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The configurational assignment of 2 and E nitrogen derivatives (>C=N--Y) of 3,5,5-trimethyl-2- 
cyclohexen-1-one was made taking into consideration the through-space effects on oxime, 0-methyloxime, 
dimethylhydrazone, tert-butylimine, N,N,N-trimethylhydrazonium iodide and oxime hydrochloride deriva- 
tives. The relationship between the magnitude of the chemical shifts of the a-protons and the dihedral angle 
formed by the or-C-H bond and the C=N-OH plane was interpreted in terms of the geometrical 
dependence of the electric field effect. For the different Y substituents, the change in chemical shift between 
the Z and the E configuration of the proton near the functional group was mainly dependent on the electric 
field effect. 

The configurations of dienic nitriles have been previ- 
ously assigned from through-space effects affecting 
proton chemical shifts'. The application of cyclic com- 
pounds 1 and 2, obtained from isophorone ( 3 5 5 -  
trimethyl-2-cyclohexen-l-one), has been demon- 
strated for this approach. The effect of the electric 
field is the determining factor in assigning configura- 
tional isomers, in both dienic nitriles and ketones. ' ,2 

Our purpose is to extend this methodology to the 
evaluation of through-space effects on the two isomers 
of the nitrogen derivatives of ketones corresponding to 
the general formula ZC=N-Y. The Z and E dias- 
tereoisomers in the following series of six isophorone 
derivatives were therefore synthesized and separated: 
oxime, 0-methyloxime, dimethylhydrazone, tert- 
butylimine, N,N,N-trimethylhydrazonium iodide and 
oxime hydrochloride. 

1 2 

RESULTS AND DISCUSSION 

Configurational assignment 

The value of models 1 and 2 is due mainly to the 
simplicity of their 'H NMR spectra. The assignment of 
the H-2, H-3 and H-5 proton signals is straightfor- 
ward. Only H-4 exhibits a long-range coupling with 
the ethylenic proton, so that its signal is broader than 
that of H-6, as already demonstrated for dienic nitriles 
and ketones.' The NMR chemical shifts obtained for 
derivatives 1 and 2 are shown in Table 1. As observed 

* Author to whom correspondence should be addressed 
t For Part 11, see Ref. 2. 

Table 1. Proton chemical shifts @pm from TMS) 
Compound Solvent 2 3 4 5 6 

l a  CCI, 6.61 1.86 1.96 0.98 2.07 
CDCI, 6.63 1.85 1.98 0.97 2.09 

2a CCI, 5.90 1.82 1.92 0.99 2.34 
CDCI, 5.92 1.81 1.94 0.98 2.38 

l b  CCI, 6.44 1.82 1.92 0.97 2.00 
CDCI, 6.51 1.84 1.98 0.97 2.09 

2b CCI, 5.80 1.81 1.91 0.97 2.21 
CDCI, 5.89 1.82 1.94 0.97 2.31 

l c  CCI, 6.52 1.83 1.95 0.95 2.05 
CDCI, 6.53 1.85 1.97 0.95 2.12 

2c CCI, 5.88 1.81 1.94 0.98 2.29 
CDCI, 5.92 1.82 1.98 0.98 2.37 

1 d" CCI, 6.25 1.83 1.93 0.95 2.07 
CDCI, 6.29 1.84 1.95 0.95 2.13 

2d" CCI, 5.84 1.78 1.93 0.99 2.20 
CDCI, 5.89 1.78 1.95 0.99 2.27 

1 eb CDCI, 6.99 2.24 2.24 1.03 2.23 
2e CDCI, 5.93 1.93 2.15 1.18 2.88 
I fb CDCI, 6.73 2.09 2.27 1.08 2.72 
2fb CDCI, 6.83 2.02 2.19 1.08 2.63 

a Measured for the mixture ld+2d. 
Insoluble in CCI,. 

