,7 — 127.6; 22,3| [13]
140,5 [ 90,7 | 67,1 | 34.8; 209 28,3; 22,2
Xf |CH,CHBr NO., {1407 {91,0 |68, | 34,5; 20,6 —123,3; 228| —
XIb | (CHs0),CH CH; {143,2189,7 (636 | 99.3; 56,1 26,6 |23.8; 23,8 [2]
XId |(CHs0),CH OCH; | 1425 1916 | 67,8 ] 99,1; 56,2 |64, -
Xle |(CH:0),CH NO | 1408 |89,7 | 69,3 99.2: 56,8 — 27,7, 22,50 2]
90,7 1 67,8 { 99.3; 56,8 287; 2167 —
X1f |(CHs0):CH NO, | 1405 | 90,5 | 69,0 | 99.0; 56,9 — |23,2; 23,2
XIib |CHO CH, 11420 91,8 | 62,0 [18L,1 26,4 124,3; 23,8 [16]
Xile [CHO NO 11389 | 91,7 gg,g 180,9 — [27.9; 22,8} [12]
93,0 { 66,
XI1f |[CHO NO, [139,4 (926|674 {1804 — |236; 228] —
XIlla [tret-C,HN=CH|H 1439 | 88,2 | 61,7 | 1452 (C=) | — [28,5; 27,4] [13]
|
589 (—C—)
29,0 (3CHj)
XII1b [tret-C{HN=CH|CH; | 143,5 | 89,8 | 63,3 |144,6 (c_l—_) 26,4 {23,8; 23,8] [16]
58,8 (—C—)
28.9 (3CHs)
Xilte |tert-C;HN=CH{OH | 143,4 {913 |67,0 |1441 (C=}- | — |23,8; 23,5| [17]
|
58,7 (——(l‘-—)
NO 69,0 iy (?:CHS)
XIle |tert-C{HoN=CH 139,7 | 89,6 | 69,0 1437 (C=) | — |27,7; 22,5{ [16]
M 907 | 67.4 {1435 (C=) 28,0 23 el

59,3 (——(IZ-)
28,7 (3CHa)




TABLE 2 (continued).

1 ‘ 2 3 4 |5 | 6 I 7 |s | 9 10
XImf | tert-C,HN==CH[NOz | 140,4 | 90,7 | 69,0 [143,7 (C=) | — |[234; 229]| —
59,6 (—IC-—)
28,8 (3CH3)
XIVd |CH=NOH OCHs | 143,0 | 92,5 | 68,3 [138,5 64,9 [14]
XVb [C(CHs)=NOH |CH: | 143,9 |90,5 | 64,9 {149,2; 11,8 26,9 [24,1; 24,1| —
XVIb |CH==NN(CHs;)2|CHs | 1436 | 87,9 | 63,0 |118,5; 41,8 26,3 |23,9; 23,7 —
XVIila [COOH H 1398 1 91,4 | 61,9 |158,0 — |27.6; 27,1| (2]
XViib |COOH CHs [139,7 | 92,3 | 63,6 |158,0 25,8 123,8; 23,3] [2]
XVille jCOOH OH 139,31 94,2 | 67,4 |158,2 — |23,7; 23,71 3]
Xvile [COOH NO 136,8 | 92,0 { 68,8 {156,4 — 1274; 22,37 (2]
136,2 | 93,3 | 67,6 1156,6 27,5; 21,9
Xvilf [COOH NO. |136,9 93,0169, [156,3 — 123,5; 23,01 (3]
XVIillb [CONH, CH; 11388 |925 |63,6 |159,8 26,2 |24,1; 23,71 (3]
XViile |CONH, NO 136,7 1 91,8 | 69,5 |158,4 — 128,0; 2241 (3]
136,1 { 93,0 | 68,1
XIXt [CN CH; |[119,8 93,2 61,9 {1106 26,8 123,8; 23.8] (3]
NO | 1183926 {66,3 {108,2 — 127,7; 23,11 {3]
XIXe {CN 117,5 1 93,8 1 65,5 [108,5 28,0; 22,6
XI1Xf |CN NO, |117,4193,7 | 66,2 |108,1 — 123,5; 23,51 (3]
XXa |CeHs H 1422 | 87,7 | 62,0 |127,5 (i) — 129,1; 27,2} [13]
1272 (o)
127,9 (m)
129,3 (n)
XXb |CeHs CH; 1432|894 1642 {128,0 (i) 26,5 |24,2; 23,8 [13]
127,8 (o)
128,0 (m)
129,5 (n)
XXd |CgHs OCHs; | 141,7 [ 90,9 1 68,0 {1274 ({) 64,7 —a [14]
1279 (o)
128,1 (m)
129,5 (n)
XXe |[Ce¢Hs NO 138,7 | 89,3 | 68,7 |126,0 () — 127,8; 23,0] [13]
90,1 | 67,8 |1255 (i) 29,0; 22,4
128,1 (o)
127.8 (o)
1284 (m)
1303 (n)
XXJcb p-CH;CsH,4 OH 140,1 | 90,1 | 66,7 {124,8 (i) — 124,7; 23,9} [10]
127,2 (0)
129.0 (m)
138,9 (n)
21,2 (CHg)
XXH P | pCICsH, OH |139,2 |90,7 668 |127.3 (i) 24,9, 239| [10]
129,2 (o)
127,8 (m)
134.2 (n)
XXIiTe |[p-NO,CeH, OH | 141,1 1918 | 67,4 |1335 (i) — 124,6; 23,8} [18]
123,4 (o)
1287 (m)
1475 (n)
XXIVe [0-NO:CeH,y OH ]138,2 1905 {67,2 {122,0 (i) — 124,3; 23,21 [18]
148,5 (o)
129,7 (0"
124,0 (m)
1323 (m’
1292 (n)

