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ABSTRACT 

The use of NMR in conformational analysis is reviewed 

in four parts with particular attention paid to the develop-

ments of shift reagents that have taken place since 1969. 

The first part contains a general introduction to 

the field. 	The second deals with Lanthanide Complexes and 

their properties. 

The mechanism of their (LSR) interaction with organic 

compounds and their major applications are the subject of the 

third section, which centres upon our interest in this field -

to determine conformations of flexible molecules in solutions. 

Finally a section is devoted to previous approaches to the 

determination of conformations of amides and alkylamides, which 

have been recorded in the literature. 

The work reported here falls into three related parts. 

The first section describes the approach which has 

been used to assign IH and 13C spectra by applying Eu(FOD)
3 

to simplify the 1H spectra, 1  H,1  H decoupling on the shifted 

spectrum and selective proton decoupling of the 13C spectra 

of various dialkyamides. 

The next section describes a quantitative study of the 

effect of the lanthanide sift reagents Eu(FOD)3  and 

Yb(FOD)3  on the proton and 13C NMR spectrum of a group of 

closely related dialkylamides. 



ii 

The proton and carbon chemical shift dependence upon 

the shift reagent concentration has been determined. 

The majority of the work described in the last section 

was directed towards the determination of the preferred 

conformations of the compounds. A modified computer program 

(METFIND) has been used to measure the correspondence between 

the theoretically calculated and observed values. 	These 

results have been interpreted qualitatively in terms of the 

conformations which these molecules may adopt in solution. 
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CONFORMATIONAL ANALYS IS 
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X-ray diffraction has been used to obtain direct 

structural analysis of molecules. 	Although this method is 

very useful in the solid state, for biochemical substrates 

strong solvent-solute interactions may be expected to produce 

large changes in conformation in solution, and this method 

is no longer helpful. 

Determination of molecular structure, conformational 

equilibria and conformational analysis in solution is one of 

the most important and exciting applications of "Nuclear 

Magnetic Resonance spectroscopy (NMR) (1) 

These have involved(A)the use of chemical shift 

differences between protons in the different environments
(2-5) 

associated with the possible conformers(B), and vicinal spin-

spin coupling (between various nuclei)(6)  , which has been 

shown to be a function of the dihedral angle, (1), which is 

the angle subtended by the two CH bonds when viewed in the 

Newman projection (Fig. (1), the inset diagram). 	Fig. (1) 

(Karplus curve ()) shows the relation between the dihedral 

angle (P in a HC-CH fragment and the vicinal proton-proton 

coupling constant. 

The curves are shown relating to differently substituted 

fragments. 

Karplus has shown an approximate relationship between 

the dihedral angle q6 and the vicinal coupling constant, on 

valence bond (VB) calculations(8'9), which is in good 
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agreement with the calculation based on a molecular orbital 

11) 
approach (MO) (10, 	. This relation can be expressed in 

the form, 

J = Jo  cos2 	C 	(Hz ) [0°000°  ] 	(1) 

= 0.180 cos
2  ' 9 	C 	[90° \ 	80(1 	(2) 

The Karplus equations. 

o 180 J , J 	and C are constants and dependent on the 

system. 	The values Jo = 8.5, J180 = 9.5 Hz and C = -0.28 Hz 

were found as the most appropriate for an "unperturbed" 

H-C-C-H fragment. These equations form the basis of a method 

of relating vicinal coupling constants to molecular structure, 

.which has been very extensively applied(12). 	The absolute 

magnitude of vicinal coupling constants in saturated systems 

varies from 0 Hz to 16 Hz (generally 5-8 Hz for averaged 

coupling constants in a freely rotating system). 	For those 

compounds which do have analysable spectra, the coupling 

constant may be easily interpreted in terms of structures and 

conformations which these molecules may adopt in solution  

In complex spectra in order to obtain exact coupling 

constants,simplification can be made by the elimination of 

long range or unwanted coupling. This can be done by the 

hetronuclear decoupling of partially deuteriated large 

molecules, use of deuterium substitution(17-19) or by the 

"double resonance" technique, which involves irradiation of 

the resonance causing unwanted coupling. 	Since this nucleus 
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undergoes rapid transitions between its ground and excited 

magnetic states, no splitting of the observed signal occurs. 

A number of nuclei may be decoupled simultaneously. 	The 

principal limitation of the method is that the chemical shift 

difference between observed and decoupled nuclei must be large 

enough to allow saturation of one and not the other. 

The NMR spectrum of a species which consists of a 

mixture of rapidly interconverting forms shows average values 

for chemical shifts and coupling constants. 	These values 

(J or S) can be used to obtain information about the proportion 

of different conformers present, if the parameters for each 

component are accurately known. Thus, the average vicinal 

coupling constant is an average of two (or more) vicinal 

coupling constants and not the coupling constant in a single 

intermediate conformation with an intermediate value of the 

dihedral angle. 

Many studies in this field have centred on the 

difficulties involved in distinguishing between a single 

conformer and a mixture of rapidly interconverting conformers (20-26) 

Information about each conformer and parameters of 

interest in the pure conformers can be achieved most satis-

factorily by observation of the "frozen out" spectra, which 

is really the separate spectra of individual components 

superimposed. 
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1.2 FROZEN OUT SPECTRUM 

Such a spectrum can be obtained by cooling the 

substance to be studied to a temperature at which inter-

conversion of the conformers becomes slow compared with the 

NMR time scale. The actual signals due to different con-

formers may be directly observed. The ratio of the peak areas 

gives the ratios of the amounts of the conformers present. 

From such spectra, 

'Say = n
a
S
a 
 + nbdb 
	

(3) 

Jav = naJa + nbJb 
	 (4) 

where day is the observed chemical shift at high temperature 

(averaged) and Sa, Sip  are those of the separate conformers 

a and b respectively. 

J 	Ja and Jb 
are the corresponding coupling 

constants. 

Temperature dependence of chemical shifts might 

lead to a difference between the observed and calculated 

chemical shifts. 	However, coupling constants do not vary 

sensibly with temperature. 	It is, in principle, possible 

to derive Ja and Jb 
from frozen out spectra and Jav from 

room temperature spectrum and then calculate na  and nb. 

Application of this method to the conformation of 

a number of polyhalosubstituted ethanes has been published(28). 
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Low temperature NMR is also a convenient tool for 

measuring the rate of conformational interconversion. 	If 

exchange is relatively fast, then an averaged signal is observed. 

If the rate is slow (at low temperature) separate spectra are 

observed. 	In the intermediate case where the rate of 

conversion (sec-1 approaches the separation of signal 

(Hzissec-1), the signals seen at low temperature will coalesce 

into one, and from the line shapes of the NMR signals in the 

vicinity of the coalescence point, i.e. at temperatures 

somewhat below and somewhat above the coalescence temperature, 

the activation parameters of the process can be obtained by 

use of computer calculation (28'29).  The coalescence tempera- 

ture is related to the rate constant for interconversion. 

This approach appears to be somewhat limited to apply to many 

problems of direct interest to organic chemists, since the 

magnitude of the barrier to conformational inversion or 

rotation is generally too small, and it is not always possible 

to observe frozen out spectra. 

Barfield and Gearhart(30) have calculated the 

angular dependence of 3J(HNCH)(3)  in peptides for both the 

Cis and the trans arrangements of the amide bond in 

Me 	C) 

N C 	 N 	 C 
 

	

/ \Me 	//// 

Me 	Me 	2 	
Me 

Cis 	 trans 
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They found agreement with a curve based upon experimental 

data. 

Feeney and Roberts(32,33) have also investigated 

the use of (C,H) couplings for conformational analysis in 

peptides and aminoacids. 	They suggested the (C,H) coupling 

constants are very useful tools in this field. 

Identical coupling mechanisms and remarkably good 

correlation between geometrically equivalent J(C,H) and 

J(H,H) over three, four and five bonds are the interesting 

result of a study by Marshall(34) 

Similar relationships between J(H,H) and J(C,H) 

and between J(C,H) and J(C,C) have also been noted by Solkan 

and Bystrov(35), who also found proportionality between 

3J(H,H) and 3J(N,H). 	They have investigated 3J(CNCH) and 
3J(CCNH) in peptide fragments (fig. 3) as a function of the 

dihedral angle 0) 

0=C 
H =0 

cp  

C N -C-C- 
U 	I 	n 
OH HO 

Fig. 3 

13
C FT spectra has been used to determine J(C,H) 

by Takeuchi (36-38) 
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Values of 3J(HCCH) have been reported for different 

systems  

Vorontsova and Bochkov have criticized the Karplus 

relationship between 3J(HCCH) and dihedral angle (I). 	They 

suggested that much improved results can be obtained from 

an alternative equation (5) 

3J(HCCH) = (4.37 + 4.39 Cos 1p + 3.32 Cos 4)(1.28 - 0.041S) 

(5) 

where S is the sum of the chemical shifts of the coupled 

protons in p.p.m.(6) and IP is the smaller angle between CH 

and the line ab drawn parallel to C'-H' (fig. 4)(45)  

A variety of semi-empirical methods have been used 

to investigate the effect of conformation upon 3J(HCCH) in 

a number of nucleosides(46)  and N-methylacetamide(47) 

The 13C-H direct coupling in allene has been used in con-

junction with the H-H coupling for a complete structural 

determination. 	A combination of H-H and H-X (other nuclei 

than proton) coupling has been used to calculate structural 

parameters for different compounds(48) 

Grinter has given a fully detailed review and 

discussion on recent spin-spin coupling investigations(49). 

One of the major limitations of the method, however, 

has been that most organic compounds show complicated proton 

NMR spectra, where chemical shift differences are often 
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small or signal overlapping makes it impossible to determine 

fine structure for multi-spin systems. 	In such a case, 

separation of the coincident peaks is of great utility in 

analysing spectra. 	Shifting signals by different extents 

and separating them is an interesting property of the shift 

reagents(50) 

The introduction of the use of shift inducing metal 

complexes in NMR by Hinckley has led to many new applications 

of NMR to structural and stereochemical studies
(51) Metal 

complexes used in this content have been called "Shift 

Reagents". 

Fig. 4 



NUCLEAR MAGNETIC RESONANCE SHIFT REAGENTS 
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2.1 SHIFT JEAGENT 

In general, any reagent which induces chemical-

shift changes in a dissolved substrate is a "shift reagent". 

This can include induced chemical-shift changes by aromatic 

solvent (ASIS) effects, hydrogen bonding, or other mechanisms. 

As the main area of interest in the field of shift 

reagents is concerned with the lanthanide chelates, the term 

"Shift Reagent" has become widely used as abbreviation for 

"Lanthanide Shift Reagent". 

The introduction and extensive use of paramagnetic 

shift reagents has been one of the most interesting develop- 

ments of NMR in the study of organic molecules. 	In 1969 

Hinckley reported that some bis pyridine tris (a-diketone) 

lanthanide(III) complexes induce large shifts in the proton 

NMR spectrum of cholestrol. He coined the term shift 

reagent. 

The magnitude of these shifts are generally differ-

ent for different sets of accidentally equivalent nuclei in 

the substrate, and they quite often effect spectral resolution 

enhancement. 

This is accomplished by a separation on the chemical 

shift scale of sets of nuclei originally quite close together 

without significantly changing nuclear spin-spin coupling 

effects. Shift reagents have been found to work on most 

organic molecules containing functional groups with lone 

pairs of electrons, and reduce second-order NMR spectra to 



first order without loss of resolution. 	Subsequent studies 

have shown that some of the tris (dipivaloylmethane) complexes, 

M(Dpm)3  and tris (1,1,1,2,2,3,3, heptafluoro-7,7-dimethyl- 

4,6-octanedionel complex M (POD) , are superior since they 
3 

produce larger shifts for protons up to 20 from the site of 

attachment of the organic substrate to the metal ion without 

substantial line broadening. 	Such studies have facilitated 

assignment of molecular configurations and analysis of epimer 

and Cis-trans isomer ratios(52-56)  , from the relative magni-

tude of the chemical shift variation. Many papers have 

appeared in the literature concerning the utility of these 

1H, 13
C,  14 	17 	31 (56-58) compounds on H, 	C, N I 	0, 	P 	NMR spectroscopy. 

The shift reagent is a means of submitting a sub-

strate to the influence of a strong local differential 

magnetic field. 	In order to make the best use of this 

approach and indicate the minimum requirements which must 

be met to obtain meaningful information about molecular 

conformation in solution , we need some knowledge about the 

complexes and nature of their effect on different substrates. 
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2.2• THE LANTHANIDES 

A brief mention of the chemical and physical 

properties of the lanthanide elements will be given before 

giving a detailed account of the various Lanthanide Shift 

Reagents (LSR). 

The lanthanides are fifteen elements including and 

following lanthanum in the periodic table. Their overall 

properties suggest that they are members of a sub-group 

within periodic Group III. 	In the elements in this part of 

periodic table spectroscopic studies show that as the charge 

on the nucleus increases,the balancing electrons fill in the 

inner incomplete 4f subshell. 

There is no regular increase in the occupation of 

the 4f orbitals. 	Two types of configuration are evident: 

4fn-1  5d' 6S2  

and 4fn  5d° 6S2 

Since the 4f electrons are well screened by the 

completed 5S, 5P subshell, they play almost no part in the 

bonding. 

Ln III, the most stable oxidation state, is formed 

by losing the 6S
2 

and generally a 4f electron, but sometimes 

the 5d' electron. 	Hence there is a regular increase in the 

number of 4f electrons in the configurations for Ln3+ ions. 

Since the outermost electrons of an atom are responsible 



GROUND-STATE ELECTRONIC CONFIGURATION AND IONIC RADII OF LANTHANIDE 

Element 

Atomic 
Number 
Z 

"Outermost" Electronic Configuration 

Crystal or ionic Radius, A Neutral Atoms 

Cations, Ln3+ Idealized Probable Ln3+ Ln4+ Ln2+ 

Sc 

Y 

La 

Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 

Ac 

21 

39 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

89 

3d14s2  

4d15s2  

5d16s
2  

4f15d16s2  

4f25d16s2 

4f35d16s2 

4f45d16s2 

4f55d16s2 

4f65d16s2 

4f75d16s2 

4f85d16s2 

4f95d16s2 

4f105d16s2  

4f115d16s2  

4f125d16s2  

13 	2 1 4f5d6s 

4f145d16s2 

6d17s2  

3d14s2  

1 4d5s2  

5d16s2  

4f2 	6s2 

4f3 	6s2 

4f4 	6s2 

4f5 	6s2 

4f6 	6s2 

4f7 	6s2 

4f75d16s2 

4f9 	6s2 

4f10 6s2 

4f11  6s2 

4f12  6s2 

4f13  6s2 

4f14  6s2 

4f145d16s2 

6d17s2  

3s23p6 

4s24p6 

5s25p6 

4f15s25p6 

4f25s25p6 

4f35s25p6 

4f45s25p6 

4f55s25p6 

4f65s25p6 

4f75s25p6 

4f85s25p6 

4f
95s25p6 

4f105s25p6  

4f115s25p6  

4f125s25p6 

4f135s25p6 

4f145s25p6 

6s26p6 

0.68 

0.88 

1.04 

1.02 

1.00 

0:99 

0.98 

0.97 

0.96 

0.94 

0.92 

0.91 

0.89 

0.87 

0.86 

0.85 

0.84 

1.11 

0.92 

0.90 

0.84 

1.11 

1.09 

0.93 

TABLE 1 	Electronic configurations of atoms and derived tripositive ions 



-14- 

for most physical and chemical properties, they closely 

resemble each other in solution. The three lanthanides 

La3+ Lu3+ and Yb
3+ are diamagnetic due to the closed shell 

configuration. All the other Ln
3+ ions have an unpaired 4f 

electron and are paramagnetic. 

Coordination numbers larger than 6 for Ln
3+ are 

possible. 	Table 2 shows atomic radii for coordination 

numbers of 6,8 and 12(60) 

Ionic Radii for Ln3+, Coord No. 6,8,12 

Coord No. C.N.6 R 8 12 

La 1.061 1.346 

Ce 1.034 

Pr 1.013 1.330 

Nd 0.995 1.18 1.320 

Pm 0.979 

Sm 0.964 1.14 1.310 

Eu 0.950 1.13 1.304 

Gd 0.930 1.11 1.299 

Td 0.923 

Dy 0.908 

Ho 0.894 

Er 0.881 

Tm 0.869 

Yb 0.858 

Lu 0.848 

TABLE 2 
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The successive reduction in ionic radius, from La 

to Lu known as the "Lanthanide Contraction", does not occur 

elsewhere in the periodic system, because at no other point 

are 14 electrons which play no part in chemical bonding 

successively added to f electronic shells. 

Owing to the shape of the orbitals, the shielding of 

these electrons from one another is imperfect and as a result 

the effective nuclear charge experienced by these electrons, 

increases, causing a reduction in the size of the 4f shell. 

This contraction does not affect the number of molecules 

coordinated, but the space available at the metal ion for 

coordination of anions is limited. As a result, the total 

coordination number of the metal ion decreases. 
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2.3.1 LANTHANIDE COMPLEXES AS NMR SHIFT REAGENTS 

It has been shown for the B'-diketonate complexes of 

transition metals, that the coordination number of the metal 

can exceed twice its ionic charge, and the neutral f3-diketonate 

chelates may therefore act as Lewis acids (61,62). 	The same 

behaviour is expected for lanthanide diketonate, since the 

usual ionic charge of the lanthanides is +3 and the usual 

coordination number is 8, (i.e. greater than six). 	Such 

compounds are coordinatively unsaturated and may accept Lewis 

bases as additional ligands to achieve higher coordination 

number. 	This acidity can cause self-association or adduct 

formation. 

2.3.2 	CENTRAL IONS AND LIGANDS 

Lanthanide shift reagents are normally of the form 

n/3 
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where Ln is a paramagnetic ion. Abbreviations for ligands 

occurring commonly in shift reagents are as follows: 

ligand R R' 

DPM t-But t-But 

FOD t-But C3F7 

FHD t-But C2F5 

PTA t-But CF3  

TFN C3F7 C3F7 

FHD thenoyl CF3 

HFA CF
3 

CF
3 

TFA Me CF
3 

TABLE 3 

Others are TFC = 3-(trifluoromethylhydroxymethyelen)-(+)- 

camphorato. 

HFC = 3 - (1,1,1,2,2,3,3 - heptafluoropropylhydroxymethylene) 

(+) - camphorato. 

FACAM = 3 - (trifluoro-acetyl-d-camphor) 
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The most commonly used shift reagents are the 

-diketone chelates of Europium (Euiii), praseodymium (Frill) 

and ytterbium (Ybiii). 	The three popular f3-diketone chelates 

are 1,1,1,2,2,3,3-heptafluoro-7,7 dimethy-4,6-octanedionate 

(POD) dipivalo methanate (DMM) and FACAM which is the anion of 

3-trifluoroacetyl-d-camphor. 	(There are three such bidenate 

ligands per lanthanide ion forming a six coordinate lanthanide 

complex, with the following structure: 

gm, 

    

    

 

CMe 
/ 3  

 

/
CMe 

o 	C 
 

/CH 
./ 

C3F7 

Ln Ln 

 

CMe3 

 

    

Ln (DPM) 3  Ln(F0D) 3 

Fig. 5 
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2.3.3 	COLOUR 

The colours of the crystalline salts of a number of the 

tripositive lanthanide ions,which persist in aqueous and 

non-aqueous solutions, are characteristic of the cations. 

They are unaffected by alteration of the present anion or 

addition of colourless complexing groups. 

It seems that a particular colour is related to a 

particular number of unpaired electrons (Table 4). 

Ion 
No. 

unpaired 
electrons 

Colour electron  

Unpaired Ion 

La3+ 

Ce3+ 

Pr3+ 

Nd3+ 

Pm3+ 

Sm3+ 

Eu3+ 

Gd3+ 

0 

1 

2 

3 

4 

5 

6 

7 

colourless 

colourless 

green 

reddish 

pink, yellow 

yellow 

pale pink 

colourless 

0 

1 

2 

3 

4 

5 

6 

7 

Lu3+ 

Yb
3+ 

Tm3+ 

Er3+ 

Ho3+ 

Dy3+ 

Tb3+ 

GD3+ 

TABLE 4 	Colour sequence for tripositive cations 

The most commonly used shift reagents Pr and Eu 

complexes, on allowing to stand under atmosuheric condition, 

turn yellow and white respectively. 
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2.4.1 STATE OF HYDRATION 

A ptructural determination of the hydrated Pr and Eu 

Cearlier member of lanthanide series1 complexes has shown 

that they are dimeric sesquihydrates, e.g. 