Y 

- 
- 
- 
- 
3.73 
3.85 
3.76 
3.86 
2.35 
2.46 
2.38 
2.46 
1.28 
1.33 
1.28 
1.33 
3.83 
3.85 
12.67 
12.46 

~~ 

for the dienic nitriles and ketones, the greatest devia- 
tions between isomers are observed for H-2 and H-6. 
The Z/Econfigurational assignment to 1 to 2, for differ- 
ent Y substituents, is deduced from comparison with 
compounds having only one configuration owing to 
steric requirements. For this purpose were prepared 
piperitone derivatives 3, for which the through-space 
effects of the Y group should be identical with those 
observed for 1, and allow comparison of the effects 
on the ethylenic proton for these two frameworks. We 
also synthesized the camphor derivatives 4, having an 
a-methylene syn to the Y group, as in products 2. 

The chemical shifts and A 6  increments, calculated 
relative to the parent ketone, are given in Table 2. 
The assignments of derivatives 1 (2 configuration) are 
supported by the very similar values of A 8  in this 
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Y ,y ?-II; 3 

4 

3 

series (from the 6 values of isophorone) and in series 3 
(from the S values of piperitone). For derivatives 2 ( E  
configuration), Asz values are not significant except in 
2f; this noticeable downfield shift for the a-proton on 
the opposite side to the OH group is in agreement 
with nitrogen as the site of oxime p r ~ t o n a t i o n . ~  For 
the hydrochloride If and 2f, obtained from oximes l a  
and 2a, respectively, the retention of configuration was 
obvious after subsequent regeneration of the oximes 
by treatment with base. 

on the dihedral angle, 8, between the C,-H and the 
C=N bonds. This dependence of the chemical shifts 
on geometry, and the general observations given 
above, induced us to connect the configurational 
effects with only the magnetic anisotropy and the 
electric field effect. To support this hypothesis we 
computed, as in previous work, the geometric parame- 
ters g and g' characteristic of anisotropic and field 
effects, respectively, for different 8 values.132 In this 
approach we considered the anisotropic magnetic 
effect as resulting from an axially symmetric group, 
and the direction of the electric dipole affecting the 
configuration as being the N-0 direction (or, more 
generally, the N-Y direction). The calculated values, 
g and g', and their differences between 2 and E 
isomers, Ag and Ag', are given in Table 3. If config- 
urational effects are considered as being essentially 

Table 2. Assignments of isomers 1 and 2 compared with the piperitone or camphor derivatives 

Frame- 
work 
Y 

a 

b 

C 

d 

e 
f 

Solvent 

CCI, 

CCI, 

CCI, 

CCI, 

CDCI, 

CDCI, 

CDCI, 

CDCI, 
CDCI, 
CDCI, 

3 3 1 

S, AS,= AS,' 

6.54 0.85 0.84 

6.46 0.69 0.67 

6.45 0.76 0.75 

6.16 0.47 0.48 

6.83 0.98 1.11 
6.62 0.77 0.85 

(6 PI 

2 

0.13 

0.03 

0.11 

0.07 

0.05 
0.95 

3m from TMS) 

4 4 4 4 1 2 

S, Ssn AS,' AS,,c ASeb A6eb 

2.49 2.04 0.27 0.27 -0.02 0.25 
2.54 2.09 0.22 0.22 -0.1 0.19 
2.37 1.9 0.15 0.13 -0.09 0.12 
2.42 1.98 0.10 0.11 -0.1 0.12 
2.41 1.93 0.19 0.16 -0.04 0.20 
2.47 1.97 0.15 0.10 -0.07 0.18 
2.36 1.92 0.14 0.15 -0.02 0.11 
2.42 1.97 0.10 0.10 -0.06 0.08 
3.17 2.87 0.85 1.00 0.04 0.69 
2.93 2.50 0.61 0.63 0.53 0.44 

a Chemical shift difference compared with piperitone, 6, = 5.69 (CCI,), 5.85 (CDCI,). 

2.19 (CDCI,). 

1.87 (CDCI,). 