Note. a) The signals of the gem-dimethyl groups are
broadened at t > 0°C, and with decrease in temperature they
appear in the form of four different signals. b) In DMSO.

For the ketones the average value of the relative shift during substitution of a hydro-
gen atom by one methyl group amounts to 2.4 ppm [5].

Increase in the withdrawing character of the R' substituent with the substitution of
the hydrogen atoms in the a-methyl group (II) by C1 (V, VI) or Br (VII, VIII) leads to an
upfield shift of the C(,) signal by 2-5 ppm, and a larger number of halogen atoms leads to
a larger effect. The OCH; groups, which have weaker electron-withdrawing character (a —I
effect), lead to a smaller effect: 6(XI) — 6(II) ~ 1 ppm. From the data from CNDO/2 quantum-
chemical calculations (Table 3) it is seen that the substitutions of H by CH; in the transi-
tion from (Ib) to (IIb) and from (If) to (IIf) leads to a decrease in the total and 7
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TABLE 3. The Total (Qg+4+5°10°) and w Charges (Qp-10*)2
Calculated by the CNDG,/2 Method in Compounds (Ib, f,

IIb, f, Vf)

Com=

poundj R R Cy Nyz) o Ca |G | N | R R
Ib(H CH, | —10 (—94)|+200 (+837)}—468 (—815))-+210}-+ 109 —204 +80b
1f|H NO, {—67 (—160)|{+249 (+809)|—433 (—778)1+213|+162|—187 +567c
IIb|CH; |CHz | +56 (—40)|+167 (+781)|—478 (—827)|+208| +99|—205{—34 | +8 4
1If|CH; |NO; | +17 (—92) 4204 (+829)|—447 (—796){+212|+ 149] —18& —30 |+ 566,
VI |CHCI{NO,; |+10 {—110)|+208 (4842)|—441 (—787)|+211|+4162| —191]| +5le +569f

Note, a) The w charges for the C, N, and O atoms of the
nitrone group are given in parentheses. b) Qg4r-10° at the
carbon atom. c¢) The Qg4q-10® values at the oxygen atoms

are —362 and —366. d) The Qg+4r*10° values at the oxygen
atoms are —364 and —366. e) The Qo+n'103 value at the
chlorine atom is —145, £) The Q0+.,,'103 values at the oxygen
atoms are —356 and —361.

charges, which corresponds to a downfield shift. Estimation of the change in the chemical
shifts by means of the equation AS = fAQ, where f = 220 ppm/e for Qu+y and 160 ppm/e for Qg
(cf. [1]), leads to the following values: AS = §(ITb) — §(Ib) = 14 (for Quyy) and 8.6 ppm
(for Qp); A8 = S(ILIf) — 8§(If) = 15 (for Qg4x) and 11 ppm (for Qy). The experimental value
amounts to 8-9 ppm. According to the calculation, the introduction of the Cl atom into the
o-methyl group should lead to upfield shift of the C(.) signal by 1.5 ppm, and this also agrees
satisfactorily with the experimental data.
PhFN’O Ph. N‘o
iy cng::— cH
Iil/l/\ml_, (:H;s TJ< :

H
(%

& CH,
OH on
6Cyy (DMS0) 138.1 ppm 139,8 ppm
|2 0
h N~ Ph. N,O Ph N,o
H /I<" H_ )<u CH, )<H
N ~
K Xr’ H C":s)\ l? H CH, N 14
OH oH clm
sc,,, (DMSO)13s,ippm 137,4 ppm 140,2 ppm

Substituents containing the 7 system of the C=0 group (XII), the G=N group (XIIT-XVI),
or the aromatic ring (XX) and capable of conjugation with the nitrone group have little
effect on the position of the resonance signals for the nitrone carbon atom, leading to an
upfield shift by 1-3 ppm (Table 3). A somewhat larger upfield shift (4-5 ppm) of the C(.)
signal is observed for the 4-carboxy (XVII) and 4-carbamoyl (XVIII) derivatives. The nitrone
carbon atom in the 4-cyano derivatives (XIX) undergoes the largest upfield shift [by 20 ppm,
compared with (II)]. The chemical shift of the carbom atom of the nitrone group in the
a-aryl nitrones (XX—XXITII) changes little with the introduction of substituents at the para
position. The ortho-nitrophenyl group has a somewhat larger effect, leading to an upfield
shift of the C(,) signal by about 4 ppm.