H20.(FOD)2-Pr(FOD)2CH201Pr(FOD 1 2 H2O 

(shown schematically in fig. 5) 

 0,-\_\_\_, 	o 	0  

C O  	 N  	 z  ) ,,0 L n 	0 	n 	O. 
‘H 

, 

0 	 \ 
/ \  

H 	H 	0 .,-_,r—f-)  \ //' \ H 

Fig. 5 

where bridging of the two Ln atoms is provided by two carbonyl 

oxygen atoms and one molecule of water. The other two water 

molecules are hydrogen bonded to two side chains in the ligand 

shell and are not bonded to the metal ion. If these complexes are 

allowed to stand unprotected in a moist atmosphere, even more 

water will be taken up. However, the two hydrogen bonded 

water molecules can be removed by vacuum pumping at room 

temperature which gives a dimerised hemihydrate 

[ (FOD) Ln(OH )Ln(F0D) 3 	2 	3 ]. The anhydrous chelates may be obtained 

only by vacuum pumping at elevated temperature. 



-21- 

In the case of the heavier lanthanide (e.g. Yb III) 

complexes which exist as monohydrated monomers (seven coordinate) 

in the solid state, water can be removed by vacuum 

pumping at room temperature. 	It has been shown that anhydrous 

lanthanide complexes produce larger shifts than the hydrates, 

but they are more difficult to prepare, keep and use. 

3,3-dimethy1-2-butanone induced shifts 

Fig. 7 	AS vs. R/S for pinacolone with Eu (DOD)3  

hydrate and anhydrous(63). 

Therefore it may be quite acceptable to store them 

over P205 in a vacuum desiccator before use and no further 

special care be taken to dry and keep rigorously dry the 

shift reagent, solvent, solutions and NMR tube, etc. for 

practical routine use. 
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2.5.1 SOLVENT EFFECTS 

In selection of the solvent for an NMR -study of 

organic compounds with shift reagents, in addition to the 

solubility and stability of the reagent 	complex formation 

between the substrate and solvent (through hydrogen bonding) 

or-between the solvent and shift reagent should be considered. 

Such complexation may result in a decrease of the observed 

induced shift. 	The ability of Eu(DPM)3  to shift protons in 

alcohols and amines in CDC13 solution has been found to be 

75-80 per cent that in CC14  (due to the hydrogen bond)(64).  

CC14,carbon tetrachloride,seems the best and most 

convenient solvent. 

Reagent solubility increases with increasing 

substrate concentration. 	The induced shift for a fixed 

concentration of Eu(DPM)3  and substrate in different solvents 

varies in the following order 

CC1>C6D6>CDC13 

CDC13 can form H-bonds with the TT system of the shift 

reagent. The magnitude of the difference between the solvents 

varies slightly with the substrate used. 	The more polar 

solvents interact with shift reagent and produce larger 

variation in shift power. As water competes with substrate 

for the reagent, dried solvent should be used. 	However, 

the lanthanide -diketonates are insoluble in water, and 
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for aqueous solutions the aquolanthanide ions may be used(65-66) 

e.g. (Eu(NO3)3, 6H20). 
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2.6.1 	L.S.R. --- SUBSTRATE STRENGTH OF BINDING 

The lanthanides form six coordinate metal complexes 

which may behave as Lewis acids, so that basic substrates 

become weakly bound as labile ligands; for such interactions 

all involved complexation equilibria are very rapid on the 

NNR time scale. 	It can be described by the equation: 

L + nS=t;LSn 
	 (6) 

where L is lanthanide shift reagent, S is substrate, and 

LSn is the adduct. 	
The equilibrium constant, K, indicates 

the strength of binding, 

LS n] 	
(7) 
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2.6.2 RELATIVE SHIFT ABILITIES OF THE VARIOUS LANTHANIDES 

If a comparison is made between lanthanide ions, along 

the lanthanide series the acidity of the ions increases. 

This should result in increase of the binding strength towards 

ligands. 	On the other hand, the decrease in the size of the 

ion (lanthanide contraction) results in increasing steric 

hindrance to substrate binding. 	Therefore, the ability of 

the different lanthanide complexes along the lanthanide series 

to further complex with organic molecules does not show a 

gradual variation. 	Complexes of lanthanide ions have been 

examined to compare their shift power and shift sign(67-68) 

Complexes of dysprosium(III), terbium(III) and holmium(III) 

give the largest induced shift compared with the others. 

However, complexes of Ea III producing a downfield 

shift and Pr III with an upfield shift are of especial interest, 

as their electron relaxation times are usually very short 

(10-13,10-12 sec), which means that very narrow NMR lines 

are observed(69), with no loss of the fine structure even 

at high relative concentrations of the shift reagents. 

Fig. (8) shows the relative shifting of the lanthanides 

under the same condition for Ln(DPM)3  on1H (70) 

Similar variation has been obtained with different 

substrates and shift reagents (FOD) on proton and carbon 

resonances (Fig. 14). 
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Ln(dpm)3  

 

Fig. 8 Observed proton isotropic shifts for the most 
shifted resonances of deuteriochloroform solutions 
of n-hexanol (H-1), 4-picoline N-oxide (H-2), 
and 4-vinyl-pyridine (H-2) in the presence of 
Ln(dpm)3  with R = 0.125 at 30°C. 	From reference 70 

Similar variation has been obtained with different 

substrates and shift reagents (FOD) on proton and carbon 

resonances (Fig. 14). 

If the induced shift was obtained from only one inter-

action, we would expect always to obtain the same lanthanide 

shift ratio for various substrates. 	But the observed shift 

may be regarded as consisting of three interactions 
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A6ob 
= ASdipolar AScontact A  6diamag' 

where ASob 
is the observed induced shift, 

ASdipolar is the through space interaction, 

AScontact is the through bond interaction, and 

"diamag is the complex formation interaction. 

In the Fig. (8) LaIII  and LuIII  are diamagnetic and 

do not produce dipolar or contact shifts and their complex 

formation shifts are very small. The GdIII complexes do 

not produce dipolar shifts. 	Since each f orbital is singly 

occupied in Gd III, (leading to spherical symmetry), only 

complex formation and contact interaction can be produced. 

Stronger binding of the substrate to the shift reagent 

increases the involvement of the contact term(71-72) • 

Involvement of the contact term may be examined by comparing 

the shifts induced in a given substrate by two shift reagents 

that are likely to form shift reagent-substrate complexes 

having very similar geometries. 	If the induced shift for 

a given nuclear species in both cases is of a purely dipolar 

origin, the shift ratio should be constant irrespective of 

the particular nucleus measured. 	However, differences in 

this ratio occur along the lanthanide series. 	These arise 

from differences in adduct dissociation constant, in g-tensor 

anisotropy, in geometry, and probably in relative magnitude 

and sign of their contact contributions. 	Yb(DPM)3  may be 

up to four times as effective as Eu(DPM)3  and has been used 

in many studies. Y tterbium complexes produce the largest 
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dipolar contribution to the induced shift, which_ makes them 

relatively important when the dipolar shift is considered. 

Since Yb(FOD)3  has been reported to be essentially monomeric 

in solution, this complex may offer special advantages in 

structural studies(73) 

The lanthanide shift reagents which produce downfield 

shifts have been most widely used in lanthanide induced shift 

studies. 
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2.6.3 RELATIVE SHIFTING ABILITIES OF COMPLEXES WITH 

VARIOUS LIGANDS 

The order of the shift strength for different chelates 

may be obtained by comparing the shift induced in a given 

substrate by shift reagents that are likely to form shift 

reagent-substrate complexes having very similar geometries. 

If the induced shifts for a given nuclear species in both 

cases are of a purely dipolar origin, the shift ratio should 

be constant irrespective of the particular nucleus measured. 

Tris 0-diketone complexes are the best shift reagents, 

since they are more soluble in organic solvents, stable in 

air, and are known to expand their coordination by acquiring 

ligands with lone pairs. 

Shifting power arises from lower dissociation constant 

of the adduct owing to the higher Lewis acidity induced by 

the fluorinated substituent(74) 

Eu(F0D)3>Eu(PFD)3>Eu(FHD)3>Eu(DPM) 3 

the order of decreasing shift strength for Eu. 

This is the expected order based on the Lewis acid strength 

of the lanthanide shift reagent complexes(74) Rondeau and 

Sievers have suggested Ln(FOD)3  chelates as the most power-

ful shift reagents, because the fluorine substitution of the 

0-diketonate ligands increases the solubility of the metal 

complex and the electron withdrawing fluorines increase the 
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Lewis acidity of the metal, making it a better coordination 

site for a weak donor(751 

Gas chromatographic studies of various lanthanide 

chelate-donor interactions have also Indicated that Eu(FOD)3  

may be the best overall shift reagent for spectral clarification, 

as it undergoes much stronger interaction with nucleophiles. 

Thus it could be the best shift reagent for use with weak 

nucleophilic substrates(76).. 

On this basis we can expect Eu(FOD)3  to produce 

larger shifts than Eu(DPM)3. 	In many cases, at the same 

number of molar equivalents, Eu(DPM)3  actually gives rise to 

larger shifts than does Eu(FOD)3, and in some cases there is 

a big difference. 	This behaviour could be due to the presence 

of complexes between Eu shift reagents and substrate other 

than 1:1. 

As a result of steric effects and the relative acceptor 

properties of the two types of reagent, 1:1 complexes should 

be more favoured with the Ln(DPM)3  reagents. With small 

a-diketone ligands, a number of complexes with different geometries 

may coexist which would tend to lead to smaller shifts
(77) 

However, as the fluorocarbon substitution on FOD 

increases the solubility of the complex, the great solubility 

and inherently greater ease in handling due to greater 

stability in air makes it a somewhat more convenient reagent 
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for many routine applications. 

Special applications have resulted in the use of 

shift reagents which possess special characteristic. 	For 

example, the chiral, 3-(t-butylhydroxymethylene)-d-camphor, 

(A) complexed to Euril  has been successfully used to separate 

the resonances of (R) and (S) amphetamines (78a) 

A M = Eu R = C(CH3)3  

B M = Eu R = CF3 

C M = Eu R = C3F7 

Fig. 9 

The use of this chiral shift reagent was first demon-

strated by Whitesides and Lewis (78b) . They observed nonequiv-

alent spectra for enantiomeric amines. 

Similar to the other shift reagents, the greater 

effectiveness of fluorinated chelates led to use of tris 

(trifluoroacetyl-d-camphorato) europium(III),Eu(faCam)3,(B) 

and tris [3-(heptafluoropropylhydoxymethylene)-d-camphrato] 

europium(III),(C). These complexes generally produce much 

larger chemical shift differences between corresponding nuclei 

in (R) and (S) enantiomers, than those produced by the non-

fluorinated ones,(A). 
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Transition metal complexes have also been used as 

shift reagents for strong Lewis bases. They usually produce 

larger shifts than lanthanide complexes, but they suffer from 

producing both contact and dipolar interactions. 	They also 

produce greater line broadening. These effects make them 

less suitable for structural investigations which need solely 

dipolar interaction. 
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2.7 	EFFECTS OF THE SUBSTRATE FUNCTIONAL GROUP 

Lanthanide shift reagents can be used to form a 

complex with any substrates having a suitable donor group. 

The hydroXyl group was the first to be used to obtain shifted 

NMR spectra(791 	The normal saturated alcohols with up to 

eleven carbon atoms have been used in shift reagent NMR 

studies(8O) 	Many cyclic and polycyclic alcohols have also 

been studied. 

Compounds with carbonyl groups exhibit a large shift 

in the presence of the shift reagents. 	In some cases their 

induced shifts have been used in structural studies(81) 

In the case of amides it has been proved that 

coordination, as expected, occurs at the carbonyl group(83-85) 

Ri 	Cis 

C 	 

trans 
2 

Fig. 10 

In the amide group sufficiently slow rotation around 

the C-N bond leads to different resonances for the group Cis 

or trans to the carbonyl due to the magnetic anisotropy of 
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the amide group. 

Shift reagents may be used to make the resonance assignment, 

The effect of Yb(DPM)3  on a series of amides under condition of 

slow rotation has been studied. 	The Cis protons are shifted 

about twice as much as trans ones, whereas under conditions of 

rapid rotation an averaged value is observed(86) Similar 

results were obtained by using Eu(DPM)3  and Eu(F0D)3(2,3) 

Dimethyl formamide and dimethylacetamide produce induced shifts 

of similar magnitude for both reagents. 	Ward, Allocx and Wahl, 

reported higher values for Eu(DPM)3(89) 	Thioamides exhibit 

smaller induced shifts than the corresponding amides, which may 

be due to lower electron density of the sulphur atom compared 

with that of the oxygen(90) 

The ability of S.R. to complex with sulphur compounds is 

not as great as for the oxygen analogs; e.g. they did not 

observe any shift of 0-ethyl thioacetate resonances in CC14  with 

SR, whereas all the protons of ethylacetate were affected. 

This may be due to insufficient electron density at the sulphur 

atom, because when this is increased by resonance effects as in 

thionocarbomate esters or amides, complexation can occur if 

steriochemistry is favourable. 

X = 0 

Sanders and Williams have reported the shift of CH2-R 

protons in the present of Eu(DPM)3. 	They found the effectiveness 

of R group in the following order for mono-functional 

substrates(91) 

	

RN /X 	R 4. 
,/eX 

N C 	N C 

R
7/  

	

R 	R 'R 
Fig. 11 
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amine > hydroxyl >> ketone > aldehyde > ether > ester > nitrile 

-NH2> - OH >> - C = 0 > - 0 - > - CO2R > - CN 

In a study by Hart and Love, on the saturated poly-

functional substrates, they suggested the preferred order 

of adduct formation as:(92)  

ether > thioether > ketone = ester 

It is obvious that the basicity can not be used to 

predict the order of shifting power since steric effects 

have been found to be important too. 	In a series of the 

relevant compounds, increasing the length of the alkyl group 

leads to increase in the basicity due to the inductive (+I) 

effect of the alkyl groups and therefore results in increase 

of the stability of the adduct. 	There is a limiting value 

for this effect, where steric constriction occurs. 	For 

this reason an important factor is the position of the 

functional group within the molecule. 	If the functional 

group is close to one end of molecule then the stability 

of the complex will increase. 

Branching on the substrate molecule affects the 

stability (K). 	Increased branching (+I) makes it a better 

donor. 	On the other hand the steric factor increases at 

the same time. 	Cyclization also increases the stability 	of 

the complex, due to a reduced steric factor. 

By examining the type of substrate used, the preferred 

site of coordination in a polyfunctional molecule may be 

predicted  
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2.8 
	BIFUNCTIONAL AND .POLYFUNCTIONAL MOLECULES 

In the case of bifunctional substrates where each of 

two donor sites A and B is able to form a complex with the 

shift reagent, let us assume that both form a 1:1 adduct, 

and KA  >> KB, i.e. site A is much more active than B. 

The more active site A is the preferred complexation 

site at low shift reagent concentrations. Further addition 

of the shift reagents lead to saturation of site A, and 

further coordination occurs at site B(96) 

OS 	10 	IS 	20 
	

2S 
	

30 
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Fig. 12 

Hart and Love have noted that intramolecular competition 

for a shift reagent by different groups in a polyfunctional 

molecule can be used to deduce preferred bonding orders(97)  

Ward and Allcan have used a series of polyfunctional 

molecular compounds in which the apparent sensitivity of 

different functional groups can be reversed by a change of 

one atom in the basic structure. 	They have suggested 
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P =0>C=0>C=S (thioamide) >P= S 

as the preferred order (98) 



MECHANISM 
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3.1.1 	PERBURBATION OF NMR SPECTRA 

Shift reagents interact with many organic compounds. 

This interaction gives rise to two spectrally observable 

phenomena, the en hancement of the nuclear relaxation rates, 

manifested often as a broadening of the observed lines, and 

the induced chemical shift. 	The magnitude of these effects 

is due to a complex combination of magnetic anisotropy, 

electron spin relaxation time, solubility, and the binding 

constant, which characterises the interaction between shift 

reagent and substrate. 	Such interactions may be studied 

by means of the line broadening and shift observed in NMR 

spectra oftheligand molecules. 	In many cases this broaden- 

ing is so severe as to wash out multipet structure arising 

from spin-spin splitting. 

In the early application of lanthanide shift reagents 

spectral line-broadening was considered to be a nuisance. 

However, the line-broadening contains information on the 

molecular structure and exchange rate of the substrate 

between its complexed and incomplexed forms, and on the 

electron spin relaxation of the lanthanide(98-99) 
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3.2 LINE BROADENING 

The signal broadening, when it is present, is due to 

one or both of two principal mechanisms, dipolar and hyper-

fine, given in the limit of rapid tumbling by the first and 

second terms of Eq (7) 

1 	[ 4y.1
2282S(S+1) 	. 	 ], 	A1)

2 
 8rS(S+1) 1 

3r6 	
Te T2 	 c 	h 	3 

where r is the metal-nucleus distance, Tc  is the correlation 

time for tumbling in solution, and Te  is the electronic 

spin-lattice relaxation time, S is the total electron spin 

quantum number of the ion, Y1  is the nuclear magnetogyric 

ratio, g is the electron magnetic momentum in the ion, A is 

the coupling constant (in erg) and 13 is the Bohr magneton. 

For situations where the hyperfine term dominates, 

linewidths will be proportional to the square of the contact 

shifts. 	On the other hand, for the more usual case of 

dominant dipolar broadening, this term has an inverse sixth 

power dependence upon the separation between the nucleus 

under investigation and the ion. 	Consequently the line 

broadening due to this term attenuates rapidly with distance 

r. 	Even in the presence of a small amount of contact inter- 

action the r 6 dependence renders the dipolar relaxation very 

sensitive to change in r. 	This fact has been used in the 

interpretation of the NMR spectra of paramagnetic species 

and has led to paramagnetic metal ions being used as 
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"broadening reagents" or "relaxation reagents" to determine 

the electron-nucleus distance from line broadening measurements. 

The long electron spin relaxation time and highly isotropic 

magnetic moment of Gd
3+ 

makes it the ideal "lanthanide 

relaxation reagent". 	In general, the effects of lanthanide 

with long electronic relaxation times, (e.g. Gd
3+ 

and Eu
2+

), 

on widths of nuclear resonances Svi,1/2  are taken as 

1 
avi,1/2 a T21 	/rib> 

(8)  

For a given complex and constant temperature, F is 

the same for the interaction of the lanthanide with all like 

nuclei. 

The intramolecular broadening ratio within a given 

lanthanide complex is given by 

61) 	(1/r.6> 

tsv 	(1/rJ6> 

This relative linewidth technique can be used to 

obtain the conformation of molecules in solution(100) 

Linewidth data may also be used to investigate the orientation 

of solvent molecules around a paramagnetic solute(101) 

Linebroadening depends on the chemical shift difference 

between complexed and free substrate and therefore on Ad, 

the binding constant, and the concentration ratio R/S(102) 

(9)  
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Broadening for the different lanthanide ions and their 

relative shift power are summarised in Table 5. 

Ln Shift Power Broadening 

Pr -1.1 0.005 

Sm -0.2 0.02 

Eu +1.0 0.003 

Tb -5.5 0.1 

Ho -7 0.02 

Yb +4 0.02 

TABLE 5 Shift and broadening characteristic of some 
(105) Ln complexes 
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3.3.1 NATURE OF THE SHIFT 

The observed chemical shifts in organic compounds, 

induced by paramagnetic lanthanide (Lniii) ions,are the 

summation of three possible contributions, the contact shift 

(CS), pseudo-contact shift (PCS) and the complex formation 

shift (CFS). 

The relative importance of these terms varies con-

siderably with the type of functional group present, the 

substrate structure, and the nature of the shift reagent. 

The overall chemical shift change may be written as: 

"i,obs = "i,contact "i,dipolar "i,dia mag 	(10) 

where"i,contact arises from contact shift, 

"i,dipolar from pseudo-contact and 

Mi,diamag from complex formation contribution. 
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3.3.2 THE CONTACT INTERACTION 

Large shifts in the diamagnetic (uncomplexed) 

resonances of protons of the ligand molecule can be caused 

by delocalisation of the unpaired f electron density from 

a paramagnetic lanthanide to the proton (nuclei) in question 

by the formation of a weak covalent bond; this is called 

the "contact shift". 	This effect, which is through bonds 

can be described for a proton as(106-108) - . 

y
e 	gOV J(J+1)  AV. =- A. 

1 	1 y 	3KT 

where A-1  is the electron-proton hyperfine interaction constant 

of the ith proton, ye and y are the electronic and nuclear 

magnetogyric ratios, respectively, Avi  is the isotropic 

contact shift for the paramagnetic species; vo  is the 

frequency of the resonance, K is Boltzman's constant, T is 

absolute temperature, A is the Bohr magneton, J is the 

resultant electron spin angular momentum, and g is the 

spectroscopic splitting factor. 	The magnitude of the contact 

shift is dependent upon the average g and J values of the 

lanthanide ions, as well as upon covalency. 	The proton 

NMR data reveal that electron withdrawing substituents tend 

to decrease the metal to ligand spin transfer, and vice-

versa for electron releasing substituents(107a) 
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The contact shift decreases with the number of 

bonds separating the metal ion from the proton in question 

(by a and Tr electron delocalization mechanism). 

