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3-OXIDES 

I. A. Grigor'ev, G. I. Shchukin, V. V. Martin, 
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The chemical shift of the carbon atom of the nitrone group in the 13C 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 i, 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 [i], the introduction of the N-oxlde oxygen atom into azomethines leads 
to an upfield shift of the signal for the carbon atom of the O=N group by 30-33 ppm in the 
13C NMR spectra. This is due to the increase in the electron density 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 '3C NMR spectra of a 
series of 4-subStituted 3-imidazoline 3-oxides with the spectra of the corresponding 3-imida- 
zolines. In connection with the fact that the substituent at position I 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 *SC NMR spectra of 
1-substituted 3-imidazoline 3-oxides. 

In the spectra of the 4-substituted 3-imidazoline 3-oxldes (Table I) the signal of the 
C(~) atom is observed 26-33 ppm upfield from the C(4) signals in the spectra of the corre- 
sponding 3-imidazolines. The signals of the C(5) 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(2), i.e., 1-2 ppm for the l-hydroxy and 1-methyl derivatives, whereas the value 
for the l-nitroso derivatives varies from-0.5 to --1.8 ppm. 

The effect of the R I group on the *SC NMR spectra of 4-R1-l-R2-2,2,5,5-tetramethyl-3 - 
imidazoline 3-oxides (I--XXIV) was analyzed for compounds containing an identical substituent 
at position i (designated by the same letter). The R* and R 2 groups for the investigated 
compounds are given in Table 2. 

R 1 . ~ 0  

CH ;F'--'-$ CH 5 

CIlI~ ~2 Ili3 

ll-~ilV 

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 inketones [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 (Table 2). We note that an upfield shift of the ~ 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 s-carbon atom leads to a downfield shift: 
~(llla) -- ~(lla) = 5.4; ~(llle) -- ~(lle) = 3.9; ~(IVa) -- ~(llla) = 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 i see [i]. 
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TABLE 2. The 13C NMR Spectra of 4-RZ-I-R2-2,2,5,5 - 
Tetramethyl-3-imidazoline 3-0xides (I--XXIV) in Chloroform 

Coiilt-  
pound 

lb 
le 

If 
I,Ia 
l ib  
l id  
LI e 

llf 
IIg 

Ilia 
II.I e 

lVa 
Vo 

V,i a 
VI b 
VI c 
Vi e 

VIf 
Vtllb 
VHc 
Mile 

VII f 
VM, Ia 
V:LIIb 
VLIIc 
Vll~ld 
V~I,I,I e 

VII'If 
IXb 
IXe 

Xb 
Xe 

Xf 
.XIb 
XId 
XI.e 

~ l f  
Xll b 
~II �9 

XlI,f 

~ I l l a  

~IH.b 

XIHr 

Xl,lJe 

R' 

H 
H 

H 
CH3 
CHs 
CHs 
CH3 

CHs 
CHs 
C~I% 
C2H. 

bo -CsH7 
CH2Cl 
CHCI= 
CHCI~ 
CHCI~ 
CHCIr 

CHCI2 
CH2Br 
CH2Br 
CH2Br 

CH~Br 
CHBr~ 
CHBrz 
CHBr2 
CHBr2 
CHBr~ 

CHBr~ 
CH3CHCI 
CH3CHC! 

CHsCHBr 
CHsCHBr 

CHsCHBr 
(CHsO)~CH 
(CH30)2CH 
(CHaO)=CH 

(CH,O)~CH 
CHO 
CHO 

CHO 
tret-C~HgN=CH 

tret-GHgN=CH 

,t4.GHgN=CH 

Le~-C4HgN=CH 

I{ 2 

a 

C(4) C(2) C(5) 

4 5 6 

36,4 90,6 
32;,8 90,6 
31,8 91,5 
32,5 91,7 
43,6 89,9 
44,4 88,6 
43,9 90,7 
41,6 89,1 
40,7 90.0 
40,6 89.6 
44,6 89,1 
49,0 87,.2 
45,4 88,7 
44.7 89.7 
50,5 87,0 
40,8 89.7 
~41..7 88.6 
40.1 90.1 
4L7 92.0 
37,3 90,1 

91,0 
37,7 91,2 
40.6 89.4 
40,2 90,7 
39,3 89,9 
38,5 90,9 
38,4 90,7 
41,9 88,7 
40,0 89,9 
38,6 90.8 
39,9 91,9 
37,4 9Q,3 

91,2 
37,5 91,6 
44,1 i89,8 
40,0:89,4 

90,2 
43,5 89,4 
40.8 89,9 
40.5 90.7 
40,7 91,0 
43.2 89.7 
42.5 91,6 
40.8 89,7 

90.7 
40,5 90,5 
42,0 91,8 
38,9 91,7 

93,0 
39,4 92,6 
43,9 88,2 

43.5 89,8 

43,4 9!.3 67,0 

39,7 89,6 69,0 
90.7 67.,4 

C R, 

8,2 
8,4 
8,9 
7,8 
8,6 
8,4 
8,9 

17,4; 9,0 
17,9; 8,7 
17,0 

25,8; 17,0 
32,0 
61,1 
59,5 
59~9 
59,0 
59,4 
59,0 
17,9 
17,5 
16,0 
16,6 
16,7 
25,2 
2~,9 
23,2 
23,8 
91,1 
21,0 
47,7; 20,8 
46,4; 20.0 