Chemical shift difference compared with isophorone, 6, = 5.77 (CCI,), 5.88 (CDCI,); 6,= 2.09 (CCI,), 

Chemical shift difference compared with camphor, 6, = 2.22 (CCI,), 2.32 (CDCI,); 6," = 1.77 (CCI,), 

Moreover, the configurations of 1 and 2 were also 
confirmed by comparison of AS6 (Table 2) with AS,, 
and AS,,, the values related to the 3-methylene group 
in skeleton 4. The parallel changes in A6, and ha6 for 
framework 2 agrees with the E configuration. 

Through-space effects of oxitnes 

We have verified that, for each configuration, the most 
definitive effect on chemical shifts is related to the 
proximity of the studied nucleus to the Y group. 
Through-space effects are notable for H-2 for config- 
uration 1 ( Z ) ,  but only on H-6 for configuration 2 (E) .  
This differentiation between the two isomers is similar 
to the previous observations on dienic nitriles and 
ketones for an identical carbon frame. These chemical 
shift variations interpreted in terms of the magnetic 
anisotropic effect4 and electric field effect' of the Y 
group determining the configuration. 

Since through-space effects are appreciable only 
near the functional group, i.e. in an a-position to 
)C=N -Y, our quantitative approach was estab- 
lished from the experimental results of Durand et aL6 
These workers showed that, for protons bound to the 
a-carbon of the oxime group, the difference between 
the chemical shifts of the Z and E forms is dependent 

dependent on through-space effects, the relationship 
AS,,,=K Ag+K'Ag', where K and K' are the two 
characteristic constants of the Y group accountable for 
through-space effects (for further details see Ref. l), 
can be expected between the Z and E isomers. In 
Fig. 1, Ag and Ag' are plotted as a function of 8, and 
the curve of Durand et aL6 is also reproduced, which 
gives AS variations in terms of 8. 

While the Ag values alone could not describe the 
observed phenomenon, the Ag' variation with 8 fol- 
lows a trend similar to that obtained with the experi- 
mental A6 values. It is noticeable that only Ag' under- 
goes a sign inversion, for a 8 value of approximately 
65", which is also the case for the values observed by 
Durand et al. In the oximes the field effect therefore 
appears as the prevailing effect, the anisotropic mag- 
netic effect being hardly significant. As for the nitrile 
and ketone groups the electric field effect plays the 
leading role in through-space effects on  chemical 
shifts. In addition, the assignment given by Saika and 
Nukada' for the Z / E  isomers of isophorone oxime on 
the basis of only magnetic anisotropy was wrong. If 
only the electric field effect is considered, then 

A&,, -- K' Ag' 
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Table 3. Geometric terms of McConneU and Buckingham's equation for the proton ct to 
the not conjugated oxime group as a function of the angle 8 

W) R(& +#) +#) g x lo3 Ag X lo3 (A-3) g'x  lo3 Ag'x lo3  

96'51 137.44 21 13.38 .40 1 08.02 

85'35 125.44 8862 18.16 70.46 

34.61 67.01 100.92 20.61 

S" 2.00 106 94 156 
A" 3.60 10 67 58 -40.93 
S 2.15 103 92 149 

30 A 3.60 12 63 61 -40.09 
60 S 2.45 94 72 125 14 A 3.65 20 60 66 -33.91 
90 S 2.80 85 58 98 44.52 69.07 12.65 -10.66 

A 3.75 29 55 74 -24.55 23.31 

-11.45 S 3.15 77 38 81 27.14 44.89 12.01 
120 A 3.85 35 51 78 -17.75 23.46 

-1 1.23 12.51 206!3 35.24 23.74 S 3.30 73 20 68 
150 A 3.90 38 48 80 -14.55 

S 3.40 70 17 60 16.51 12.24 -12.77 
180 A 3.95 40 42 82 -12.34 28.85 25.01 

a S from H in syn position, A from H in anti position. 

where K' = 8.3 f 1.6 X cm3. A correlation does, 
in fact, exist, as expected from the similarity of 
Durand's experimental curve and the relationship of 
Ag' as a function of 8. This linear relationship is only 
of medium quality (r=0.976). This could result, in 
part, from the A g '  values obtained for the largest 8 
values, because for this calculation we used a molecu- 
lar geometry where the C-C-H angle is 109"28' 
while, in Durand et al.'s study, the strain in the bicyclic 
structures would give relatively different geometries. 
Moreover, the choice of the dipole centre on oxygen is 
arbitrary, and a small variation could induce a change 
in Ag'. Nevertheless, it can be concluded that through- 