In general, for lanthanide complexes the contact 

contribution is small because of the shielding of the 

(unpaired) 4f electrons by the 5S and 5P orbitals. 	The 

contact shift is slightly more pronounced with the more 

strongly binding lanthanide shift reagent-substrate system. 

The order of increasing contact contribution for some 

lanthanide shift reagents are as follows  

Pr(F0D)3  < Yb(F0D)3  < Eu(DPM)3 < Er (FOD) 3 < Eu (FOD) 3 

It is clear that the contact contributions are 

much larger with stronger binding lanthanide-substrate. 

Ln(FOD)3  is more strongly bonded than Ln(DPM)3, as the 

electron-withdrawing fluorines (C3F7) increase the 

residual acidity of the cation, make it a stronger Lewis 

acid and consequently increase the involvement of the 

contact contribution(108) . 

In aromatic systems, where unpaired spin density is 

transferred through Tr system electrons, contact shift may 

make more important contributions to the observed shifts of 

resonances throughout the molecule
(109) . 	In aliphatic 
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systems, where spin density is transferred through a bonds, 

contact-shift contributions are rapidly reduced and only 

affect resonances of nuclei close to the coordination site
(110) 

The reported calculations have suggested that.for the 

lanthanide reagents the contact term become more important 

along the series Yb < Tm < Dy < Tb < Er < Ho < Nd < Eu
(111) 

This contribution is more pronounced on 
13C shifts than on 

proton shifts
112). 	The contact shift can yield informa- 

tion relating to the extent of covalent bonding and to the 

mechanisms of a- and Tr- electron density delocalization in 

the paramagnetic species(113) 
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3.3.3 DIPOLAR INTERACTION 

The dipolar electron-nucleus interaction is a direct 

through-space interaction between the electron magnetic 

moment of the paramagnetic lanthanide ion and the magnetic 

moment of the resonating nucleus. The frequency shifts due 

to magnetic dipole interaction average to zero under condi-

tions of rapid tumbling if the magnetic moment of the lanthanide 

ion is isotropic. 	If g is anisotropic, it gives rise to 

so-called "pseudocontact" shifts, which are a function of 

substrate geometry, and the anisotropy of the principal 

molecular magnetic susceptibilities of the complex as a whole. 

A generally valid expression for dipolar shifts is 

given by equations 12, 13 and 14(114)  

2 
AHdip 	- D [ 	

2 3 Cos 0-1 	Di Sin 0 Cos2(1)1 L 3 r r3 

r 	1 - / (X + Xy)] 3N z 2 x 

= 1 
rX - X] 2N x y 

wherE r, 6, and (I) are the spherical polar coordinates of the 

resonating nucleus in the coordinate system of the principal 

magnetic axes, Fig. (13). 	The X's are the principal mole- 

cular susceptibilities, and N is Avogadro's number. 

(12)  

(13)  

(14)  
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X 
u_od 

Fig. 13 	The position of a nuclei with respect to the 
central ion in the coordinate system of the 
principal component of magnetic susceptibility 

In the case of axial symmetry Xy  = xx  171..  = ° 

1  r 
Adipol 	3Nr. 3 LX

z 	][ 3Cos
2Oi  - 1] 

This interaction averages to zero if X is isotropic 

(x = Xy  = xz ) 
	

(16) 

= D = 0 

The pseudocontact shift of paramagnetic species was first 

described in detail by McConnell and Robertson(115) They 

used a simplified relationship, when the magnetic moment of 

the complex has axial symmetry (i.e. a C3  or higher axis of 

symmetry). 

A
dip 

= H1  = K (3Cos26 	1)/r.3  
AH. 

(17) 

where K is the same for all the nuclei in a given complex 

(15) 

species. 	The pseudocontact shifts of these nuclei differ 

oraYblrthemagratudeofthegeometricfactorMos2ei-IUr.3f 
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which shows a dependence upon the inverse cube of the distance 

between the lanthanide and the ith nucleus of the ligand, r. 

and the angle 0i, which the vector 	makes with the principal 

magnetic axis of the molecule. The ratio of this factor 

for the different nuclei present will then be the ratio of 

the pseudocontact shifts at these nuclei. 	Calculation of 

this factor depends solely upon the geometry of the species. 

This aspect of pseudocontact shifts will be considered in 

more detail. 
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3.3.4 	DIAMAGNETIC TERM 

The third contribution to the overall observed 

induced shift is the Complex Formation Shift (CFS). 

This shift is the result of the bonded electrons and 

arises simply because the substrate has become bound to the 

shift reagent, and is independent of the paramagnetism of 

the lanthanide. 

This term might be determined by using the diamagnetic 

shift reagents. 	Lanthanum (La3+) and Lutetium (Lu
3+) are 

diamagnetic due to their closed electronic shell configurations. 

Their complexes do not produce pseudocontact or contact shifts. 

The observed induced chemical shifts (S value) are 

due only to the complex formation term. 	The (S values 

obtained are very similar for different compounds using 

La3+ or Lu3+  shift reagents(116,117) 

A relatively high value of CFS has been observed 

for pyridine N-oxide and related aromatic compounds(118) 

In contrast, this value for aliphatic compounds with 

La(F0D)3 and Lu(F0D)3  is too small to be measured. 	
Therefore 

the CFS is not a major contribution to the induced shifts. 
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3.4.1 	ESTIMATION OF COMPLEX FORMATION, CONTACT AND 

PSEUDOCONTACT TERMS 

Chemical shifts induced by lanthanide shift reagents 

have been assumed to be dominated by the pseudocontact 

interaction. This assumption has been supported by well-

documented evidence. For 1H NMR the observed shifts nicely 

coincide with the calculated values based on the simple 

axially or effectively axially symmetric pseudocontact 

equation(119)  

In addition to the dipolar shifts, there is, however, 

evidence of contact interaction(120,121) at the nuclei 

closest to the complexing site in 14N , 170 , 31P and 

13C NMR studies (122-125)  

If lanthanide shift reagents are to be used in 

conjunction with NMR spectroscopy of nuclei other than the proton 

to provide quantitative structural information, 	the induced 

NMR shifts must be shown either to be solely or very largely 

pseudocontact in origin, or to be analysable to yield the 

pseudocontact contribution to the observed shifts(126) 

Since the induced shifts may contain three terms, pseudo-

contact shifts (PCS), Contact Shifts (CS) and -Complex 

Formation Shifts (CFS), 	it is clear that caution must be 

employed in the application of lanthanide shift reagents, 

because the CFS term as well as the CS term are sometimes 

too large to be ignored(127-129) 
	

It is essential to have 
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a better knowledge about the relative values of these terms 

or estimation of each term, when applying shift reagents to 

structure analysis. 

3.4.2 	ESTIMATION OF THE CFS 

Elimination of the CFS contribution from the observed 

shift can be achieved by using lanthanide shift reagents of 

spin-paired Lanthanum (La) or Lutetium (Lu) since shift 

values Cs values) induced by diamagnetic La(FOD)3  or Lu(FOD)3  

only arise from CF interaction. Assuming that CFS terms are 

the same for all the other lanthanide shift reagents (which 

seems a reasonable assumption since the CFS induced by 

La(F0D)3  (the lightest lanthanide) and Lu(F0D)3  (the heaviest 

lanthanide) are usually very similar), then the magnitude of 

the CFS can be evaluated for any substrate. 

CFS = 1,/2  [ d values (La) + b 
values (Lu)] 
	

(18) 
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3.4.3 EVALUATION OF THE CS 

The CS term can be measured in two ways. 

I. Comparison of the 1H and 13C spectra  

Contact contribution may be obtained by comparing 

lanthanide induced shift on 1H and 13C spectra of the same 

compound. Since proton induced shifts may be assumed to 

be wholly pseudocontact, 1H data can be used to determine 

the position of the complexed lanthanide ion and hence to 

calculate the PCS for the 13C nuclei in the molecule. 

Having CFS and PCS it is now possible to obtain CS by 

subtracting these from the experimentally observed shift: 

f ob = ACFS + A PCS + ACS 
	 (19) 

II. Evaluation of the CS term by Gd(FOD)3  

The GdIII  complexes are usually known as "relaxation 

reagents" and their line broadening effect on 1HNMR spectra 

makes it difficult to observe their induced shift, but using 

them in 13C NMR shows observable (in some cases quite large) (129b)  

induced shifts. 

3 Gd
+  is magnetically isotropic and Gd3+ chelates do 

not produce induced dipolar shifts. 	Their observed induced 

shifts are due to the CS and CFS which allows the CS term 

to be determined directly by subtracting the CFS term. 
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The experimentally obtained CS values have been found 

to give good agreement with theoretical calculation, without 

taking into consideration the nature of the complexing metal. 

From this it might be assumed that the CS is independent of 

the type of lanthanide. 	If this is so, then the CS values 

induced by any Ln(F0D)3  reagent could be evaluated by multi-

plying the CSGd  (experimentally obtained by using Gd(F0D)3) 

values, by an appropriate factor, m. 	This factor calculated 

as in equation (20) 

A6ob = A6 	+ AS  CFS 	A6 CS 	CFS 	PCS 

can be changed to (21) 

ASob - A6CF  - latA6Gd  = A6PCS 

Factor m can be found by making the PCS values satisfy the 

geometric factors of each nucleus in question. 

Factor a has been found to be negative for Pr and 

Nd, and positive for Sm, Eu, Tb, Dy ,Ho, Tm and Yb(130) 

(Fig. (14)). 	An average value of 
6(
2] EY6pcs  from a 13C study 

on isoquinoline has been obtained by Gansow et a1!31)  which 

indicates the CS induced by particular lanthanides. 

(20)  

(21)  
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Fig. 14 13C contact shift (broken line) and pseudo-
contact shift (solid line) of the (A carbon of 
4)plotted against the type of lanthanide shift 
reagent Ce and Pm are not included. Vertical 
scale is given in parts per million and positive 
sign denotes upfield shifts(130). 

Ln(DPM)3 
6  contact 

-a Pc 
Ln(DPM)3 

contact 

6PC 

Eu 0.80 Ho 0.19 

Nd 0.70 Pr 0.15 
Er 0.25 Dy 0.13 
Tb 0.21 Yb 0.05 

TABLE 5 Average values for 6(Wpc  for 

different Ln(DPM)3
(2) 

The relative contact shifts exhibited by protons are 

much smaller.than those produced by the same density of 

unpaired S electrons at most other nuclei. 	Since the 

contact interaction described before was proportional to 
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• Y g" J(J+1)  

	

AV. 	- A
i 

ey 	x 

	

1 	3KT (22) 

A A 
C /Y 

where A is characteristic of different nuclei, and may be 

of different sign and magnitude and y is the magnetogyric 

ratio of the concerned nucleus. 

The relative contact shifts produced for different 

nuclei have been estimated. 

Relative contact shifts 

in presence of the same 

spin density(132) 

for some nuclei 

amount of electron 

Nucleus Ratio of contact shifts of 
nucleus concerned IH 

1H 1.00 

13C 8.76 

14N 15.17 

170 24.09 

19F 35.91 

23Na 1.66 

31P 17.88 

36Cl 33.59 

TABLE 7 

Consequently, when both contact and dipolar contri-

butions are present, the contact interaction does not play 

a significant role for protons compared with other 
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(133-141) nuclei 	This fact has been used to calculate PCS 

for other nuclei, by assuming the proton lanthanide induced 

shift as wholly PCS in origin, and finding the best metal 

position in the complex between lanthanide shift reagent and 

substrate. 

Having found the best metal position, the pseudo-

contact shift may be calculated for each nucleus in 

question. 

The contact, PCS and CF contribution of the observed 

shifts in 1H and 13C NMR spectra of some compounds represen-

tative of the more common functional groups, have been estimated 

by Williams et al.(119) 	They found the 13C shifts exhibited 

upon complex formation with La(DPM)3  are more pronounced for 

the carbonyl carbons of ketones and significant for the oxygen-

bonded carbons of alcohols, and carbon a to the C-N bond of 

primary amines. 

The contact contributions to 
13C are relatively large, 

and extraordinarily substrate dependent. 	The magnitude of 

CS is larger in amines than in ketones or alcohols
(142) 

The effect in ketones is not surprising, since we are observing 

electron donation from the carbonyl oxygen to the lanthanide 

ion, and efficient 7-transmission of the unpaired spin density 

onto the carbonyl carbon atom results in magnetic deshielding 

of this atom and manifests itself as a "downfield" shift. 

The smaller effect in alcohols must be due to the absence 

of a r-system. 
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Results of several studies show that the pseudo-

contact shift generally is dominant in the proton and carbon 

NMR spectra of alcohols, ketones and amides
(143) 	There is 

excellent agreement between observed and predicted shifts 

at all carbon atoms for the YbIII complexes. 	Often the 

agreement between calculated PCS and observed shifts may be 

significantly improved if nuclei very close to the para-

magnetic metal atom are removed from consideration, thereby 

minimising the effects of any contact contribution. 
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3.5.1 	EVALUATION OF BOUND CHEMICAL SHIFT, BINDING CONSTANT  

AND STOICHIOMETRY OF "RS" COMPLEXES .  

It is well-known that the chemical shift induced by 

lanthanide shift reagent increases with increasing shift 

reagent-to-substrate ratio. 	This is the result of rapid 

exchange (on the NMR time scale) between complexed substrate 

and free substrate molecules. 	The observed chemical shift 

of the protons, So, when a complex is undergoing rapid exchange 

with excess ligand in solution is the weighted average of 

the shifts in complexed and free ligands. 	This situation 

is expressed by equation (23) when only a single complex 

S 
Sob = 	c/

St 
(Sc  - df) + f 	(23) 

with fixed coordination number exists in solution. Where  Sob' 
Sc and 6f are the observed, complexed and free chemical shifts 

respectively, Sc  is the concentration of the complexed substrate 

= [RS], and St  is the total concentration of the substrate 

or 

Aob 
= A

c x Sc/St 
	 (24) 

where Aob and Ac are the observed net shift and the shift 

of a given nucleus in the complexed species relative to its 

diamagnetic (uncomplexed) position. 	It has become customary 
R  to plot (A013) observed shifts against 	= p where Rt  is the 
t 

total shift reagent concentration. 	For a simple case 1:1 

complex 



Using the definitions, 

[PS] 
Rt 

(27) 	and p a1 

Rt  
St  

(28) 
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R + S —RS 

K , 	[RS] 
[R][S] 

K is the equilibrium constant. 

[RS] A Aob St  c 

(25)  

(26)  

Eq. (26) becomes 

Aob = alPAo 
	 (29) 

Rt  = [RS] + R] 

[RS] 	[RS] 	1 	 a = — - 	- 	 (30) 
1 	Rt 	[RS] + [ 9 	1 + 1 	1 /p i x K 

[S] = St  - [RS] = St  - Sc 	 (31) 

Aob  1 
1 + (S

t-Sc K 

Rt x /S  x Ac  t   1 

The observed shift as function of p is given by 

Aob - 	 Ac 1 + 	1  
(Stc)K 

at very low reagent concentration and constant St., this 

plot will be linear assuming St  >> Sc*. 

C321 
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It is possible to estimate the value of Ac  from the 

slopes or from extrapolation of this line to the value, 

P = 1. 	Values of the limiting induced shift (Ac) or the 

slopes have been used in studies of molecular structure 

using the McConnell equation  

In this type of experiment, the "bound" shift is taken 

as the slope of a plot of lob  versus p. 	This slope may in 

some cases increase with the absolute substrate concentration 

in the experiment. 	Under the appropriate condition, this 

slope should be independent of St. 

At low shift reagent concentration St  >> Rt  and 

St 	[RS] = St 

equation (32) becomes: 

K St 	Rt  
A   x — A ob 1 +KSt 	St c 

R  Plot of Aob vs. /St  

(I) K St  >> 1 strong binding or high St  in this limit 

R  A
ob 

A
c 

t/ St  

will be a straight line through the origin, with slope of, Ac. 

(II) K S
t << 1, i.e. weak binding or low St • 

R  Dob = K c [St] x /St 

(33)  

(34)  

(35)  

(36)  
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will be linear with slope of KAoSt, proportional to St. 

Finding the correct St  provides a test of whether or not 

given experimental conditions are "appropriate". 	If two 

runs at different S
t 
are performed and agree, then the correct 

limiting shift has been obtained. 	Otherwise, additional 

measurements at higher So  are necessary. 

On the other hand, if the experiment is performed in 

the concentration range St  >> Rt  at constant Rt  and varying 

St, then a plot of St  against 1/A  gives a straight line from 

which the slope and intercepts give Ac  and K the equilibrium 

constant
(146) 

CAob)
-1 = (A.

c
Rt)

-1  St + (AcRtK)
-1 	(37) 

This equation (37) has been used to evaluate the first 

reported binding constant for S - Ln complexes by Armitage(147) 

In order to ascertain what a particular interaction 

mechanism may be, it is necessary to consider the possible 

interaction involved. 

For a lanthanide shift reagent (R) and substrate (S), 

two main equilibria (apart from dimerization of the reagent 

and solvent-substrate interaction) may be involved, the 

complex formation equilibria for a 1:1 adduct, and 1:2 adduct. 
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3.5.2 ADDUCT FORMATION 

R+SIRS 

RS + S RS 2 

[RS]  K - 1 	[R][S] 

[ RS2] 
K2  - 	 
2  [RS][ 

(38)  

(39)  

In the early work on these systems only the first 

equilibrium was considered. 	More detailed studies have shown 

the presence of the second equilibrium in a number of 

studies(148) In this case the observed chemical shift 

due to the rapid exchange is the average of the chemical 

shift of each adduct weighted by their relative population. 

A  _ [ RS] A 
+ 2  [ RS2] a6  

(40) 
o St 

 1 St 2  

whereAl  and L2  are limiting shifts of the 1:1 and 1:2 adducts. 

If the rate of exchange between complexed and free 

substrate molecules is not too rapid, it may be possible to 

observe a separate NMR spectrum for the complexed and free 

substrate molecules(149) Evaluation of the relative 

areas of the signals from complexed and uncomplexed ligands 

in this case may lead to accurate estimates of metal 

coordination number and competitive solvation phenomena. 

Further involvement of LS2 species has been shown more 

directly from low temperature studies, where the exchange 

is sufficiently slow. 

Evans and Wyatt have reported 1H NMR spectra for 

a variety of lanthanide shift reagents with different 
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substrates 050,151).At low temperatures they observed two peaks 

for both free and complexed substrate and have been able to 

determine the "bound" chemical shift and solvation number of 

the shift reagent, from the relative areas of the two peaks. 

The solvation number was found to be either 1 or 2 within 

experimental error (5%) and the relative proportions of 1:1 

complexes increase in going to room temperature. 	They 

described the importance of the acceptor properties of shift 

reagent and donor properties of the substrate. 	The average 

solvation number n can also be determined fromA
o in the 

temperature region where rapid chemical exchange occurs, 

since the value of A bound and its temperature dependence 

are known(152) 

Sc  x n 	6.,(m-n) 
6ob 	m 	m (41) 

where Sob = observed chemical shift 

Sc = limiting shift of the coordinated substrate 

n = solvation number of the complex 

m = number of mol of substrate per mol of shift 

reagent 

In further work by Grotens, a few more cases of slow 

exchange in the NMR spectra at low temperature have been 

reported(153) 

Armitage, et al. have used equation (42) to obtain direct 

measurement of the stoichiometry of the complex(154) • 
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1. Log[S] = ( /n) log ([RS]/[R]) 	1/n log K 	(42) 

They analysed shift data for CDC13  solutions of n-propylamine 

and neo-pentanol with the two reagents Eu(F0D)3  and Eu(DPM)3. 

They used (AC) limiting shifts obtained from a plot of St  

versus 1 	to calculate the concentration of the various 
o' 

 

species in equilibrium and then plotted log (S] against log 

i[RS]/[R]) 
They found n = 1.0 from the slope of this 

later plot and obtained K from its intercept. 	Their 

recommended method was derived under the assumption of 1:1 

complex formation for calculation of the concentration of 

the species, and has been used as evidence for a simple one 

step mechanism. They have also tried to evaluate the binding 

constant and limiting shift values as well as the stoichiometry 

of the complex, by using a one step interaction(152,155) 

K 
R f nS t RSn 	 (43) 

It has been shown by Shapiro and Johnson(156) from 

a detailed four-parameter analysis of the concentration 

dependence of the lanthanide shift reagent-substrate inter-

action, that such systems can obey a two-step equilibrium, 

R S t RS 

RS 4. S t RS2  

within experimental error. 	Fits to a simple one-step 

mechanism shown significant deviations. They have made a 

comparison of published methods for evaluation of the bound 
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shift and binding constant, in order to test the validity 

of those methods. However, they have shown that a plot of 

A0vs. p (at constant St) or a plot of 1/A0  against St  (at 

constant R
t) may be used to give reliable limiting shifts. 