On the other hand, the strong m—electron-donating effect of the nitrone group shows up
significantly in the position of the a-carbon atom of these groups, leading to their
screening. Thus, the signal of the azomethine carbon atom of the imine (XIII), oxime (XIV,
XV), and hydrazone (XVI) groups is 10-15 ppm upfield compared with the characteristic posi-
tions of these groups [5]. The carbon atoms of the carbonyl (XII) and carbozyl (XVII) groups
undergo similar screening (—15 to —20 ppm) by the nitrone group.

The nature of the substituent R® at the nitrogen atom at position 1 of the heterocycle
has a significant effect on the position of the C(.) signal. The N(,) nitrogen atom with the
substituent added to it can be regarded as a substituent both at the C(;) atom and at the
C(s) atom. As shown in [1l], incredse in the electron-withdrawing character of the substituent
at the C(2) atom leads to a downfield shift of the C(,) signal. On the other hand, an
electron-withdrawing substituent at the a-carbon atom (according to data from the -present
work) leads to the opposite effect, i.e., an upfield shift. The resultant effect coincides
with the latter, i.e., increase in the electron-withdrawing character of the substituent in
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the transition from the N—CHs to the N-—NO. derivatives leads in each group of compounds to an
upfield shift of the C(.) signal by 3-4 ppm. These results are consistent with data from
quantum-chemical analysis of the effect of substitution of the CHs groups by the NO; group at
the N(;) nitrogen atom in compounds (I, II). 1In both cases this substitution leads to an
increase in the electron density at the nitrone carbon atom.

In their effect on the position of the signal for the nitrone carbon atom the hydroxy
and methoxy groups occupy an intermediate position between the H and CHs groups, on the one
hand, and the NO and NO, groups, on the other. Thus, the obtained data make it possible to
arrange the substituents R® in the following order according to the electron-withdrawing
effect on the nitrone group in the composition of the heterocycle; NO;, NO>OH, OCH;>H, CH;
This agrees with the data from [4]. A similar order in the effect of the R® group is ob-
served for the signals of the carbon atoms adjacent to C(.), i.e., the R' and C(s) groups.
In the first case an upfield shift of 2-4 ppm is observed with increase in the withdrawing
character of the R® group, whereas the C(s) signal is shifted downfield by 4-6 ppm. The
position of the C(;) signal is less sensitive than that of C(s) to change in the nature of
the substituent R®, and this is reflected in the results from the quantum-chemical calcula-
tion (Table 3). In this case the maximum downfield shift is not greater than 3 ppm in (VI)
and (VII) and in most cases amounts to approximately 1 ppm.

EXPERIMENTAL

The *°C NMR spectra were recorded on an HX-90 spectrometer at 22.63 MHz by a pulsed
technique. For the measurements we used 10-15% solutions of the compounds in chloroform or
DMSO; to stabilize the resonance conditions at the deuterium nuclei we added ~10% of deutero-
chloroform and DMSO-De respectively. The chemical shifts were measured with reference to the
solvent signal (77.2 and 40.4 ppm from TMS). The accuracy of the measurements was +0.05 ppm.
The signals were assigned by comparison of the intensities in the spectra with full suppression
of spin—spin coupling between the '°C and H nuclei.

The quantum-chemical calculatinns were made by the CNDO/2 method by the set of VIKING
programs (at the NMR Laboratory, Moscow State University), realized on a BESM~6 computer.
The geometry of the N—CH; in the derivatives (Ib) and (IIb) corresponded to the data from
x-ray crystallographic analysis [6]. For the nitroamines (If, IIf, Vf) the geometric param-
eters of the N-NO, group agreed [7, 8], but the parameters of the heterocycle corresponded
to the geometry of the nitroxyl radical 4-phenyl-2,2,5,5-tetramethyl-3-imidazolin-3~oxyl 1-
oxide [9], in which the N(;) nitrogen atom is in the same hybridization.

~ References to the methods for the production of the described compounds are given in
Tables 1 and 2. The characteristics of the synthesized compounds and references to their
preparation methods are given in Table 4.

1-Methyl-, 1-Nitroso-, and 1-Nitro-2,2,5,5-tetramethyl-3-imidazoline 3-Oxides (Ib, e, f).
The compounds were obtalned by the decarboxylation of the corresponding 4-carboxy derivatives
(XVIIb, e, f). A 0.05-mole sample of the respective acid was boiled in 50 ml of heptane until
completely dissolved. The precipitate which separated on cooling was filtered off, washed
with heptane, and recrystallized from heptane.
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