10 

0 ' . . ' " ' " " " ' * ,  

8" 10 50 100 

space effects for oximes are essentially field effects, 
characterized by the constant K' given by 

K' = bp = 8.3 x lo-") cm3 

Generalization to analogues of oximes 

The marked effects connecting configuration and 
chemical shifts are also observed for analogues of 
oximes. In Fig. 2 the A&, values were plotted against 
Aa2 for the different Y substituents, and for the dienic 
nitriles and ketones. 

/ A,. ,  lo3 (A-3) 

I 

I 
H 

Figure 1. Differences between the chemical shifts of the a-protons, differences between the geometrical parameters of the 
anisotropic (Ag) and electric field (Ag') effects v. the dihedral angle, 8. 
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t s 6 E - s 6 z  

t / 

Figure 2. Relationship between the chemical shift of ethylenic 
and methylenic protons in a-position and the configuration. (g 
and h are the homologous dienic nitrile and ketone, respec- 
tively.) 

If hydrazonium salts e and, to a certain extent, 
hydrochlorides f ,  are not taken into account we obtain 
an excellent correlation with a slope of -2.33. This 
slope is equal to the AgLlAgk ratio, AgL and Agk being 
the geometric parameters of the field effect calculated 
for positions 2 and 6 in dienic nitriles.' This correla- 
tion agrees with the predominance of the field effect 
for the different Y substituents. The non-alignment of 
iodides e and hydrochlorides f results from the non- 
application of Buckingham's equation to an entirely 
ionic system. 

It is likely that the graph given by Durand et al. for 
oximes can be extended to any Y group by a relation- 
ship between the direction parallel to the A6 axis and 
of the K ratio, K being equal to AS2 for the consi- 
dered substituent Y versus AS2 for the oximes. 

This hypothesis has been verified by Durand' for Y 
groups other than those studied in this work. It seems 
that for all Y groups agreeing with correlation shown 
in Fig. 2 the most marked effect on chemical shift is 
caused by the electric field effect. 

EXPERIMENTAL 
~ 

The oximes l a ,  2a and 3a were prepared using hyd- 
roxylamine hydrochloride and hydrogen chloride 
under acidic conditions, while 4a was prepared with 
sodium hydrogen carbonate to neutralize the excess 
acid.' The oximes were purified or separated by re- 
crystallization from methanol-water (2a, 4a) or from 
hexane (la, 3a). The 0-methyloximes of type b were 
obtained using methoxylammonium chloride." The 
N,N-dimethylhydrazones of type c were prepared 
from the ketones and N,N-dimethylhydrazine using 
acetic acid as catalyst," while a mixture of isomers 
lc/2c ( E  enriched) was obtained from isophorone in 
basic medium.12 Quaternization of compounds c with 
methyl iodide in ethanol gives the N,N,N-trimethyl- 
hydrazonium iodides e. The Z and E isomers (le, 2e) 
were separated by recrystallization from ethanol. The 
ketimines d were obtained by the TiC1,-mediated con- 
densation of ketones and tert-b~ty1amine.I~ The oxime 
hydrochlorides f were prepared by adding a dry 
ethereal solution of HC1 to pure oxime a. The Z and 
E derivatives (1 and 2) from b and c were cleanly 
separated by GLC using a 2 m  column of Carbowax 
20M, 10% on 80-100 mesh Chromosorb P with 1% 
KOH. 

'H NMR spectra were recorded on a Varian A-60A 
(60 MHz) spectrometer in CC14 and CDC1, solutions, 
with internal TMS as a standard. Line positions are 
reported in ppm from the reference. The isophorone 
derivatives 1 and 2 were recorded separately, while 
most previous spectra were performed on the Z + E  
mixture. 

The geometrical parameters needed for the calcula- 
tion of field and anisotropic effects were obtained 
using Dreiding stereomodels. 
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