It has been suggested by Reuben that the relative 

values of K1 and K2 will depend on the substrate induced 

ligand rearrangement around the lanthanide ion on forming 

RS, which can either hinder or facilitate binding of the 

second substrate molecule(157) 

Values of K
1 
and K2 for different systems show the 

effect of the acceptor properties of the SR, the donor 

properties of the substrate and, in particular, stric 

repulsions in an actual or hypothetical eight-coordinate 

2:1 complex. 	These steric repulsions increase with 

increasing size of the 6-diketone, and of the substrate. 

The more bulky molecules decrease the value of K2. 

As the atomic number of the lanthanide increases, 

and its ionic radius decreases, there will be two opposing 

effects - (I) In the absence of steric factors the acceptor 

properties of the shift reagents will increase, (II) Steric 

repulsions in the RS2  adducts will also increase, which 

results in decrease stability of the adduct. 	The combina- 

tion of these two effects is well illustrated in the figure 

(15) which shows a plot of log K1  against the ionic radius 

of the lanthanide ion(158) 
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Fig. 15 

The value of K1 increases rapidly from Eu to Yb
(159) 

Osmometry data also reveal that the 1:1 formation 

constant increases with increasing atomic number across the 

lanthanide series(160).  The result of the osmometry study, 

combined with the 1E NMR study of Porter 	, has shown that 

when K1:1 is large and K1:2 is significantly less, the 

concentration dependent curve eventually will level off around 

Ln 
/S = 1/1, since all the substrate is present as a 1:1 

adduct and no further change occurs upon addition of shift 

reagent. 	When K1:2 is fairly large, the break will occur 

before the 1:1 point. 

.4; 
8' 

10 
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4.1.1 	The majority of reported studies concerned with the 

use of lanthanide shift reagents are in spectral simplific-

ation, assignment of molecular configurations, analysis of 

epimer and Cis-trans isomer ratio, and the most potentially 

useful application to determine molecular conformation in 

solution(161). 	Most of the work is concerned with proton 

NMR and less with 
13C, 19F, 31P, 

14N and 170
(165) 

Several papers deal with effects in the nematic phase
(167) 

and in high polymers
(168) 
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4.2.1 	USE OF LSR TO MEASURE COUPLING CONSTANTS 

Lanthanide shift reagents have excellent potential in 

the elucidation of coupling between protons in molecules 

with complex spectra, where addition of the shift reagent 

gives rise to a first order spectrum in which coupling constants 

can be directly measured. 	It has generally been assumed 

that substrate coupling constants are not significantly 

changed by addition of the shift reagent(169-170) 

This assumption may not be valid, however, in the 

investigation of molecular conformations using coupling 

,constant data, in the presence of the shift reagents. 

There are two points which suggest that the values obtained 

should be interpreted with discretion. 

First, the coupling constants in the shifted spectra 

are the average of those of the complexed and free substrate. 

Changes in charge distribution due to coordination to the 

lanthanide ion, or changes in conformation due to the 

complexation, may change the values of the coupling constants. 

Secondly, the relaxation effects of the more commonly 

used lanthanide (EuIII and Priii) complexes, can produce 

decoupling and therefore alter the measured coupling constant. 

A decrease of the coupling constant has been reported 

in the spectrum of quinoline in the presence of Eu(DPM)3, 

which was interpreted as being due to chemical exchange spin 
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decoupling (171-173) 	Chemical exchange spin decoupling 

obtained in the presence of a paramagnetic centre may give 

rise to decrease in, or the complete removal of,the spin-spin 

coupling fine structure in the NMR spectrum of the 

substrate(174-176). 

An increase in the value of coupling constant with 

increasing reagent concentration has been observed for a 

number of substrates. This has been considered to be the 

result of the electron withdrawing effects of the shift 

reagent or the particular substrate conformation in the 

adduct. 	If the complex is formed with one preferred 

conformation, the shifted spectrum at high shift reagent 

concentration can be considered as belonging to that 

conformation. 
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4.3.1 LSR 	IN GEOMETRICAL DETERMINATION 

There has been a great interest in the use of the 

lanthanide shift reagents to determine the geometry and 

conformations of molecules, especially those of biological 

interest. 

This application is important, because of the limita-

tions of other methods for establishing molecular conformations 

in solution directly. Common NMR methods rely on empirical 

correlations of coupling constants and vicinal bond angles, 

various chemical shift correlations, and on solvent and 

temperature dependence of chemical shift. 

Signal broadening and dipolar induced shifts are 

directly related to molecular geometry. 

4.3.2 	DETERMINATION OF SUBSTRATE CONFORMATION FROM LIS 

The major reason for the interest in lanthanide 

shift reagents is the possibility that the observed shift 

is a potential source of information about molecular geometries. 

The possibilitx,which might lead to success of the simplified 

McConnell-Robertson relation [ Eq (44)] in predicting 

molecular conformation in solution,arises if: 

I. the observed shifts are entirely dipolar in origin• 

II. the complexes have axial symmetry or effective 

axial symmetry; 
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III. 	the substrate ligand exists in a single 

conformation or an appropriate average over 

internal motions is carried out. 

4.3.3 INDUCED SHIFT 

The dipolar origin of the observed shift might be 

tested by comparing the shift induced in a given substrate 

by two shift reagents. 	If the induced shifts for a given 

nuclear species in both cases are of a purely dipolar origin, 

the shift ratio should be constant and show whether or not 

the dipolar interaction is the dominant shift mechanism. 

When contact and complex formation shifts are present, the 

pseudocontact shift must be evaluated from the observed 

induced shift. 

ASdip = 6,6ob 	(Adcont + ASdiam) 
	

(46) 

Often the agreement between calculated and observed dipolar 

shifts may be significantly improved if nuclei very close 

to the paramagnetic metal atom are removed from consideration. 

It has been shown that the contribution to the dipolar 

shift due to the second term in equation (12) is less 

than 15% in most cases(167) 
	

For lanthanide complexes which 

do not possess rigorous axial symmetry in the solid state, 

there is a reasonably large number of contributing structures 

in solution and the nonaxial portion of the dipolar field, 
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as seen by a given substrate,is effectively eliminated in 

time average(177-182) 
	

However, it is probable that rapid 

exchange between different conformations of this type may 

give rise to an exchange-averaged structure having an effective 

axial symmetry in which equation (44) may be appropriate. 

In axially symmetric systems the dipolar interaction 

induced by association of organic molecules with shift 

reagents is given by 

Adip  
3Cos20. - 1 

3 
ri  

(44) 

where dip  is the time-averaged pseudocontact shift induced 

in a molecule by the paramagnetic species; i refers to the 

ith nucleus, ri  is the length of the vector joining the nucleus 

to the paramagnetic centre, 0i is the angle between this 

vector and the principal magnetic susceptibility axis; and 

D is a constant for the particular complex. 

Since the ratio of dipolar shifts is equal to the 

ratios of the geometric factors and independent of the shift 

reagent, 

	

Vi 	< (3Cos2Oi  - 1)/ri
3> 

	

AVJ 	<:(3Cos20 - 1)/r 3> 
(45) 

The geometric factor can be established for each chemically 

shifted nucleus from the observed LIS using an iterative 

approach. 
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Finally, with appropriate bond distance and bond 

angle information for the remaining atoms in the molecule, 

it is then possible to obtain an average conformation for 

the molecule which is complexed to the shift reagent. 

Several attempts have been made to obtain detailed 

structural information about the substrate molecules from 

the geometric factor by theoretically varying the position 

of the metal ion with respect to a fixed substrate molecule 

until a best fit is observed between calculated and observed 

shifts(183-184) An agreement factor R has been used to 

estimate the agreement between experimental and calculated 

shifts. 

R -= [  i o E (AH ib  - AH
i 	)2 w 	1 
cal i  /2  

E (H1)2  wii 	ob 	1 

(47) 

where AHob 
and AHical are the observed and calculated dipolar 

shifts for nucleus i with a weighting factor wi. 	The 

lanthanide ion is moved incrementally over the surface of a 

sphere whose radius, r, corresponds to the distance between 

the lanthanide ion and the coordinating atom to which the 

lanthanide shift reagent is known to be complexed. 

The position of lanthanide is varied around the 

donor atom in given limits and steps in order to find the 

best position for the lanthanide metal. 	The reliability 

of structure prediction based on 13C and 1H LIS has been 

studied by Schneider and Weigand. 	They found 13C LIS 
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more accurate than 1H shifts(185) Structures determined 

by this approach appear to be in good agreement with 

independent estimates for a, 8- unsaturated aldehydes, 

ketones and amides(186) The minimal agreement factor R 

and the corresponding lanthanide positions are extremely 

dependent upon the chosen structural data for the model 

substrate and on the errors of the experimental shift 

values. 	It has been observed that a difference or improve- 

ment of R factor of less than 3% is not significant in 

most cases(185) 

Calculated shifts may have been obtained from a 

substrate structure which contains small random coordinate 

errors. 	The effects of such errors on shift calculations 

have recently been reported by Hinckley and Brumley(187) 

They suggested that errors of calculation will be significant 

when the distinctions to be made involve closely related 

structures such as molecular conformation or conformational 

mixing and the effect of coordinate errors on calculation 

should be carefully considered. 	They have been able to 

estimate variances and fractional errors of calculation for 

the lanthanide-induced pseudocontact shifts and relative 

shifts in the assumed substrate structure(188) 

• 
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4.3.4. LINE BROADENING 

In a system with lanthanide shift reagent there is 

generally some degree of spectral line broadening. Some 
III 

systems with EuIIIarPr 	chelates give large shifts with 

only small detectable signal broadening. The broadening is 

due to one or both of two principle mechanisms, dipolar and 

hyperfine, given in the limit of rapid tumbling by the 

first or second term of Eq (48) 

1 	
4y,2g2A2S(S+1) 
	 Tc 

	
(Ai  /11 	3 )281r2S(S + 1)  Tc T2 	3r6 

where r is the metal-nucleus distance, 'Cc  is the correlation 

time for tumbling in solution, Te  is the electronic spin- 
Ai lattice relaxation time, 	/h is the coupling constant between 

the effective free electron on the ion and the nucleus 

(in Hz) , and the other parameters have their previously defined 

meanings. 

In general, for metal complexes
, 

T
c 
> T

e, the 

hyperfine broadening (second term) will dominate only for 
A. . 3 h  > 4 x 106 Hertz, where r = 3A°  For a system at 300oK 

and S = 1 such values are related to a Contact shift of 

>300 PPM (189). In a study by Angerman, the line broadening 

due to the hyperfine interaction was estimated; Ayl, < 1 Hertz 

for a system involving Pr(TMH)3  and chlorophine (190). 

Those values are consistent with the initial assumption that 

the total line width is due principally to a dipolar inter-

. action. 



1 
Av. a — 1, 	T 2 	ri

6  
(49) 
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In such a system with a dominant dipolar term, the 

line width will be proportional to 1/r.6. 	The lanthanide 

complexes used in this content are often called "Relaxation 

Reagents". 	They are complexes of lanthanides with relatively 

long electron spin relaxation times such as 4f7  ions GdIII 

EuII). 	The effects of relaxation reagents Avi  are given 

by 

The intramolecular broadening ratio with a given lanthanide 

complex is given as, 

AV-1-
.; 	1 	6 

, 2 	1/r.6  
Dv Av 	1,  

< 1/r, J,I 

(50) 

 

This expression, together with the experimentally determined 

broadening data can be used to establish a solution conformation 

with the aid of computer techniques. 	The long electron 

spin relaxation time and highly isotropic magnetic moment 

of GdIII  makes it the ideal lanthanide relaxation reagent. 

The magnetic isotropy of the GdIII complexes leads to 

broadening without observable shifts. 	The general method is 

to apply a shift reagent Eu(FOD)3  first to resolve the spectrum, 

and then addition of GdIII Gd(FOD)3 to determine signal 

broadening data. 	This approach makes it possible to obtain 

line broadening data for molecules with complex NMR spectra. 

An important feature of this technique is that 
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it may provide an experimental test for the geometric factor 

[(3Cos20-1 3]dependence of the observed isotropic shift in 

lanthanide complexes. A simultaneous fit to both shift and 

line broadening data would significantly increase the 

confidence level of any structure determination. Analysis of 

line width data may also be to advantage in situations where 

. 3Cos2  0-1-0, or in 13C NMR spectra with noticeable contact 

shifts. 

The effects on the line broadening of reagent 

concentration, resonance frequency, and temperature of 

different lanthanide shift reagents in proton NMR have been 

investigated by Lenkinski and Reuben
(191) 	They found that 

a term containing the modulation by chemical exchange of the 

chemical shift difference between the complexed and free 

substrate makes a significant contribution to the observed line 

broadening. The analysis of their results yields the relaxation 

rates of the protons in the coordinated state and their mean 

residence time as well as the electron spin relaxation time of 

the central lanthanide ion. 
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4.4.1 	SELECTION OF LSR 

In selecting a shift reagent for a particular problem, 

the relative shift, broadening, position of ligand resonances 

and direction of induced shifts may be important. 

Different series of LSR complexes have been widely 

examined as shift reagents, and complexes of dysprosium (III), 

terbium (III) and holmium (III) give the largest isotropic 

shifts in proton and carbon spectra. 	Europium III and 

praseodymium III complexes cause smaller shifts,'Figs. (8) and 

(14). 	Since larger shifts are usually associated with broader 

lines, complexes of Eu(III) and Pr
III are more useful where 

fine structure is involved. 

As discussed on nage (54), the contact shifts are exper- 

ienced more by nuclei other than the proton. 	Therefore complexes 

with small contact contribution should be used, especially where 

only dipolar shifts are required for structural determination. 

The smallest contact contribution arises from YbIII complexes, 

hence they are very suitable shift reagents for obtaining 

structural information about the substrate from the induced 

dipolar shifts in the NMR spectrum. 	Yb
III induced 

13C shifts 

are found to be more accurate than IH shifts and free from 

contact contribution within experimental error 
(192) 

 

Ln(DPM)3  complexes, due to the more bulky t-Sutyl group, 

are known to form a 1:1 complex with strong donar substrates. 

But for weak basic substrate and overlapping spectra, high 

concentrations of shift reagent are needed. 	Ln(FOD)3  complexes 

are stronger Lewis acids and better soluble in organic solvents, 

thus they should be selected for weak substrates. 



-79- 

Gadolinium (III) is a very suitable relaxation 

reagent, producing lines with an r
-6  width dependence and 

negligible shifts. The structural information obtained from 

relaxation data is often more reliable than from shift 

measurements since the interpretation of the line width is 

based on firmer theoretical grounds. It is best to use 

the two types of measurement to complement each other where 

it is possible. In this case, complexes which produce 

line broadening as well as isotropic shifts are suitable. 

The synthesis of lanthanide shift reagent complexes 

has been described for all the lanthanide metal ions and most:  

(193-194) 
of them are available commercially

.  



AMIDES 



• 0 	 zH (A) 

C- N 

(X) H 
	

NH (B)  
Fig. 17 

Many studies on high resolution proton magnetic 

resonance spectra of N substituted amides have been made 

(195-200). 

Results from NMR and other techniques provide 

conclusive evidence for slow (restricted) rotation about 

the C-N bond, with the barrier being of the order of 

20 K Cal/mol. This is due to partial double-bond character 

derived from the structure(201)• 	Amides are generally 

regarded as being approximately planar and the two sites 

marked A and B in non-equivalent environments are not 

averaged, and they usually give separate resonances 

0 6 _6+  / 

/ NR Fig. 16 

The broad signal arising from the (NH2) group of form-

amide is observed at ordinary temperatures because of the short 

C 	N 

relaxation time of the 14N nucleus, arising from its electric 

quadruple moment, which removes the 14N-1H spin spin coupling and 

broadens the line. 	The proton NMR spectra of formamide has 
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been measured by Piette, Ray and Ogg, using the double- 
(202) 

irradiation technique to decouple the nitrogen nucleus 

The spectrum has been recorded by Sunner and Schneider(203) 

eliminating the quadruple broadening of the signals by 

substitution of the isotropic nucleus 15N, and spin-coupling 

constants in H (x)CONH2(AB) have been found to be 2.1Hz for 

JBx  and 12.9 Hz for JAx. 

Tha 1H Spectrum of acetamide has been recorded 

by Akigama and Yamauchi
(204) 

At ordinary temperature they 

obtained a single peak assigned to the methyl protons which 

indicated that there is no spin-spin coupling between the 

methyl protons and the amide proton, or else it is very small 

(<0.3 Hz). 

1 1H spectra of NN dimethyl acetamide show a doublet 

for the -N-(CH3)2 group.It has been proved by Phillips (105) 

that this doublet is due to the chemical shift difference 

between the resonances of the methyl groups at A and B, and 

becomes apparent when the rate of rotation around the C-N bond 

,C H3 (A) 

Fig. 18 
( X) RV 	\C.,' u  ( B) 

 

is very slow on the NMR time scale (ie the mean lifetime of 

a methyl group at one or the other of the sites is sufficiently 

long). 

Gutousky and Holm (206) developed a method for 

obtaining the mean lifetime 2r of a methyl group at each of the 



Bond 	I Distance 

C-H 1.09 

N-H 1.00 

N-CH3 1.47 

N-CO 1.32 

.C=0 1.24 

C-C 1.53 
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sites, from the line shapes of the N(CH3)2  chemically shifted 

doublet(207). 	Yan and Nomany(208) have suggested the ground 

state geometry to be that in which the NCO fragment and all 

the atoms directly bonded to it lie in a plane. 	The 

transition state for rotation about the CO-N bond has been 

assumed to be that one in which the -COR fragment has been 

twisted out of this plane by 90°, and the bond distances 

in Table 7 were assumed. 

TABLE 7 Bond distances used in the extended 

Huckel calculations (in R) 

Four angles were varied around the N-C(0) bond to obtain 

an energy minimum for both initial and transition states. 

Tables 8 and 9 and their calculated values for barrier to 

internal rotation are tabled. 



\ 	c 
C a  a 

412. 

451  
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c
v.)
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13 	60 	60 	58 	60 	56 	60 

	

V 	-60 	-60 	-58 	-60 	-61 	-60 
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1 	
. • • 	• • • 	60 	60 	0 	60 

	

4)2 	
• • • 	• • • 	60 	60 	60 	60 

	

11-fl 	• • • 	• • • 	• • • 	• • • 	0 	60 

	

2. 	• • • 	• • • 	• • • 	• • • 	• • • 	• • • 

r—DMP DMP iv ---■ 

0 90 0 90 0 90 

126 123 126 125 126 121 

55 60 56 60 51 60 

-60 -60 -59 -60 -63 -60 

-116 -117 -117 -117 -116 -116 

0 60 60 60 0 .60 

60 60 0 60 60 60 

0 0 60 60 0 0 ' 

0 0 0 0 0 0 

Formamide 	r----DMF 	DMA 

TABLE 8 	Bond Angles as obtained from Extended Huckel calculation. 



Parameter Formamide DMF DMA DMP DMiBu DMPiv 
set 

A 	15.57 21.13 14.61 14.55 13.36 6.68 

B 	20.66 26.45 18.93 18.63 17.94 11.92 
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TABLE 9 	The barrier to internal rotation in amides 

as calculated with an extended Huckel Programa  

a Energy in kcal/mol 

The rather large energy barrier to internal rotation 

about the central C-N bond of amides appear to be the result 

of some partial double bond character, arising in the valence 

bond description as a result of the contributing cononical 

forms I and II. 

• 0 ° 	CH3 (A) 	:0• CH3 

C N 
../ 	 • 

C N 

R
/ 	\cH3 (B) 	R 	N

cH3 

I 	 II 

Fig. 19 
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The more polar form II should be more stable in 

polar solvents, and that is the reason for solvent and 

concentration effects (self association) observed for chemical 

shift in amides, when solutions are studied. 	Rogers and 

Woodbrey(209) obtained the dependence of Ea on concentration 

in different solvents (Fig. 20). In order to account for 

chemical shift changes, the effects of bulk diamagnetic 

susceptibility, reaction field of solvent, self-associations 

and solvent association have to be considered(210,211) 

K
C
AL
.
/M
O
L
E
.
  