36.4; 20A 
34,2; 20.7 
34.8; 20.9 
34.5; 20,6 
99,3; 56.1 
99,1; 56.2 
99,2; 56,8 
99,3; 56,8 
99,0; 56,9 

181,1 
180,9 

180,4 
145,2 (C=) 

I 58,9 1-~-1 
29,0 (3CHs) 

144,6 (CT) 
58,8 ( - i t - )  
28,9 (3CH3) 

144,1 (C=). 
I 58,7 ( - ~ - )  

28,6 (3CH3) 
143,7 (C=) 
143,5 (c~) 
59,3 ( - -~--)  

28.7 (3CHs) 

OR2 

8 

2,5-CHs 

9 

Refer- 
ence 

I0 

[13] 
[131 
[14] 
[13] 

[3~ 
[13] 
[13] 
[1:~] 

[2J 
[15] 

[2] 

[16] 
[17] 
[16] 

[13] 
[16] 
[17] 
il4] 
[13] 

m 

[13] 

[2] 

[2] 

lift 
[12] 

[13] 

[16] 

[17] 

[16] 
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TABLE 2 (continued) 

1 2 I 3 ] 4 

XI!Irlf zert--C4HgN =CH NO: 

XIVd CH=NOH OC] 
XVb C(CHs)=NOH CH: 

XVlb CH=NN(CHs)2 CH 
XVlIa COOH H 
XVIlb COOH CH: 
XVIIIc COOH OH 
XVIII* COOH NO 

XVilf COOH NO: 
XVJIH b CONH= CH,, 
XV, IIIe CONH2 NO 

X,IX b [CN CH: 
NO 

XIXr CN 
XIXf CN NO: 
XX a C6H5 H 

XX b C_~Hs CH~ 

XX d C~Hs OC] 

XXe C,~Hs NO 138,7 

XX~I cb p-CH3C~H4 OH 140,i 

XX)I!I c b p-CICsH4 OH 139,2 

XXIII c P-NO2CeH4 OH 141,1 

XXIVc o-NO2C6H4 OH 138,2 

69,0 

68,3 
64,9 
63,0 
61,9 
63,6 
67,4 
68,8 
67,6 
69,1 
63,6 
69,5 
68,1 
61,9 
66,3 
65,5 
66,2 
62,0 

64,2 

68,0 

89,3 68,7 
90,1 67,8 

90,1 66,7 

90,7 66,8 

91,,8 67,4 

90,5 67,2 

143,7 (C~) 

59,6 (--~--)  

28,8 (3CH3) 
138,5 
149,2; l 1,8 
I18,5; 41,8 
1,58,0 
158,0  
158,2  
156,4 
156,6 
156,3 
159,8 
158,4 

I10,6 
108,2 

lO8,5 
108,1 
127,5 (i) 
127,2 (o) 
127,9 (m) 
129,3 (n) 
128,0 (i) 
127,8 (o) 
128,0 (m) 
129,5 (n) 
127,4 (t) 
127,9 (o) 
128,1 (m) 
129,5 (n) 
126,0 (i) 
126,5 (i) 
128,1 (o) 
127,8 (o) 
128,4 (m) 
130,3 (n) 

124,8 (i) 
127,2 
129,0 }o~) 
138,9 (n) 
21,2 (CHa) 

127,3 (i) 
129,2 (o) 
127,8 (m) 
134,2 (n} 
133,5 (i) 
123,4 (o) 
128,7 (m) 
147.5 (nl 
122,0 (i) 
148,5 (o) 
129,7 (o') 
124,0 (m) 
132,3 (m') 
129,2 (n) 

8 9 

23,4; 22,9 

24,1; 24,1 
23,9; 23,71 
27,6; 27,11 
23,8; 23.31 
23,7; 23,71 
27,4; 22,3] 
27,5; 21,91 
23,5; 23,01 

26,2 24,1; 23,71 
- -  28,0; 22,4! 

23,8; 23,81 
27,7; 23,1 i 
28,0; 22,61 
23,5; 2a,51 
29,1; 27,21 

24,2; 23,,8] 

m , 

I 
I 

27,8; 23,01 
29,0; 22,4 1 

24,7; 23,9 

24,9; 23,9 

- -  24,6; 23,8 

24,3; 23,2 

10 

[14] 

I 

[2] 
I21 
[3] 
[2] 

[31 
[3] 
[3] 

[3] 
[3] 

[3] 
[13] 

[131 

[14] 

[131 

[101 

[1o1 

[181 

[18] 

Note. a) The signals of the gem-dimethyl groups are 
broadened at t > 0~ 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]. 