(a) In CH
2
Br

2 

(b) In Cci4 

20 40 60 80 100 
MOLE %AMIDE 

Fig. 20 
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Rogers and Narasimham
(212) in their calculation of the 

principal susceptibility of the C = 0 bond from the internal 

chemical shifts of formamide and dimethylformamide (DMF) 

have suggested that the principal susceptibility of the 

C = 0 bond in the plane of the molecule becomes paramagnetic 

as the induced dipole in the C = 0 bond is shifted towards 

the oxygen atom, making Ad = 
(aA 0B) positive (dA  and aB 

refer to the net shielding of protons A and B respectively). 

From their study the highfield peak is assigned to proton 

A. They have calculated the internal chemical shift difference 

between the A and B protons in formamide and acetamide 

from equation 

aA 	= 	f  (2Ax1  - AX2  - AX1  3Cos2 %A)  
31,0  R3 oA 

(1-3Co-s2 0HA)- 	(2Ax - AX2  - Ax1  3Cos
2 

eoB) 

R3 R3 HA 	 oB 

Xc_H 
(1-3Cos2 HB) 

103 
-HB 

(51) 

The subscripts A and B refer to the nuclei, and subscripts 

0 and H refer to the location of the point dipoles of the 

C = 0 and C - H bonds. 
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The molecule is taken to be in the zy plane (z axis along 

C=0 bond). 

XXX Xyy and X zz  are the principal magnetic 

susceptibilities of the C=0 bond. 

11X1 = Xzz = XYY 

tX2 = Xzz XXX 

R is the radius vector between the origin of the cartesian 

coordinates and the nucleus, e is the angle between the z-

axis and R, and Lo  is the Avogadro number. 

They also calculated the principal susceptibility 

of the C=0 bond in formamide, dimethylacetamide (DMA) and 

acetamide. Coupling between methyl protons of DMA has been 

measured by Young(213) and Kowolewski(214) 

o 

CH3 

 

3 
CH3 

N 

CH3 

2 

 

Fig. 21 

J1-2 	0 

J1-3 = 0<1 

J2-3 	0 
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5.2.1 	ASSIGNMENT OF THE .NMR SPECTRUM  

A comparison of the natural line widths of the two 

peaks obtained in the IH NMR spectrum of dimethyl formamide 

—N /'CH3 

3 

shows that the high field peak is coupled more strongly to 

the aldehydic proton than that at lower field. A similar 

effect is observed in DMA and(DMP)dimethylpropionamide. 

These are examples of the rare H-H coupling through five 

bonds. 	In these amides trans coupling presumably exceeds 

the Cis coupling as in the case of ethylenic type fragments. 

Here the interpretation requires that the N-Me at high field 

is Cis to oxygen, according to the suggestion of Rogers. 

This is a reasonable assumption in view of the high magnetic 

anisotropy of the C=0 bond and high electron density 

surrounding the oxygen atom. 

In a review by Siddal(215),  there is a large variety 

of amides for which the same assignments have been obtained. 

M. Frucht(216) and F.A.L. Anet
(217) made an assign-

ment, based on NOE measurements, for dimethylacetamide and 

diethylacetamide. 
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5.2.2 ASIS STUDY 

More interesting results come from work by Graham 

and Miller (218).  They have measured the Aromatic Solvent 

Induced-Shifts (ASIS) and have been able to assign CH3  and 

CH2 peaks in dimethylacetamide, diethyl and di-iso-propylamides. 

Tables (8) , (9) and Fig. (16) , 

R— Co 	[ CH (CH3) 2  ]where 2   

R = H, Me, Et, Pr or CF3  

It has been suggested that the benzene molecule 

associates with the amide to form a complex, in which the 

Tr electron cloud of the benzene ring interacts with the partial 

positive charge on the nitrogen and moves as far as possible 

from the negative charge on oxygen(219) Engler and Laszlo(220) 

suggested association of aromatic solvent with polar solutes 

as a clustering of solvent molecules and a time averaged 

cluster of solvent molecules is a more convenient model for 

this association (221).  Laplanche and Rogers(222) have found 

that the methyl group of an amide trans to the carbonyl- 

oxygen show a larger upfield shift on dilution with benzene 

than the methyl group Cis to the carbonyl oxygen. 

In pyridine, in contrast to benzene, dilution of 

the compound causes downfield shifts of both the acetyl 

	

resonance and the Cis N-methyl signal. 	The remaining trans 
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N-methyl signal experiences a small upfield shift. 	It has 

been suggested(223) that in the pyridine-amide complex, the 

pyridine is oriented approximately perpendicular with respect 

to the average plane of the amide group. 

Association with the aromatic solvent is manifested 

as induced chemical shift of the substrate, which is known as 

as "ASIS". 	As has been explained by Engler, for a given 

solvent ASIS is directly proportional to a site factor, 

which is(224) 

(3Cos20-1) 
/r3 

	 (52) 

The site factor represents the position of a proton 

in the polar molecule relative to the solvated polar site, 

r,is the radius vector from a point dipole within the site 

to the proton in the question. 	The point within the site, 

from which r is measured, was chosen to be the oxygen atom 

in amides. 

0 is the angle which r makes with the polar bond. 

For the amide bond as the polar site, the axis was chosen 

along the straight line from the carbonyl oxygen to the trans 

methyl carbon atom, which is almost parallel to the experi-

mental electric dipole moment axis of formamide(225) 
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5.2..3 PREFERRED CONFORMATION 

The results on benzene dilution of amides in CC1 4 

showed that in all of the dimethylamides and diisopropyl-

formamide, the B (trans to oxygen) $ methyl proton peak is 

located to lower field in CC14 solution and crosses over 

the A (Cis) methyl peak as benzene is added. 	This crossing 

over does not occur for other di-isopropylamides indicated 

that the A methyl protons resonate at lower field. 	Tables 

10,11 and 12 and Figs. (22) and (23) show their peak assign-

ment and suggested preferred conformation for these amides 

from induced shifts by benzene. 

Symbol used R Observed 
group CC14 Benzene ASIS 

DEF H NCH2  (A) 3.35 3.12 0.23 

NCH2  (B) 3.35 2.53 0.82 

NCCH3  (A) 1.11 0.85 0.26 

NCCH3  (B) 1.21 0.58 0.63 

DEA CH
3 

NCH
2
(A) 3.28 3.23 0.05 

NCH2  (B) 3.28 2.68 0.60 

NCCH3  (A) 1.06 0.98 0.08 

NCCH3  (B) 1.18 0.67 0.51 

CH
3
CO 1.97 1.78 0.19 

. DEP CH
3

CH
2 

NCH
2
(A) 3.35 3.25 0.10 

NCH2  (B) 3.35 2.71 0.64 

NCCH3  (A) 1.08 0.98 0.10 

NCCH3  (B) 1.20 0.68 0.52 

CH
2
CO 2.28 1.98 0.30 

CH3CCO 1.08 1.16 -0.08 

TABLE 10 	Chemical shifts in diethylamides, 

RCON(CH2CH
3
)2 at 0°C 



-92- 

Symbol 
used 

R  Observed 
group CC1 4 Benzene ASIS 

DIPF H NCR(A) 3.98 3.68 0.30 
NCHCB1 3.68 2.92 0.76 
NCCCH31 2 (A) 1.27 1.10 0.17 
NCCCH31 2 (B) 1.29 0.70 0.59 

DTPA CH3 NCH(A) 3.37 3.12 0.25 
NCH (B1 3.90 3.40 0.50 
NC (CH3 ) 2  (A) 1.31 1.45 -0.14 
NC (CH3 ) 2  (B) 1.20 0.75 0.45 
CH3CO 1.97 1.80 0.17 

DIPP CH3CH2 NCH(A) 3.43 3.05 0.38 
NCH(B) 4.06 3.45 0.61 
NC (C113 ) 2  (A) 1.32 1.45 -0.13 
NC (CH3 ) 2  (B) 1.21 0.75 0.46 
CH2CO 2.23 1.94 0.29 
CH3CCO 1.03 1.12 -0.09 

DIPB CH3CH2CH2  NCH(A) 3.32 3.10 0.22 
NCH (B) 3.97 3.57 0.40 
NC (CH3) 2  (A) 1.33 1.43 -0.10 
NC (CH3 ) 2  (B) 1.18 0.83 0.35 
CH3CCCO 0.93 0.90 0.03 

TABLE 11 	Chemical shifts in diisopropylamides, 
['ICON CH(CH3 ) 2 ] 2  at 0oC 

R 

  

0 

  

Fig. 22 



TABLE 12 	Chemical shift in N,N-Disubstuted Trifluoroacetamides at 30 C 

N-a-Methyl N-a-Mthylene N-a-Methine N-0-Methyl 

Amide CC14 C6116 ASIS CC14 C6H6 ASIS CC14 C6H6 ASIS CC14 C6H6 ASIS 

(1) N,K-Dimethyl 

A 3.03 2.50 0.53 
B 3.15 2.43 0.72 

(2) N,N-Diethyl 

A 3.42 2.97 0.45 1.18 0.80 0.38 
B 3.42 2.85 0.57 1.25 0.67 0.58 

(3)N-Methyl-N-2-Propyl 

A 2.85 2.37 0.48 4.69 4.48 0.21 1.18 0.65 0.53 
B 2.94 2.32 0.62 4.24 3.83 0.41 1.12 0.68 0.58 

(4)N-Methyl-N-butyl 

A 2.98 2.47 0.51 3.40 2.98 0.42 
B 3.10 2.40 0.70 3.40 2.87 0.53 

(5)N-methyl-N-cyclohexyl 

A 2.87 2.50 0.37 4.18 4.23 -0.05 
B 2.95 2.47 0.48 3.67 3.57 0.10 

(6)N,N-Di-2-Propyl 

A 3.52 3.02 0.50 1.42 1.25 0.17 
B 4.17 3.90 0.27 1.27 0.77 0.50 

(7)N-2-Propyl-N-cycloheX 1 
A 
B 2-Pr {

3.57 
4.17 

3.09 
3.97 

0.48 
0.20 

1.38 
1.23 

1.30 
0.82 

0.08 
0.41 

A 
B 

NeHlt;
.57 
.57 

3.55 
3.55 

0.02 
0.02 
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C113 CH3  

(B) 

( A) 

Fig. 23 

Relatively small chemical shift (Aa) differences were 

found for R = Et, which may be explained as follows: the 

ethyl groups do not prefer conformations, where one of the 

methylene protons is situated in the amide plane towards the 

oxygen atom(226) 

R 

C 

0 

 

Et 

N
Z 

,CH3  
C-' 

 

Fig. 24 

in Fig. (24), but prefer conformation, such as that in 

Fig. (25) where the methyl groups are placed on the amide 

plane and methylene protons are arranged symmetrically around 

this plane. 
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Fig. 25 

This explanation is well supported by steric arguments, 

and is an especially preferred conformation. 

An inversion of the relative chemical shift was found 

between the iso-propyl protons of diisopropyl formamide and 

those of other diisopropyl amides(227) This has been 

associated with changes in the preferred orientation of the 

isopropyl groups from 1 to 2 below 

( 1) 
Fig. 26 
	( 2) 

due to the more bulky group R compared with proton. 



( A ) 
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The conformation and chemical shifts (PPM) relative 

to TMS for isopropyl groups in some amide systems, were found 

as shown in Table 1.3 and Fig. (27). 

CH (CH3)2  

R 
A B A B 

CH3 3.52 3.93 1.38 1.23 

CF3 3.44 4.10 1.39 1.22 

CCL3 3.50 4.70 1.40 1.25 

TABLE 13 	Chemical shift in PPM from TMS for 

R-CO-N(IPr)2  with CC14  as solvent 

Me
t 

( E3) 

Fig. 27 
	

Symbols H2  or Me2  indicate the two 

groups to be symmetrically arranged 

around the XCNC plane 
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The effect on chemical shifts on going down from 

R = CH3  to R = CF3  and R = CC13  suggests that the CF3  group 

does not greatly- change either steric interactions within 

the amide or the total magnetic anisotropy. 

Since the .-CF3' -CC13 and -CH3 groups differ greatly 

in ability to withdraw electrons, in ability to participate 

in hyperconjugation, and in size it does not appear that these 

factors influence the chemical shift strongly. The chemical 

shifts for CC13-00-N(i-Pr)2  show a very low field chemical 

shift for the B (trans) methine proton (4.70 PPM) which can 

be explained as the effect of attractive forces between the 

CC1 dipole (s) and the C-H dipole(229). 	Such a conformation 

is similar to that of the minor isomer of NN-diisopropyl 

thionacetamide obtained by freezing out the rotation around 

the isopropyl-nitrogen bond at -20°  by Siddal and_Stewart. 

The correct conformation were suggested by Roussell 

231) as Fig. (22) (230, 	• 	(a) minor isomer 
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Fig. 28 

 

(b) major isomer 

two rotational isomers of iPr.TA at -20°C with a ratio of 

the (a) and (b) isomers 1:3 
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This fact may be explained by the more bulky nature 

of the sulphur compared with oxygen, which makes the 

preferred conformation that in which the methine proton is 

towards the sulphur atom and methyl groups away from the 

sulphur atom. 



111 AND 13C SIGNAL  ASSIGNMENT 

! 
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6.1 	In the reported experiments different NN-dialkylamides 

were studies which can be presented as two related sets. 

I. N,N'-dialkylacetamide and 

II. N,N'-dimethylamides 

(k‘ 	/ R2 

C 	N 

R1 	 R3  3 

Compound 
NO. R2 R3 

1 CH3 CH3 CH3 

2 CH3 CH2-CH3 CH2-CH3 

3 CF3 2-Propyl 2-Propyl 

4 CC13 2-Propyl 2-Propyl 

5 CF3 S-Butyl 2-Butyl 

6 CC13 S-Butyl S-Butyl 

7 CHC12 S-Butyl S-Butyl 

8 CH2C1 S-Butyl S-Butyl 

9 CH3 S-Butyi S-Butyi 

10 H S-Butyi S-Butyl 

11 CH3 C5H9 CH2-CH(CH3)2 

12 CH3 2-Propyl Cyclohexyl 

TABLE 14 	N,N-dialkylacetamides(I). 
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/CH3 

R-CO-N 

CH3 

Compound 
	

R-00 
NO. 

1 	CH3-00 

2 	—4—00 

3 	 CO 

4 	 CO 

5 	—}—CO 

6 	.CO 

7 
CH2--CH2 
I 	I 
CH2 

/
CO 

N
N 

 

tH3 

TABLE 15 N,N-d imethylamides (II) 

All the substrates used were obtained from Wilkinson 

' Sword (Research) Ltd. and no further purification was made. 
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6.1.2 SAMPLE PREPARATION 

Separate samples were made up in 10mm NMR tubes using 

CDC13 
+ TMS, serving as a reference deuterium lock and internal 

standard. 	1H and 13C spectra of these samples were recorded 

on a Varian Associates XL-100 spectrometer. 	For compounds 

having first order spectra decoupling experiments were per- 

formed on this sample. 	In the case of compounds with 

complicated spectra, or overlapping signals, assignment was 

confirmed on a sample containing enough Eu(FOD)3  to obtain 

a well resolved spectrum. 

Eu(FOD)3  was used,as Yb(FOD)3  exhibited a great line 

broadening effect on the IH spectrum. As concluded previously, 

the former reagent is believed to be favoured in spectra 

simplification. 

6.1.3 RECORDING OF THE SPECTRUM 

1H NMR spectra-were recorded on a Varian XL-100 

NMR spectrometer operating in the internal deuterium lock 

mode at 100 MHz. 	Decoupling experiments were carried out 

with the aid of a frequency counter, using the Gyrocode 

Homo decoupler system. 

13C spectrum were also recorded on the XL-100 

spectrometer in the Fourier transform mode at 25.16 MHz 

using an internal deuterium lock in conjunction with broad 

bond proton decoupling. 	Fourier transformation was performed 

using a Varian 620L computer with 16K memory. 
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6.1.4 DOUBLE RESONANCE 

Assignment of the proton signals was made from a 

consideration of the observed splitting patterns combined with 

integration and extensive double resonance experiments. 	In 

this way two separate sets of related proton signals due to 

the N-alkyl group being either cis or trans relative to C = 0 

oxygen were achieved. 

Resonances due to each group of carbons were assigned 

for all compounds by use of the procedure of Grant and Paul(232) 

using appropriate parameters for selected alkanes (Lindeman 

and Adams
(233)

), and by use of the off-resonance decoupling 

technique and comparing shifts of closely related compounds. 

6.1.5 	SELECTED 1H DECOUPLING OF THE 13C SPECTRUM 

Assignment of the particular carbon was confirmed 

by using hetero decoupling irradiation of the directly attached 

proton(s) on 13C spectra, the so-called "Selective Single 

Proton Decoupling" technique. 

Selective 1H decoupling of the 13C spectrum made it 

possible to determine all corresponding proton and carbon 

resonances of the substrate. 	By irradiation of one known 

proton signal, the directly attached carbon is observed as 

a single line in the 13C spectrum while the rest of the carbons 

in the system show C-H coupling. 
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RESULTS AND DISCUSSION 

6.2 	DIMETHYLACETAMIDE D.M.A. 

Slow rotation about the C-N bond of dimethylacetamide 

(DMA) at room temperature gives rise to separate lines for 

the methyl groups which are cis and trans with respect to 

the acetyl oxygen. 	The 1H spectrum of DMA shows three peaks. 

Two at 2.99 and 2.90 PPM from TMS, correspond to the N-Me 

groups and one at 2.05 PPM correspond to the acetyl methyl 

protons. According to Rogers and Young, the high field 

methyl signal arises from the group which is cis to oxygen. 

The carbon NMR spectra of this compound also shows three 

methyl resonances at 37.795, 34.889 and 21.304 PPM from TMS. 

Selective proton decoupling of 1H from the 13C NMR 

spectrum of DMA in CDC13  was difficult as the two N-Me proton 

signals were too close together. 	Addition of some Eu(FOD)3 
1 

was useful ( 	0.05 mole ratio Eu(FOD)3/DMA) giving H 

signals at 3.59 for the methyl cis to oxygen, 3.32 for the 

trans methyl and 2.83 for the acetyl methyl protons. 	The 

13C lines were shifted to 38.078, 35.776 and 22.783 PPM 

(from TMS). 	Irradiation of the proton resonance at 3.59  

(cis N-Me) affected the carbon line at 35.776 PPM. 

Irradiation of the line at 332 Hz from TMS affected the 
13C 

resonance at 38.078, showing it to be trans N-Me. 	Comparison 

of these assignments with free DMA Eu(F0D)3  = 0 showed 
0 

the C-- Me carbon to be the highest field resonance at 
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21.304 PPM and the cis N-Me carbon to be at higher field. 

(34.889) than the trans N-Me carbon (37.795). 	The results 

of this experiment are tabled (Table 16). 	The 13C resonance 

of the cis N-Me group is at high field of that which is trans, 

and the 2.9 PPM chemical shift difference (6trans 
- (5cis) 

for DMA in CC14 is as previously reported
(134),  and it has 

been concluded that the principal contribution to the 
13C 

chemical shift difference between the N-Me groups in amides 

arises from an intramolecular electric field
(234) 	We shall 

see later that this assignment agrees well with the proton 

and carbon lanthanide induced chemical shifts (LIS). 	As 

expected, the larger shift is obtained for the cis N-Me group. 
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TABLE 16 Relative 'H and 13C chemical shifts of N,N-dimethyl- -  

acetamide(DNA) in CDC13, result of signal assignment. 

R 5 111 5 6 13C a 13C 

a +SR +SR a 

N-CH3 
A 2.90 3.59 35.776 34.889 
B 2.99 3.32 38.078 37.795 

C-CH3 2.05 2.83 22.783 21.304 

6 = chemical shift in PPM. 

a = 6 in absence of shift reagent. 

b =6 in presence of shift reagent, Eu(F0D)3 Y=0.04 . 
A and B refer to the CH3 groups located cis and trans to the actyl 
oxygen atom respetively. 

0 	
/

CH
' 

VC N\  
CH3 	CH3 

DMA 
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6.3 DIETHYLACETAMIDE, DEA 

The 1H spectra of DEA in CCL4  showed two triplets 

at 1.149 and 1.049 PPM (from TMS) for the methyl groups 

of N-C2H5 in the cis or trans site, and two overlapping 

quarters at 3.2955 PPM for the N-CH2 protons. 	The acetyl 

methyl protons gave a signal at 1.945 PPM. 	The high 

field triplet was shifted more by adding LSR than the low 

field triplet. 	Using CDC13  as a solvent, removed the 

overlapping of the methylene protons. Assignments of 

the particular carbon or group of protons were made on 

the spectrum of the solution of DEA in CDC13, after 

addition of enough Eu(FOD)3  to achieve well separated 

1H spectra. 

The proton peaks were assigned in two sets, as 

cis and trans N-Et, by relating CH3  and CH2  resonances 

by double resonance. 

DOUBLE RESONANCE ON PROTON AND CARBON 

The high field methyl (triplet at 1.10) was 

observed as a singlet by irradiation of the low field 

methylene (3.355). 	The low field methyl (1.17 PPM) 
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was affected by .irradiation of the high field methylene 

resonance (3.285). 

The former set of CH2  - CH3  resonances were more 

greatly shifted by Ln(FOD)3, showing them to be those of 

the cis N-Et group. 

The lines of the carbon spectrum were related to 

those of the 1H spectrum by selected heteronuclear double 

irradiation as described previously. 

The proton and corresponding carbon chemical 

shifts, are summarised in Table 17. 	Table 17 shows the 

high field methylene (40.06 PPM) and methyl carbons 

(13.196 PPM) components could be characterised as the 

cis N-Ca and N-CC carbons. 	All the various N-substituted 

amides, which have been studied, can be assumed to have 

a similar structure for the amide fragment. 	Further 

substitution on N-Ca or N-CCS  should not produce signi-

ficant change in the carbon chemical shift difference 

between cis and trans N-Ca. 	However, this is not true 

for the proton chemical shift, possibly because of the 

preferred orientation of the protons in a time averaged 
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TABLE 17 Relative 	and 13C chemical shifts of N,N-diethyl- 

acetamide 

 

 ( DEA ) in CDC13 . 

R 6 1H 6 1H 0 
c- 	13C 6 13C 

a +SR b +SR a 

N-CH2 

A 3.355 5.03 42.086 40.06 

B 3.285 4.18 43.551 42.651 

N-CCH3 

A 1.10 2.12 14.284 13.196 

B 1.17 	. 1.75 14.996 14.27 

6 = chemical shift in PPM from TMS. 

a = (5 in absence of shift reagent. 
b = 6 in presence of shift reagent, Eu(F0D)3 f7 = 0.25 . 

0 	 CH—CH 2 	3 

C 	N 

CH3 	 CH-2 C H
3 

DEA 
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basis with respect to the high electron density around the C = 0 

bond. 

Compound (2) DEA showed the same proton chemical shift 

for cis and trans methylene protons at 3.295 in CC14. 

Using CDC13  as a solvent caused the cis CH2  protons to resonate 

at lower field than those of the trans methylene group by 

0.07 PPM. 	This is surprising, because in DMA the analogous 

methyl group resonates to high field of the trans group, by 

0.15 PPM. 	The cis CH2 protons are therefore relatively 

deshielded. 	A possible explanation of this behaviour could 

be that the protons spend some time in regions where the 

anisotropic shielding is positive, causing a negative 

average-shielding (deshielding) less than expected compared 

with DMA. 

As we shall see later, these two explanations are 

supported by our LIS results. 	First, as might have been expected, 

the ratio of the influence of Eu(FOD)3  upon the a carbons (R) at cis 

and trans sites were found to be similar for all compounds which 

have been studied. 	The a carbon is directly attached to 

nitrogen, the 13 is the next carbon removed and so on. 

LIS for trans N-Co(  
R 	LIS for cis N-00( 

	0.6 

where A is the ratio of the induced shift. 



Secondly', the most probable conformation for the N,N-

diethyl fragment, which has been obtained from the shift 

reagent study (the value of the LIS and computer calculation) 

shows that the cis CH2 protons are located as shown in Fig. 

29, where the methyl group is perpendicular to the amide 

plane. 

H kH 	 H H 

	

\\ ie 	H♦  \\Cir 	 „,„C 
C 
. H H 	 ..-' 

C 	 N 	 . 

././ 	

N /11 

0 	 C 	H 
. •-■„iiiii...  / . 

H' 	 C 	H 
/ 

H 
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Fig. 30 	25.1 NHz 
13
C spectra and 100 MHz 

1
H spectra of diethylacetamide 

in CDC13 withr,-/0.25 mole proportion of Eu(F0D)3 used for signal assignment. 
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6.4 	DI-ISO-PROPYLACETAMIDE.  

After studying diethylacetamide, it was decided to 

examine the di-iso-propyl case, and N,N di-iso-prouyltrifluoro-

acetamide and di-isopropyltrichloroacetamide were studied. 

6.4.1 
	

CF3 - CO N N. 

The proton spectra of this compound in CC14, CDC13  

and C2H2C14 were recorded. 	Two doublets and two complex 

patterns were obtained for the methyl and CH protons respect- 

ively, showing slow rotation about C-N bond. 	The coalescence 

temperatures were found to be 80°C for the CH3 and 140°C for 

the methine proton resonances, in C2H2C14. 

6.4.2 	DOUBLE RESONANCE EXPERIMENT 

The proton spectral assignment was confirmed on the 

spectrum of the substrate in CDC13, in the absence of Eu(FOD)3, 

by decoupling experiments. 

Irradiation of the low field methine nroton at 4.13  

PPM gave a singlet for the high field methyl group at 1.24. 

The low field methyl doublet at 1.42 was observed as a singlet 

upon irradiation of the high field methine resonance at 

3.50 PPM. 

Addition of Eu(FOD)3  in aliquots produced larger LIS 

for the low field proton resonances of both the CH and CH3 
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groups. Comparison of LIS data with proton spin decoupling 

indicates that the more shifted CH is related to the less 

shifted methyl group. 	This does not permit a certain identi- 

fication of the resonances as being due to a specific site 

of the alkyl group (with respect to the acetyl oxygen). 

This assignment was made with the aid of single proton 

decoupling of the 13C spectrum assuming a fixed carbon 

skeleton for the planar fragment of these amides. We can 

expect the cis N-Ca  carbon to resonate at higher field than 

the trans, and exhibit larger induced shift by shift 

reagents. 

SELECTIVE PROTON DECOUPLING OF THE 13C SPECTRUM 

13C spectra of compound 3, (CF3CON(isopropyl)2) in 

CDC13, were recorded. 	The methine carbon resonated at 

49.05, 47.206 PPM (from TMS) and methyl carbons at 20.435 

and 19.640 PPM. 	Decoupling of single pi.oton resonances at 

4.13, 3.50 and 1.42 PPM affected carbon resonances at 49.05, 

47.206 and 19.640 respectively. 

The proton chemical shifts and corresponding carbon 

chemical shifts are summarised in Table 18. 	It can be seen 

that the high field methine and low field methyl protons are 

identified as arising from the iso-propyl cis to the oxygen, 

while the cis methine and methyl carbons are observed at 

higher field than those of the trans group. 
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TABLE 18 	Relative chemical shifts of N,N-diiso-Propyltrifluoro- 

acetamide ( DIPA ) in CDC13 	(PPM from TMS). 

R 6 111 6 13C 

N-CH 

A 3.50 47.226 

B 4.13 49.05 

N-CCH3 

A 1.42 19.64 

B 1.24 20.435 

0 	/CH(C H3)2 

C 	N 
,/'' 

C F3 	\C H(CH3) 2 
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He 
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(B) 

TMS 

PPM 

Fig. 31 	25,1 MHz 13C spectra (A) and 100 MHz LH spectra(B) of 

di-isopropyltrifluoroacetamide in CDC13(used for signal assignment). 
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6.4.3. 
CC13 - CO - N Y 

1H and  13C spectra of compound (4) in CDC13 were 

recorded. 	The 1H spectrum was similar to that of compound (3), 

but in the 
13
C spectrum the two methyl peaks were overlapping. 

They were separated by adding Eu(FOD)3. 

A Double Resonance Experiment was carried out on this 

sample, in which irradiation of the low field methine at 

8.84 PPM gave a singlet for the high field methyl at 3.22  

and the lower field doublet at 3.92 PPM was affected by 

irradiation of the high field methine multiplet at 6.58 PPM. 

For this compound also the more shifted methine proton is 

related to the less shifted methyl group 

SELECTIVE PROTON DECOUPLING OF THE 
13C SPECTRUM 

This experiment was carried out on the former sample, 

in which addition of Eu(FOD)3  caused the CH carbons to 

resonate at 53.42 and 52.82 PPM and CH3 carbons at 22.23 and 

21.398 PPM. 	Decoupling of protons at 8.84, 3.92 and 3.22  

affected carbon resonances at 53.42, 22.23 and 21.398 PPM 

respectively. 	The carbon resonances were observed at 

50.829, 19.589 and 19,589 PPM respectively in the absence of 

Eu(FOD)3. 	Results of this experiment are collected in 

Table 19. The carbon results show that the most shifted 

CH carbon are related to the most shifted CH
3 
 as expected, 

=  

and they can be assigiled as corresponding to the cis 

isopropyl group to the oxygen. 
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TABLE 19 Relative chemical shifts of N,N-diiso-Propyltricholoro-

acetamide in CDC13. 

Ill 
a 

6 
+SR b  

6 
13C  

+SR 
6 13 

N-CH 

A 3.52 6.58 52.82 48.196 

B 4.72 8.84 53.42 50.42 

N-CCH3 

A 1.40 3.92 22.23 19.586 

B 1.23 3.22 21.398 19.586 

6 = chemical shift in PPM from TMS. 

a =6in absence of shift reagent. 

b =bin presence of shift reagent, Eu(F0D)3 f 1.07 

0 	/CH(G H3)2 
‘C N 

CCI3 	\CH(CH3) 2 
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6.5 	R-CO-N-(S-Butyl)2. 

An interesting modification of the spectrum of a 

group like S-Butyl arises because it contains an asymmetric 

center. Atoms close to an asymmetric center, such as the 

methylene protons in this case, are rendered slightly 

nonequivalent, and their part of the NMR spectrum then 

approximates to two multiplets, slightly displaced relative 

to each other, and may give rise to confusing patterns. 

In theory, this effect would exist even with completely 

free rotation about the bond separating the CH2  group from 

asymmetric center, but in most cases conformational preference 

is probably the dominant factor. 	Thus, the observed effect 

is very solvent dependent. 

In the case of di (S-But) amides there are two 

diastereoisomeric forms of the compound, which causes two 

separate sets of resonances for each nucleus. 

In both 1H and 13C spectra of these compounds such 

effects were observed, which at first glance causes the 

patterns to seem confusing, as the chemical shift between 

the two diasteroisomers are very small (especially in 
1H 

spectrum). 
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6.5.1. 
CF3 - CO 	N (S-But)2  (5) 

Since the proton NMR spectra of compound 5 in CDC13  

was reasonably complex, we shall be relying heavily on the 

LIS data and computing results in order to assign this 

compound. 

Since the chemical shifts induced by the paramagnetic 

shift reagents for the particular proton (nuclei) in the two 

diasteroisomers are significantly different, addition of the 

Eu(FOD)3  to the solution produce a somewhat better separation 

of the spectrum in order to allow identification of the 

complicated patterns. 

Addition of Eu(FOD)3 shifts the two multiplets at 

3.78 and 3.04 PPM (relative to internal TMS) downfield to 

two multiplets centered at 5.4 and 4.44 PPM respectively, 

each integrated area for one proton, and the complex patterns 

between 1.78 and 1.57 PPM to four sets of signals at 3.80, 

3.45, 2.52 and 2.32 PPM with integrated area of four protons 

altogether. 

DOUBLE RESONANCE EXPERIMENT 

Assignment of the signals was made from a consideration 

of observed splitting patterns combined with double resonance 

experiments on the above-mentioned "spread-out" spectrum. 

A detailed study was made of the influence of the para-

magnetic shift reagent Eu(FOD)3  upon the proton spectra of 
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this compound in order to analyse the patterns of the 

complex spectrum. 

As a result of proton proton decoupling four sets 

of related signals were obtained. 	They should be due to the 

cis and trans S-Butyl groups of the two different isomers. 

In all cases, there was a similar intensity of the two sets of 

resonances, which means that the isomers are present in equal 

proportions. 	This fact makes it impossible to relate 

together the cis and trans resonances of a particular isomer. The 

cis and trans resonances were separately identified by selective 

proton decoupling of the 
13
C spectrum. Taking the assign- 

ment of NN di-iso-nropylamides, and using the fact that in 

these series of compounds the cis N-Ca  carbon resonates at 

higher field and suffers larger induced shift than trans 

Ca, the similar ratio between induced shift of a carbons 

was defined 

ASB fk, 0.6 
ASA  

We obtained two sets of resonances for the cis and another 

two sets for the trans S-Butyl groups, without being able 

to r-late the two sets together. 	We shall see later that 

this was done by computer calculation using LIS. 

Results of this experiment are collected in Table 

20. 



TABLE 20 Relative 1and 13C chemical shifts of di-S-butyltrifluoro-
acetamide. R-C0-N(S-butyl)2 in CDC13 result of signal 

assignment. 

S-butyl 	6 11.1 	6 111 	5 13C 	6 13C 
+SR

b a b 
+SR a 

N-CH 

A 	(1) 
(2) 

B 	(1) 
(2) 

N-CCH2 

A 	(1) 
(2) 

B 	(2)
(1) 	• 

N-CCH3 

1) A (
2) ( 

B 	(1) 
(2)1.19 

N-CCCH3 

A 	(1) 
(2) 

B 	(1) 
(2) 

3.04 

3.78 

1.78 

1.57 

1.345 

1.172 
1.195 

0.85 
0.86 

0.92 

4.39 
4.49 

5.51 
5.33 

3.80 
3.45 

2.32 
2.52 

2.88 
2.84 

2.02 
2.065 

1.33 
1.35 

1.58 
1.60 

56.30 
56.432 

56.784 
56.891 

28.986 
28.783 

28.788 
28.783 

18.929 
19.016 

19.770 
20.085 

12.470 
12.711 

11.812 
11.895 

53.643 
53.891 

55.180 
55.320 

26.744 
26.653 

27.501 
27.501 

16.972 
17.044 

18.497 
18.807 

11.748 
11.946 

11.102 
11.102 

4= chemical shift in PPM. 
a 	6 in.absence of shift reagent. 
b = 6 in presence of shift reagent, Eu(F0D)3 P = 0.45. 
A and B refer to the S- butyl groups located cis and trans to the 
carbonyl oxygen atom respectively. 
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Fig. 32 	25.1 MHz 
13
C spectra(A), and 100 MHz 1H spectra(B) of 

di-S-butyltrifiuoroacetamide in CDC13 withru0.45 mole proportion 

of Eu(F0D)3 	used for signal assignment. 
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6.5.2. 

R - CO - N (S-Butyl)2 
(7) 

' 	
(9) , H(10) 

3 R = CC1 (6) CHC1 CHCl(8) CH , . 2 	2 	I 3  

Similar experiments were carried out for compounds 

6, 7, 8, 9 and 10. 

Samples were first made up in CDC13 and 
1H and 13C 

were recorded, then shift reagent was added and its effect 

on the 1H spectrum was followed. 	As usual, the gradual 

addition of shift reagent was necessary to avoid ambiguities 

resulting from signal crossover. 

Double resonance experiments were carried out on 

the shifted spectra . 	Then single proton decoupling of 

the 13C spectrum were also carried out on the same sample. 

Results of these experiments are summarised in Tables 21 

to 25. 

In all cases 1H  1H decoupling results in four sets 

of resonances (each of four multiplets) in the proton spectrum 

and hetero decoupling, 13C  1H , gives four sets of 

resonances (each of four lines) in the carbon NMR spectrum. 

These results were identified in two related sets as A(cis) 

and B(trans) alkyl groups. 
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TABLE 21 Relative 111 and 13C chemical shifts of di-butyltricholoro-

acetamide R--.00--N(S-buty1)2 in CDC13, result of signal assignment. 

S-butyl 
	

6 
1
H 	6 LH 	6 

13
C 	6 

13
C 

+SR 
a 

+SR 
a 

N-CH 

A 	
(11. 
(2) 

B 	
(1) 
(2) 

N-CCH2 

A 	
(1) 
(2) 

B 	
(1) 
(2) 

N-CCH3 

A 	
(1) 
(2) 

B 	
(1) 
(2) 

N-CCCH3 

A 	
(1) 
(2) 

B 	
(1) 
(2) 

3.12 

4.35 

1.92 

2.0 
1.8 

1.405 

1.245 
1.265 

0.889 

0.962 

4.18 
4.18 

5.80 
5.80 

2.97 
2.97 

2.54 
2.20 

2.215 
2.215 

1.935 
1.935 

1.10 
1.10 

1:41 
1.43 

57.409 
57.090 

57.948 
58.030 

28.426 
28.245 

28.497 
28.497 

18.577 
18.461 

17.765 
17.588 

12.396 
12.243 

11:646 
11.646 

55.198 
54.930 

56.669 
56.669 

26.928 
26.779 

27.425 
27.574 

17.359 
17.206 

16.781 
16.594 

12.073 
11.920 

11.182 

6 = chemical shift in PPM.. 
a = 6 in absence of shift reagent. 
b =6 in presence of shift reagent, Eu(POD)3, )9 = 0.48 
A and B , refer to the S-butyl groups located cis and trans to the 
carbonyl oxygen atom respectively. 
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TABLE 22 Relative 111 and 13C chemical shifts of N,N-di-S-butyl-

acetamides in CDC13, PPM from TNS. 

13C  

N-CH 

A 

B 

N-CCH2 
A 

B 

N-CCH3 
A 

B 

N-CCCH3 

A 

B 

C0-CH3 

3.08 

3.55 

1.80 

1.48 

1.32 

1.18 

0.85 

0.92 

2.00 

52.302 
52.020 

55.945 

27.721 

28.214 
28.134 

17.979 

19.378 
19.130 

12.273 
12.079 

11.777 
11.677 

23.999 
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TABLE 23 Relative 	and and 13C chemical shifts of Oi-di-S-butyl- 

dicholoroacetamide in CDC13, PPM from TMS. 

R 111 13C 

N-CH 

A 

B 

N-CCH2 

A 

B 

N-CCH3 

A 

B 

N-CCCH3 

A 

B 

3.05 

4.07 

1.86 

1.62 

1.33 

1.247 

0.866 

0.981 

53.803 
53.505 

55.546 

27.056 
26.924 

27.918 

17.509 
17.335 

18.246 
17.998 

12.015 
11.837 

11.423 
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13 TABLE 24 Relative C chemical shifts of N,N-di-S-Butylamides 

R-C0-N(S-But)2 in CDC13 , PPM from TMS. 

R CF3 CC13 CHC12 CH2C1 CH3 

N-Ca 

A 

B 

N-C(3 

A 

B 

N-C(3I 

A 

B 

N-CY 

A 

B 

53.643 
53.891 

55.180 
55.320 

26.744 
26.653 

27.501 

16.972 
17.044 

18.497 
18.807 

11.748 
11.946 

11.102 

55.198 
54.930 

56.669 

26.928 
26.779 

27.425 
27.574 

17.359 
17.206 

16.781 
16.594 

12.073 
11.920 

11.182 

53.803 
53.505 

55.546 

27.056 
26.924 

27.918 

17.509 
17.335 

18.246 
17.998 

12.015 
11.837 

11.423 

53.046 
52.722 

56.253 

27.355 
27.180 

27.983 

17.687 
17.522 

19.098 
18.818 

12.160 
11.953 

11.610 

52.302 
52.020 

55.945 

27.721 

28.134 
28.214 

17.979 

19.378 
19.130 

12.273 
12.079 

11.777 
11.677 

50.581 
50.201 

53.083 
53.310 

27.338 
27.172 

29.851 
30.936 

17.865 
17.977 

21.459 
21.314 

11.692 
11.601 

11.547 
11.427 

- n' 
CH3 la 

R CO N-CH 
Ira 
CH2-CH3 
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ABLE 25 	Relative
13C chemical shifts of N,N-di-S-Butylamides - 

average chemical shifts of two isomers ,PPM from TMS. 

R CF3 CC13 CHC12 CH2C1 CH3 

N-Ca 

A 53.767 55.064 53.654 52.884 52.161 50.391 

B 55.250 56.669 55.550 56.253 55.945 53.197 

N -CCP 

A 26.7135 26.854 26.990 27.267 27.721 27.255 

B 27.501 27.500 27.918 27.983 28.174 30.393 

N-CC13 

A 17.008 17.283 17.422 17.605 17.979 17.921 

B 18.652 16.688 18.122 18.958 19.254 21.387 

N-CCCY 

A 11.847 11.997 11.926 12.057 12.176 11.647 

B 11.102 11.182 11.423 11.610 11.727 11.487 

R-00 -N (S-But )2 

CH ( A) 
3 

I 	0 	y 
CH-C H --CH /a 2 3  

	N 
\ 	y 
`CH-CH -C H 2 	3 
101  
C H3 

(B) 
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It may be seen from the calculated effective diameter 

of the various groups in the following table 

R 
	

CH3 CF3 C(CH3) 3  CC13 

effective 
diameter 4.0 5.1 6.2 	6.3 

Ao 

TABLE 26 Effective diameter of various group 

from reference 235 

that the CF3  and CC13  are significantly larger than the CH3  

group. 	In addition, CF3 and CC13 have large inductive 

effects compared with CH3. When an amide acetyl group is 

replaced by a trifluoro or trichloro acetyl group, a signi-

ficant change in steric interactions and chemical shift can 

be expected. 	The similarity of behaviour observed in 

compound 6-10 with small changes in chemical shifts suggests 

that the CF3 and CC13 group do not greatly change either 

steric interactions within the amide, or the total magnetic 

anisotropy. 	Comparison of the results show that for all 

dialkyl amides except compound 6 (R = CC13) the Ca  and Ca  

carbons located cis to oxygen resonate at higher field than 

the corresponding trans carbons, but the C1  carbon (cis) 

resonates at lower field than the trans one. 