Increaw in the withdrawing character of the R I substituent with the substitution of 
the hydrogen atoms in the ~-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 OCH3 groups, which have weaker electron-withdrawing character (a-I 
effect), lead to a smaller effect: ~(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 CH3 in the transi- 
tion from (Ib) to (IIb) and from (If) to (IIf) leads to a decrease in the total and 
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TABLE 3. The Total (Qo+~'lO 3) and ~ Charges (Q~'I03) a 
Calculated by the CNDO/2 Method in Compounds (Ib, f, 
IIb, f, Vf) 

Ib H ICH3] -10  (-94) +200 (+837) [-468 (-815) 
I f l H  IN02 [ - 6 7  ( - - 1 6 0 ) 1 + 2 4 9  ( + 8 0 9 ) [ - 4 3 3  ( - 7 7 8 )  

IIb[CH3 |CH3[ +56 (-40)[+167 (+781)[-478 (-827) 
I,If CH3 |NO2[ +17 (--92)[+204 (+829) -447 (--796) 
Vf CH2CI[NO2 /+10 (-110)[+208 (+842) -441 (--787) 

+ 2 1 3  + 1621 - 1871 + 5 6 ~  
+208 + 901- 2051-34 + 8 ~  
+ 2 1 2  +1491- -188[ - -30  +5667  
+211 + 1621 -- 191[ +51e I + 569" 

Note. a) The ~ charges for the C, N, and O atoms of the 
nitrone group are given in parentheses, b) Qo+~'lO 3 at the 
carbon atom. c) The Qo+~-lO 3 values at the oxygen atoms 
are --362 and --366. d) The Qo+~'103 values at the oxygen 
atoms are -364 and --366. e) The Qo+~'103 value at the 
chlorine atom is --145. f) The Qo+~-lO 3 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 A6 = fAQ, where f = 220 ppm/e for Qo+~ and 160 ppm/e for Q~ 
(cf. [i]), leads to the following values: A~ = ~(IIb) -- ~(Ib) = 14 (for Qo+~) and 8.6 ppm 
(for Q~); AS = ~(IIf) -- ~(If) = 15 (for Qo+~) and ii ppm (for Q~). The experimental value 
amounts to 8-9 ppm. According to the calculation, the introduction of the C! atom into the 
~-methyl group should lead to upfield shift of the C(4) signal by 1.5 ppm, and this also agrees 
satisfactorily with the experimental data. 

Ph N~,O H ~ C I I  3 Ph~ __NAO 
C 1 1 3 ~  Cli 3 

CI[ S ~1~ ~ ~Cli 3 CH 3" "N" "CH 3 
I 

011 Oll 

~cc4 ~ (DMSO) 136.1 ppm Izg.a ppm 

Ph~ #0 H ~= Ph, 40 Ph~ . 0  

H j "~'N f ~H CII3"~" N " ~  H CH 3- "N" "It 
[ f I OH OH 011 

~c(4 ) (DMSO)izzAppm t37,4 ppm t4o,z ppm 

Substituents containing the ~ system of the C=O group (XII), the ~ group (XIII--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 
~-aryl nitrones (XX--XXIII) 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(4) signal by about 4 ppm. 

On the other hand, the strong n-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 2 at the nitrogen atom at position 1 of the heterocycie 
has a significant effect on the position of the C(~) signal. The N(1) nitrogen atom with the 
substituent added to it can be regarded as a substituent both at the C(2) atom and at the 
C(s) atom. As shown in [i], increase 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 thepresent 
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--NO2 derivatives leads in each group of compounds to an 
upfield shift of the C(4) signal by 3-~ ppm. These results are consistent with data from 
quantum-chemical analysis of the effect of substitution of the CH3 groups by the NO2 group at 
the N(~) nitrogen atom in compounds (I, II). In 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 CH3 groups, on the one 
hand, and the NO and NO2 groups, on the other. Thus, the obtained data make it possible to 
arrange the substituents R 2 in the following order according to the electron-withdrawing 
effect on the nitrone group in the composition of the heterocycle; NO2, NO>OH, OCHs>H, CH3 
This agrees with the data from [4]. A similar order in the effect of the R 2 group is ob- 
served for the signals of the carbon atoms adjacent to C(~), i.e., the R ~ and C(5) groups. 
In the first case an upfield shift of 2-4 ppm is observed with increase in the withdrawing 
character of the R 2 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(5) to change in the nature of 
the substituent R 2, 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 i ppm. 

EXPERIMENTAL 

The ISC NMR spectra were recorded on an HX-90 spectrometer at 22.63 MEz 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-D6 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 13C and ZH 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-CHs in the derivatives (Ib) and (lib) corresponded to the data from 
x-ray crystallographic analysis [6]. For the nltroamlnes (If, llf, Vf) the geometric param- 
eters of the N--N02 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-imldazolin-3-oxyl l- 
oxide [9], in which the N(1) nitrogen atom is in the same hybridization. 

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

1-Methyl-, l-Nitroso-, and l-Nitro-2,2,5,5-tetramethyl-3-imidazoline 3-Oxides (Ib, e, f). 
The compounds were obtained by the decarboxylatlon 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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