In the case of compound 6 (R = CC13) Ca'carbon at 

site A also resonates at lower field than Ca,  at site B. 

This may be a result of the steric interaction. 
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6.6 	R - CO - N 

Compound 11 

The proton spectrum of this compound in CD2C12  was 

recorded on the XL-100 spectrometer. 	The spectrum showed 

the presence of both C-N bond conformational isomers, present 

in equal proportions. 

Two sharp singlets at 2.05 and 2.01 PPM, which coalesce 

to one singlet at + 80°C, were assigned as the CO-CH3  group 

in the two different isomers. 	The two doublets at 1.20 and 

1.265 PPM also gave one doublet at + 80°C. 	They were assigned 

as the CH-CH3  group of the two isomers. The N-CH proton 

exhibited two multiplets at 3.30 and 3.19 PPM. 	Two doublets 

were obtained at 2.962 and 2.935 PPM for the H-CH2  group. = 

Proton proton decoupling results in two sets of related 

resonances for each group (Table 27(A)). 

Since the chemical shift differences of the two 

isomers are too small, and they exhibit equal intensity it 

is not possible to make a definite assignment of each group 

to a particular isomer. 	This could be made by a shift 

reagent study, but at the time of this work no more compound 

was available. 

The carbon spectrum of this compound was recorded in 

CDC13  and CD2C12  + CS2. 	At ambient temperature, the spectra 

of both C-N bond conformation isomers were observed. 
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Assignments were made with the aid of off-resonance decoupling 

experiments, shift reagents and low temperature experiments. 

The off-resonance spectrum showed that the first two 

signals at low field of the spectrum (1 and 2, Fig. 33) are 

the N-CH carbons of the two isomers. The next two lines at 

56.916 and 49.169 PPM (3 and 4) are the N-CH
2 
carbons. 	The 

next four lines (5, 6, 7 and 8) are C (CH) carbons which appeared 

as four doublets. 	The rest of the signals are CH3  carbons. 

The cis N-CH, N-CH2 and NCCH are those with larget induced 

shifts (by shift reagent). 

Compared with the previously studied sec-Butyl group 

the C carbons should suffer a +(a) effect in the C5H11 group 

and +(a) -(0 effect in the iso-Butyl group. 	This suggests 

that the lower field pair correspond to the N-CH-CH carbon. 

For each pair the higher field one with the larger LIS is 

assigned as the cis group (A). 

The two signals at 23.251 and 22.957 PPM (9 and 10) 

with lower intensity (free C-C rotation) and chemical shift 

comparable with the other acetamides were assigned as the 

acetyl methyl carbon. 

The N-CH-CH3  carbon should have a +(y) effect compared 

with sec-Butyl, which makes it the highest field pair (16, 17). 

They were also more strongly shifted by SR (compared with C1). 

The highest field one (17) with larger induced shift is assigned 

as the cis N-CH-CH3. 	The C1  carbons of the two groups were 

too close together to allow assignment of this part of the 

spectrum. 
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At low temperature (-60°C) the N-CH , N-CH2, 

N-CH2-CH and CO-CH3  resonances of one isomer broadened and 

disappeared (-80°C). 	At -110°C each of these. resonances 

was a sharp doublet. 	The other lines, including those of 

the other isomer, are noticeably broadened at this very low 

temperature. 	Results of this study are collected in 

Tables 27(B) and 27(C). 
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TABLE 27(A) Proton chemical shift for two isomers of N(1,2,dimethyl:,  

propyl),N(iso-butyl)acetamide, 6, PPM from TMS in CD2C12 , 

two sets chemical shifts were found for each alkyl group. 

R I II 

N-CH (C5H11) 3.30 3.19 

N-CH-CH 1.64 2.12 

N-CH-CH3 1.20 1.265 

N-CCCH3 0.837 0.80 

III IV 

N-CH2 (C4H9) 2.962 2.935 

N-CH2-CH 2.19 1.85 

N-CCCH3 0.873 0.93 

TABLE 27(B) Carbon chemical shifts of two isomers in CDC13, 

PPM from TEES. R-CO-N[CH(CH3)CH(CH3)21[CH2-CH(CH3)2] 

R isomer 
I 

isomer 
II 

N-CH 60.791 61.313 

N-CH2 49.169 56.916 

N-CH-CH 32.546 31.056 

N-CH2-CH 27.694 28.348 

N-00-CH3 22.957 23.251 

N-CH-CH3 18.560 17.467 
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TABLE 27(C) 13C chemical shifts of N(1,2 dimethyl-propyl) Naso-butyl) 
acetamide. 

R 8 in CDC13 8 in CD2C12 

N-CH 
A 61.313 61.674 
B 60.791 60.667 
N-CH2 
A 49.169 49.075 
B 56.916 57.302 
N-CH-CH 
A 31.056 31.247 
B 32.546 32.878 
N-CH2-CH 
A 27.694 27.914 
B 28.348 28.564 
N-CH-CH3 
A 17.467 17.434 
B 18.560 18.631 
CO-CH3 

23.251. 23.049 
22.957 22.705 

N-CCCH3 
1 20.954 
2 20.854 20.891 
3 20.643 20.796 
4 20.689 20.414 
5 20.282 20.266 
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oC 
—110 
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Fig. 33 	Carbon spectrum of compound 11 in CD2C12+CS2 at 

ambient temperature(I) and at -1100C (II) 
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6.7 	R — CO — (12) 

The proton NMRspectrumof compound 12 in CDC13  was 

recorded. 	Four complex patterns at low field (3.91, 3.50, 

3.45 and 3.07 PPM) were observed for the N-CH proton of the 

iso-propyl and cyclohexyl groups with the same intensity, 

each pair corresponding to the A (cis) or B (trans) situation. 

This identicates slow rotation about the C-N bond. 	The 

acetyl methyl group (CO - CH3) was observed as a singlet at 

2.18 PPM. 	The iso-propyl methyl groups were observed as 

two doublets at 1.372 and 1.20 PPM. 	It was not possible 

to analyse the patterns between 2.18 to 3.10 and 1.45 to 

1.90 PPM. 

DOUBLE RESONANCE EXPERIMENT 

Irradiation of the low field methine proton at 3.91 

PPM gave a singlet for the high field methyl group at 1.20 

PPM and the lower field methyl (doublet) at 1.37 was affected 

by irradiation of the methine multiplet at 3.45 PPM. 	The 

other two methines must correspond to the N-CH on the cyclohexyl 

group. 	Comparison of the observed resonances for the iso- 

propyl group of this compound with those of compound 3 and 

4 (D. iso.P.A) shows a good agreement if the related CH - CH3  

protons at 3.45 and 1.37 PPM are assigned as cis iso-propyl 

and resonances at 3.91 and 1.20 PPM as the trans isopropyl 

group. 
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13C STUDY 

The 13C spectrum (apart from the C=0 resonance) gives 

12 lines at higher field than CDC13  which can he put into 

six sets of equivalent carbons. 

Decoupling of single proton resonances at 3.91 (B CH), 

3.45 (A CH), 1.20 (B CH3  ) and 1.37 PPM (A CH 3) affected carbon = 

resonances at 49.210, 46.611, 21.080 and 20.696 PPM respectively. 

These results are in agreement with the previous iso-propyl 

assignment, as here again the methine and methyl carbon atoms of 

the cis iso-propyl group resonate at higher field than the 

trans carbons. 

Decoupling of the N-CH proton groups at 3.07 and 3.50 

PPM affected carbon resonances at 54.580 and 58.737 PPM. 

Again we assign the higher field carbon at 54.580 

together with high field N-CH proton at 3.07 as corresponding 

to the cis N-C6H11 
(A). 

Irradiation at various points in the complex pattern 

between 2.18 - 3.10 affected the 
13C resonances at 30.2 and 

31.3. 

The results of this assignment are collected in Table 

2 8. 
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3.44 	1.40 
CH 	(CH3 )2 0 N  

C • 	 ■// 

CF3 	
N 

CH 	(CH3 )2 
4.10 	1.22 

3.50 	1.42 

C 

CC 13 	
N

CH 	(CII3 )2 
4.13 	1.24 

3.37 	1.31 
ON 	

V 
CH - (CH3)2 

N 
CH3 	 CH - (CH3 )2 

3.90 	1.20 

0 N 	 CH ---- (CH3 )2 
V 

0 

C 
V 

CH3 

 

 

 

\\ 
CH 	(CH3 )2 
3.91 	1.20 

0 

C 
■/// 

CH3 
2.18 

N 

3.45 	1.37 
CH - (CH3)2 
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TABLE 28 	Relative 1H and 13C chemical shifts of N-isopropyl 

N-cyclohexyl-acetamide in CDC13, PPM from TMS. 

13
C  

N-CH (I.E.) 

A 3.45 46.611 

B 3.91 49.210 

N-CCH3 

A 1.372 20.696 

B 1.20 21.081 

N-CH (06H11) 

A 3.07 54.580 

B 3.50 58.737 

N-CCH2 

A 30.211 

B 
2.18-3.10 

31.312 

N-CCCH2 

A 
1.45-1.90 

25.380 

26.099 

N-CCCCH2 
26.608 

C0-CH3 2.18 24.050 



LSR STUDY 
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In the last section Eu(FOD)3  was successfully employed 

to make resonance assignments in the dialkyamides. 	It has 

been shown that NMR spectra of these compounds exhibit separate 

signals for the groups cis and trans to the acetyl oxygen. 

It may be expected that the addition of the shift reagent to 

these compounds would lead to complexation of the metal by 

the lone pairs of the oxygen, and thus the resonances assoc-

iated with the cis group would suffer a larger induced shift 

than resonances of the trans group. 	Examination of a number 

of simple' dialkylamides whose resonances have been previously 

assigned by means of NOE'has shown that this expectation is 

borne out. 

7.1.1 TEMPERATURE STUDY 

1H spectra of the amides were first recorded at 

various temperatures and the coalescence temperature of the 

N,N-dialkyl group resonances were obtained. 	Samples for 

this study were made up in C2H2C14  or CDC13. 

Compounds of set I showed separate resonance for N-

alkyl groups cis or trans relative to the carbonyl oxygen. 

This indicates slow rotation about the C-N amide bond at 

ambient probe temperature. 	In this case it was possible 

to carry out the shift reagent study at room temperature 

which is more convenient. 
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7.1.2 	INSTRUMENT 

1H - The proton magnetic resonance spectra of amides 

were recorded in the frequency-sweep mode on a Varian 

associates HA-100 NMR spectrometer, operating in internal lock 

mode at 100 Mz. 	Chemical shifts were measured using a 

Backman frequency counter (frequency difference technique). 

The Homo decoupler and the standard V-4343 temperature 

controller accessory to this spectrometer were used where 

appropriate. 

13C - NMR spectrum were recorded on a Varian 

associates XL-100 spectrometer in the Fourier Transform mode 

at 25.16 MHz using an internal deuterium lock in conjunction 

with broad bond proton decoupling. Fourier transformation 

was performed using a Varian 620L computer with 16K memory. 

7.1.3 SAMPLE PREPARATION 

IH NMR samples for proton spectra were made up in 

5mm NMR tubes with CC14 + TMS as solvent, internal reference 

and lock. 	Each sample was run in the absence of the shift 

reagent, then with incrementally increasing concentration 

of the shift reagent. 	In order to increase the shift reagent/ 

substrate mole ratio (SR/S), the amide concentration was held 

constant 	0.2m) and a small amount of the shift reagent was 

added by direct weighing into the NMR tube (5 or 10 mg each 

time). 	In the range of 0.0 - 1.0 mole ratio of SR/S, in 

order to follow all signal variations from the complicated 
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spectrum to a well resolved one, chemical shifts were measured 

from TMS after each addition of the shift reagent. 

13C - samples were made up in dry, distilled CDC13  

with TMS, serving as deuterium lock and internal reference 

for the 13C spectrum. 	The experiment was carried out as 

described for proton, up to a molar ratio SR/S of 0.4. 

In most cases the chemical shifts were measured from 

TMS. 	In some experiments they were measured from CDC13  and 

converted using the following equation: 

6 TMS = 77.02 - oCDC13 

In all solutions the CDC13 central line was found to 

be 77.02 PPM away from TMS. 
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7.2 	SELECTION OF THE SR 

After using different lanthanide shift reagents and 

comparison with the results, it was decided to use Eu(FOD)3  

in order to simplify spectra, because it induces large down-

field shifts without causing excessive line broadening, which 

may result in loss of fine structure. 

The pseudocontact nature of the dispersal of proton 

resonances of molecules in the presence of lanthanide chelate 

makes Eu(FOD)3  quite useful as a tool for structural study. 

Since the contact shifts are more pronounced on carbon-13 

shift reagent studies, Eu(FOD)3  is no longer useful. 	In 

the reported study a suitable shift reagent was selected by 

comparison of the computed location of the metal using both 

13C and  1H data. 

Similar location was found for the metal when we used 

Eu(FOD)3  for the 1H study and Yb(FOD)3  for the carbon-13 

study. DMA and N-methyl pyrrolidone with known geometry were 

used in these experiments. 

Yb(FOD)3 was selected as the best LSR for 
13C structural 

determination, because it was thought that the more penetrating 

character of the f orbitals in later members of the lanthanide 

series lead to a lower induced contact shift than is found 

in earlier members, also the pseudocontact shifts induced by 

Yb3+ are much larger than those induced by Er
3+ or Pr3+ and 

13C line broadening is not severe. 	Gansow et al. have 
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demonstrated that lanthanide causes the least contract 

interaction (131) . 

Neglecting the C-1 resonances (the most likely to be 

affected by contact shift) in the computation, leaves N-Ca  

(three bonds away from oxygen) as 

R\ 	
C • 

N 	a L 	0 

a 

the nearest to oxygen where the contact shift may be neglected. 
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7.3 LANTHANIDE INDUCED SHIFTS (RESULTS)  

The downfield shifts caused by the paramagnetic 

shift reagents on 1H and 13C chemical shifts were measured 

after each addition of the shift reagent. 

It is possible to obtain the magnitude of the Induced 

Shift(IS)A=AH.1/H directly from a plots of chemical 

shifts against the molar ratio of complex to substrate 

SR  S - p . 

In the range of concentration used, the shift changes 

were approximately proportional to p. 	The slopes of these 

plots were obtained by Least Square Analysis (S.D < 0.001). 

The effect of Eu(FOD)3 on the proton spectra of 

CF3  - C - N (S-Butyl)2  are shown in fig.35 . 

The variation of the chemical shifts upon adding LSR, 

and the relative slopes for proton and carbon resonances of 

the compounds studied (of set I) are summarised in Table 

28-39. 

By comparison of these results, we can see that the 

larger induced shift is of the cis alkyl group in most cases. 

In all of the dialkylamides the A (cis) a and e. carbon peaks 

are located to higher field (in CDC13) and cross over the 

B (trans) group resonances as SR is added. 	This crossing 

over does not occur, however, for A C
Y 
 because the B 

methyl carbons resonate at higher field. 



(a)  

(b)  

(c)  

(d)  
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Fig. 35 100 MHz PMR specta of di-S-butyltrifluoroacetamide, 

(20mg; 0.966 X 10-4mo1 ) in CC14 (0.4 ml) cotaining various 

amount of Eu(F0D13; (a) 0.0 mg; (b) 30mg; (c) 75 mg; (d) 115 mg. 
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NMP LH 6 1H LIS 13C 6 13C LIS 

N-CH2 3.307 60.047 49.13 102.72 

C0-CH2 2.122 138.459 30.391 207.1 

N-C113 2.743 101.753 29.22 139.0 

CH2-CH2 1.976 55.101 17.382 88.9 

	

H2 C 	C H2 

	

I 	I 

	

H2 C 	C=0 

N 

CH3 

N-methyl pyrrolidone 

(NIT ) 

TABLE 2 9 111, 13C chemical shifts and relative lanthanide induced 
shift(L.I.S.) for N-methyl pyrrolidone. 
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amide 1H 6 1H LIS 13C 6 13C LIS 

DMA 

N-CH3 

A . _ 2.830 290.21 34.889 135.76 

B 2.977 144.94 37.795 76.29 

C0-CH3 1.944 324.79 21.304 187.56 

DEA 

N-CH2 

A 3.2955 382.858 40.06 466.21 

B 3.2955 204.917 42.551 248.55 

CH2-CH3 

A 1.046 244.068 13.192 196.51 

B 1.149 131.682 14.270 145.85 

C0-C113 1.945 465.175 21.539 521.10 

TABLE 30 1H, 133C chemical shifts and relative L.I.S. of 
DMA and DEA. 

R1=R2 =CH3 , DMA 

R1=R2 =C2H5, DEA 

R1 

CH3 —C —N 

R2 
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amide 
DIPA 

IR 6 1H LIS 13C 6 13C LIS 

R=CF3 

N-CH 

A 3.440 95.8 47.206 695.1 

B 4.10 106.4 49.05 451.2 

CH-CH3 

A 1.390 102.7 19.640 484.6 

B 1.220 57.3 20.435 240.5 

R=CC13 

N-CH 

A 3.50 504.67 48.196 227.02 

B 4.70 653.43 50.829 152.23 

CH-CH3 

A 1.40 423.83 19.586 137.78 

B 1.25 309.26 19.586 83.25 

zCH(CH3)2 

R—C—N 
0 
0 	

NCH(CH3)2 

R=CF3 N,N-diisopropyl trifluoro acetamide 

R=CC13 N,N-diisopropyl trichloro acetamide 

(6 PPM from TMS) 

TABLE 31 	1._ 	13C C chemical shifts and relative L.I.S. for DIPA. 
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DBA 
R=CF3 

MO 1H LIS 13C 5 13C LIS 

N-CH 

A 
3.04 301.0 53.643 147.3 

302.3 53.891 152.47 

B 3.78 348.5 55.180 95.99 

341.2 55.320 88.53 

N-CCH2 

A 1.78 460.0 26.744 110.11 

370.0 26.653 107.62 

B 1.57 159.0 27.501 55.0 

222.5 51.66 

N-CCH3 

A 1.345 325.0 16.972 104.18 

315.0 17.044 103.95 

B 1.172 179.0 18.497 51.84 

1.195 180.0 18.807 50.45 

N-CCCH3 

A 0.85 101.5 11.748 40.22 

0.86 101.5 11.946 41.54 

B 0.92 137.0 11.102 34.86 

142.0 36.59 

CH2---CH3 

j11 - CH3 
R-C -N 

0 
	

\\\ CH - CH3 

I 
CH2---CH3 

TABLE 32 	R=CF3 N,N-di s-butyl trifluoro acetamide 

111 and 13C chemical shifts and Lanthanide Induced Shifts (LIS). 
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DBA 
R=CC13 

1H 5 Da LIS 13C 6 13C LIS 

N-CH 

A 3.12 255.87 55.198 151.4 
54.930 173.0 

4.35 347.22 56.669 106.8 
B 

347.22 115.9 
N-CCH2 

A 1.92 254.23 26.928 104.5 
26.779 113.8 

B 
2.00 
1.80 

196.60 
104.64 

27.425 
27.574 

64.30 
62.3 

N-CCH3 

A 1.405 196.65 17.359 108.1 
193.5 17.206 103.5 

B 
1.245 
1.265 

166.65 
162.78 

16.781 
16.594 

61.20 
62.9 

N-CCCH3 

A 
0.889 53.50 

.50.62 
12.073 
11.920 

34.0 
35.2 

B 0.962 108.66 11.182 37.5 
110.51 11.182 37.5 

CH2- C113 
I 

//MI --- CH3 

R-C--N 
I I 	\ \ , 
0 	CH - CH3 

I 
CH2 ---CH3 

TABLE 33 	R=CC13 N,N-di-s-butyltrichloro acetamide 

1H and 13
C chemical shifts and Lanthanide Induced Shifts (LIS). 
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TABLE 34 	'H , 13C chemical shifts and relative L.I.S. of N,N-di-S-butyl 

dicholoroacetamide. 

R 1H 	' 1H LIS 13
C  13C LIS 

N-CH 

A 3.05 1.59 53.803 0.4148 
53.505 0.3570 

B 4.07 1.67 55.546 0.2680 

N-CCH2 

A 1.86 2.023 27.056 0.3311 
26.924 0.3229 

B 1.62 1.024 27.918 0.1739  0.1606 

N-CCH3 . . 
. . 

A 1.33 1.688 17.509 0.3060 
1.608 17.335 0.3142 

B 1.247 
1.233 

0.8368 
0.8376 

18.246 
17.998 

0.1487 
0.1668 

N-CCCH3 

A 0.866 0.5785 12.015 0.1112  11.837 0.1203 

B 0.981 0.5417 11.423 0.1002  0.0963 
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TABLE 35 
	13

C chemical shifts and relative L.I.S. of N,N-di-S-butyl 

monocholoroacetamide. 

R .5 	13C L.I.S. 

N-CH  

A 53.046 0.4938 
52.722 0.6198 

B 56.253 0.3018  0.2989 

N-CCH2 

A 27.355 0.3626 
27.180 0.3471 

B 27.983 0.1744  0.1639 

N-CCH3 

A 17.687 0.3268 
17.522 0.3180 

B 19.098 
18.818 

0.1674 
0.1782 

N-CCCH3 

A 12.160 
11.953 

0.1318 
0.1349 

B 11.610 0.1129  0.1072 

C0-CH2C1 43.224 0.5996  
0.5794 
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TABLE 36 	chemical shifts and relative L.I.S. of N,N-di-S-butyl- 

acetamide(PPM from TMS). 

R 6 	13C LIS 

N-CH 

A 

B 

N-CCH2 

A 

B 

N-CCH3 

A 

B 

N-CCCH3 

A 

B 

52.303 
52.020 

55.945 

27.721 

28.214 
28.134 

17.979 

19.378 
19.130 

12.273 
12.079 

11.777 
11.677 

0.3524 
0.3620 

0.1909 

0.2476  0.200 

0.1125 
0.1209 

0.2281 

0.1077 
0.1178 

0.1014 
0.0932 

0.0823 
0.0809 
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TABLE 37 
	13C chemical shifts and relative LIS of H-CO-N(5-butyl)2 

in PPM from TMS. 

R IS 
13C LIS 

N-CH 

A 

B 

N-CCH2 

A 

B 

N-CCH3 

A 

B 

N-CCCH3 

A 

B 

' 50.581 
50.201 
53.310 
53.083 

27.338 
27.172 

30.0C4 
29.851 

17.977 
17.865 

21.459 
21.314 

11.692 
11.601 

11.546 
11.427 

0.989 
0.6194 
0.6395 

0.647 
0.654 

0.3454 
0,3527 

006323 
0.634 

0,334 
0.335 

0.369 
0.379 

0.231 
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TABLE 38 
	13C chemical shifts and relative LIS of N-isopropyl 

N-cyclohexyl acetamide in CDC13, 6 PPM from TMS. 

R LIS 

N-CH 	.P .) 

A 46.611 0.40458 

B 49.210 0.26333 
N-CCH3 

A 20.696 0.2097 

B 21.081 0.1168 
N-CH ( C6H11) 

A 54.580 0.36366 

B 58.737 0.23161 

N-CCH2 

A 30.211 0.21804 
B 31.312 0.13332 

N-CCCH2 

A 25.380 0.07398 
B 26.099 0.07366 

N-CCCCH2 

26.608 0.05489 

C0-CH3 24.050 0.14303 



I 

DISCUSSION 
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8.1.1. 	The most important application of LSR is to. make use 

of the strong geographic dependence of the magnitude of the 

incremental shifts seen within a given molecule. 	In this  

work, LIS data have been used to investigate the possibility 

of determining the conformations of N-alkyl groups in 

substituted amides. 	These data have been used for computer 

calculations (1H, 13C chemical shifts or broadening data) 

based on the McConnell-Robertson equation 

Av 	= Kr.-3  (3 Cos
20.-1) 
	

(54) 

for the induced chemical shift, and (1/-6 ) for broadening. 

A program called "METFIND" was used, incorporating 

calculation and display facilities which analysed the raw 

data by a three dimensional search through space about a 

given volume. The coordinates of the chosen conformation and 

experimental LIS values are used as raw data. 	The 

coordinates of substrate are arranged so that: 

	

I. 	The atom on the substrate to which the metal is 

complexed is set at the origin. 

	

IT. 	The atom bonded to the above atom, lies on the 

+Ve X-axis. 

	

III. 	If a molecule has a plane of symmetry, it is set 

in the XY plane of the coordinate system in order to cut 

down the search area by half. 
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The calculation of the geometric factors fox the-

system in question was carried out by arbitrarily selecting 

reasonable values of the Ln-O distance (R), the angle PHI 

(between the 4.Ve  X-axis side of the X-2 plane, and Ln-0 

vector, measured in the vertical (Y) plane), and the angle 

PSI (measured in the X-Y plane, between the-+
Ve X-axis and 

vertical (Y) plane, passing through the Ln-O vector). 

The calculation was then carried out with fixed 

substrate geometry and repeated for different values of R 

while varying PHI and PSI (from 90°  to 2700). 

The program has a facility for averaging out the CH3  

proton positions in space (in the case of free rotation), 

therefore for all the compounds studied free rotation of methyl 

groups was assumed and no attempt was made to determine any 

conformational preference for these groups. 

The results obtained were compared with the given 

experimental induced shifts of all the shifted centers of 

the substrate, in order to find an acceptable (input tolerance), 

Fit Factor "F". 

This factor representing the goodness of fit of the 

data and is given by equation 

F = 1.0 - 	obs-Calc)2 x 100.0 
N-1 (55) 

where N is the number of shifted centers. 	The above equation 

(55) gives a ROOT MEAN SQUARE DEVIATION of the observed from 

the calculated data. 
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A table of the Fit Factors was produced, the highest 

value chosen, and,a further search was made focusing upon 

the search area, around the point with the highest Fit Factor. 

After the final search, the program produced a list of all 

the relevant information concerning the point with maximum 

Fit Factor. 

8.1.2. ATOM COORDINATES 

 

In theoretical studies of the amide group it has 

always been assumed that all the heavier atoms of the primary 

amide group (C,C,O,N) are essentially coplanar, allowing 

maximal conjugation of the 7 electrons in the C=0 bond and 

the "non bonded" pair of nitrogen electrons. 	The amide 

fragment was arranged as in fig.36 . 	The oxygen atom was 

set at the origin, the 0=C bond lies along +X direction and 

the amide fragment lies in the XY plane. 	For further 

substitution on the alkyl groups 1.53A  and 1.09A  were always 

used for the C-C and the C-H bond lengths respectively. 

It is clear that in these compounds the number of 

C-C bonds with allowed rotation complicates the issue 

enormously, therefore the possibility of applying the technique 

to larger molecules is forbiddingly complex, unless the number 

of possible conformations is restricted, e.g. as in a cyclic 

molecule. 



C 
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Fig. 36 	Value of distances(9) and angles within the amide group. 

\ 77H 

z 

0 
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The program "COORD" was used to determine the atomic 

coordinates of different conformations by putting bond lengths, 

bond angle and dihedral angles for the most probable substrate 

conformations. 

It was decided to start the calculation with a well-

defined system, in order to find the most probable area for 

the metal position and the range of the acceptable Fit Factor. 

N-methyl pyrrolidone with a planar ring structure 

and spectrum type A2M2X2  was selected. 

yN—tele 

0 

The calculation was carried out to find the most 

probable metal position, and good agreement between calculated 

and observed induced shifts occurred over a wide area: 

Ao Ao 2.00 < R < 5.00 	in the step of 10 , 

90°  < PHI < 270°  in the step of 5 degrees, 

90 < PSI < 270° 	in the step of 5 degrees. 

The calculation was performed in two ways: 

I. 	The observed 
1H and 13C data were used together 

to find the metal location which gave the maximum Fit Factor 

(hereafter called MaxF). 
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II. 	The proton and carbon data were used for separate 

calculations. 

In the first method a large value of 99% for MaxF 
0 

was obtained with the Ln-O distance R = 4.64A on the plane 

of the molecule with negative X and Y, which makes it lie 

away from the N-Me group and on the side of the CO-Ca  bond. 

The lanthanide-oxygen bond length seems much longer than the 

suggested distance (R = 2.5 - 3.5Ao)(238) 

Since the number of shifted centers in the second 

approach is decreased, a relatively wide area with high value 

of F was obtained. 

Two MaxF were found to be 99.8% (R = 3.35) for carbon 

and 99.7% (R = 3.48) for 11-1 data. 	They showed similar Ln-O 

bond length (R = 3.40 4- 0.08) which seem reasonable when 

Ao compared with suggested values of 2.5 - 3.5 . 	The site of 

the 1HMaxF was used to calculate the goodness of the Fit for 
13C data and vice versa. 	In each case a value higher than 

90 %was achieved. 

Calculation was also made for a metal location between 

the two Maxima. 	This resulted in a Fit value higher than 

95%, which was taken as the mean position for the metal. 

Tables 39-40 shows the coordinates of the atoms in 

this compound and the mean metal position. 	Fig. 36 shows 

the situation of the metal with resoect to. the substrate. 

It is in the (-X-Y-Z) quadrant below the plane of the molecule. 
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TABLE 39 	Atom coordinations of N-methyl,Pyrrolidone . 

Atom XA YA° 

01  0.000 0.000 0.000 

C2 1.210 0.000 0.000 

N3 1.974 1.111 0.000 

C4 1.448 2.478 0.000 

C8 3.372 0.652 0.000 

C11 2.028 -1.275 0.000 

C14 3.496 -0.882 0.000 

H
5  0.8377 2.633 -0.890 

H6 2.277 3.190 0.000 

H7 1.838 2.633 0.890 

119 3.877 1.030 0.890 

1110 
3.877 1.030 -0.890 

H12 1.795 -1.860 -0.890 

H13 1.795 -1.860 0.890 

H15 3.980 -1.284 -0.890 

H16 3.980 -1.284 0.890 

Ln -2.125 -0.807 -2.360 

H12 	H10 
I 	I 

I 	 I 
H1301a■-C11 	C8 -aNIH9 

H15  	

/H6 

.411 C14 	N3- C 4.-.0117 

H16 

01 

C2 	%H5 

Ln 



Ln--0 
A 

bond 

PHI angle 

PSI angle 

MOC 

3.48 3.35 3.43 

179 210 195 

233 222 227.5 

127 130 128.5 

-2.094 -2.156 -2.125 

-0.061 -1.67 -0.81 

-2.78 -1.941 -2.36 

Max.F. 7 	99.7 	99.8 

X 

Y 

Z 
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Ln 
	

in 
	13

C 
	

mean. Ln 

position 	 position 

TABLE 40 Calculated Ln position for 1H and 13C data, 

and mean Ln position (N-methyl Pyrrolidone). 

Fig. 	37 	Location of the Ln with respect to the 

N-Me Pyrrolidone. 
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Although both the oxygen and nitrogen atoms, having 

lone pairs of electrons, could be expected to complex with 

the lanthanide, this result shows clearly that the metal 

lies away from the nitrogen atom and N-CH3  group, and the 

oxygen is the donor atom (in agreement with previous amides 

study, see Section 5). 

On the other hand, with oxygen Sp
2 
hybridised the 

non-bonded lone pairs would lie in the plane of the molecule, 

'Ct 	c/ 
R 

O \ 

and the Ln-O bond might also be expected to lie in this plane. 

Probably the steric interactions with C2  and its substituent 

push the complexed lanthanide out of this plane. 

After the above-mentioned system, calculations were 

carried out for other compounds where the conformation of 

the N-alkyl group (N-R) was not defined, using the second 

approach in a variety of possible conformations which may be 

adopted in solution by free rotation around the N-Ca  and 

Ca-CP. bonds. 
	Those conformations which result in acceptable 

solutions are, in fact, the most probable conformations for 

the system in the question. 
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Calculation results were acceptable if: 

I. Separate calculations for 1H and 13C data gave 

similar lanthanide positions. 

II. A Maximum Fit Factor higher than 90% was obtained 

for both studies. 

III. 	The lanthanide-oxygen distances were in the range 

Ao of 2.5 - 3.5 . 

8.2 N,N DIMETHYL ACETAMIDE  

The next substrate studied was the simplest system 

DMA, with three freely rotating CH3  groups. A wide search 

area with high Fit Factor was found in both IH and 13C studies. 

Max F as high as 99.92% was obtained. 	The metal positions 

were close together. 	The mean position produced a high Fit 

Factor for both. 	The metal position was in the same quadrant 

as for the N-methyl pyrrolidone (-X-Y-Z E -X-Y+Z). 	The 

average Ln-0 distance is somewhat shorter than the earlier 

° example (3.06A ). 	This might be the effect of steric 

interaction as the CH3 group is effectively smaller than the 

heterocyclic ring. 

In this system a conformation with the N-Ca bond out 

of the amide plane was also studied, but much better fit was 

obtained where the N-C bond lies in the amide plane. 

The Max F for 1H and 13C and DMA coordinates are 

collected in Tables 41 - 42 . 
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TABLE 41 	Atom coordinations of N,N dimethylacetamide. 

ATOM YA. 
ZA. 

0
1  
C2 

 

IS 
C
4 
C
8 
C12 
115 

116 
117  

11
9 
H10 

1111 
H
13 

1114 
H15 

Ln 

0.000 

1.210 

1.990 

1.404 

3,422 

2.021 

0.317 

1.726 

1.726 

3.676 

3.837 

3.837 

3.085 

1.778 

1.778 

-1.095 

0.000 

0.000 

1.114 

2.429 

0.964 

-1.298 

2.344 

2.971 

2.971 

-0.096 

1.437 

1.437 

-1.061 

-1.878 

-1.878 

-0.840 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.890 

0.890 

0.000 

0.890 

-0.890 

0.000 

-0.890 

0.890 

-2.730 

H14 	H13 	H9 	H11 
/ 

■

‘ .C12/ 

N

C8

,/  

de( 	//,/ "."4444VH10 
H15 \\\N\  

C2 	N3 

, 	

\N\  , ,H6 

01 	C4 

/// 
	/ -ftftftg, H7 

/ 
Ln 	H5 

(D.M.A.) 
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Ln 
	 13

C 	mean Ln 
position 	 position 

Ln--O 

bond A 3.31 2.81 3.06 

PHI°angle 194 198 196 

PSI°angle 249 247 248 

XA 	, -1.15 -1.04 -1.09 

ItA -0.8 -0.87 -0.84 

ZA  -2.99 -2.46 -2.73 • 

Max.F. 7. 99.95 99.93 99.9 

TABLE 42 	Calculated Ln position for IN and 13C data, 

and mean Ln position. 

Fig 38 	Location of the Ln with respect to the DMA. 
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Fig.338 shows the mean metal position with respect 

to the DMA. 

This results in a very good agreement with a 

previously reported LSR study on DMA
(237) 

8.3 N,N DIETHYL ACETAMIDE 

For this compound with freely rotating N-Ca  bond, 

the conformational properties of the N-alkyl bonds are 

important. The only acceptable conformation was found to 

be that in which the trans CH2-CH3(B) methyl group is set in 

the plane of the amide fragment 0 = C - N , and methyl group 

of the cis ethyl (A) is perpendicular to this molecule. 

This was the only conformation in which the proton and carbon 

MaxF were in good agreement. Ln-0 distance was found about 

Ao . 	Lanthanide mean position was this time in the 

(-X-Y+Z) quadrant, as can be seen in the fig. 39 it is on the 

same side of the plane of the molecule, where the methyl group 

of the cis ethyl is located. 

Table 43 contains the coordinates of DEA and mean 

position of the lanthanide. 
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TABLE 43 Atom coordinations of N,N diethylacetamide. 

ATOM 
	

XA 	YAb 	ZA. 

0
1 	0.000 	0.000 	0.000 

C2 	1.210 	0.000 	0.000 
N3 	1.990 	1.114 	0.0000 
C4 	1.404 	2.430 	0.000 
C7 	1.195 	2.899 	1.452 
C11 	3.422 / 	0.964 	0.000 
C14 	4.085 	2.354 	0.000 
C18 	2.026 	-1.306 	0.000 
115 	0.443 	2.400 	-0.514 
116 	2.069 	3.124 	-0.514 
118 	1.540 	2.125 	2.137 
119 	1.762 	3.815 	1.623 

1110 	0.136 	3.090 	1.623 

1112 	3.729 	0.415 	-0.890 
H13 	3.729 	0.415 	0.890 
H15 	3.313 	3.124 	0.000 
H16 	4.705 	2.461 	-0.890 

1117 	4.705 	2.461 	0.890 
H19 	3.090 	-1.070 	0.000 

H2O 	1.783 	-1.886 	-0.890 

1121 	1.783 	-1.886 	0.890 

Ln 	-0.51 	-1.18 	1.65 

H2O H19 	H12 #000013 

Ao;C18 	
/ 

Cll 
H21 r N 

 
- C14-115 

C2 	N3 	 *"4444111WH17 

Ln iFill.."-- 13-(D.E.A.) 	
;C'i 

N #,H5 

116 
/ NsliNv  /H8 

C7 ----H9 
/ H10 

/ 	 , H16 
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Fig. 39 	Location of the Ln.with.respect to the 

diethylacetamide molecule. 
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8.4 	N,N DIISOPROPYL ACETAMIDE 

Compounds 3 and 4 were studied(3) CF3-CO-N [CH(CH3)2] 
2 (4) and 	CC13-CO-N [ CH (CH3) 21 . 2 

For these two compounds. again only one conformation 

seems to be preferred, of a wide range of conformations 

studied. 

The favoured conformation was the same for both 

compounds, fig. 40, and was found with a sharply defined 

Max F. 

Proton and carbon MaxF  showed excellent agreement. 

Two mean positions are identical for both molecules. 	The 

preferred conformation was found to be that in which the 

methine proton of the isopropyl group cis to the acetyl oxygen 

is placed on the plane of the molecule and points away from 

oxygen; the methine proton of the trans group also lies in 

the same plane, but pointing towards the CO-R group. 	This 

conformation seems reasonable, as free rotation of the acetyl 

methyl group can relieve the interaction with the methine 

proton of the B isopropyl group, and it can be seen in 

fig.40 that the isopropyl methyl groups are located apart 

from each other, which minimises the steric interactions 

with the acetyl methyl and oxygen. 

Although the metal location is in the same quadrant, 

this time Ln-0 is somewhat shortened R % 2.5, Table 44, which 
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is closer to the Y-axis. 	This could be the effect of 

substitution on the acetyl methyl group, which results in 

an increase in the size of this group from CH3  CF3  CC13  

and forces the metal atom increasingly further away from the 

substituted methyl group. 

Ln 
position 

R=CCF3 R= CC13 mean Ln 
position 

1H 
13
C LH 

13
C 

Ln 	0 
bond 2.28 2.89 2.50 2.55 2.5 

PHI angle 202 185 190 187 188. 

PSI angle 219 231 226 225 225 

X4  -1,64 -1.81 -1.71 -1.79 -1.75 

YY -0.84 -0.25 -0.43 -0.31 -0.37 

Z -1.33 -2.23 -1.77 -1.79 -1.78 

Max.F. % 99.68 99.55 98.95 98.8 99.5 

TABLE 44 	Calculated of the Ln position for LH and 13C data 

and mean Ln position (diiso-Propylacetamides). 
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ATOM X Y 

01  0.000 0.000. 0.000 

C2 1.210 0.000 0.000 

N3 1.980 1.100 0.000 

C4 1.400 2.420 0.000 

C6 0.527 2.590 -1.250 

C10 0.527 2.590 1.250 

C14 3.420 0.955 0.000 

C16 4.003 1.637 1.250 

C20 4.003 1.637 -1.250 

C24 2.020 -1.290 0.000 

H5 2.190 3.170 0.000 

H7 0.558 1.680 -1.850 

H8 0.906 3.426 -1.850 

H9 0.502 2.800 -0.960 

H11 0.558 1.680 1.850 

H12 
-0.496 2.808 0.961 

H13 0.906 3.343 1.850 

H15 
3.670 -0.105 0.000 

H17 3.195 2.053 1.850 

H18 4.695 2.413 0.960 

H19 4.533 0.879 1.850 

H21 3.196 2.052 -1.850 

H22 
4.540 0.887 -1.850 

H23 
4.695 2.412 -0.961 

TABLE 45 	Atom coordinates of N N diisopropylacetamifes. 
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F ig.  40 	Mean metal positions and preferred conformation for 

I, CF3-00-N(CH-(013)2)2 and II, CC13-CO-N(CH-CH3)2 )2 

I 
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8.5 	N,N DI SEC BUTYLTRIFLUOROACETAMIDE  

In these.  compounds the sec butyl group, with its 

possibility of rotation about the N-Ca 
and Ca-C8 bonds, 

complicates the NMR spectrum. 	Therefore identification 

of favoured conformations is more difficult compared with the 

iso propyl group. 

1H and  13C spectra of this compound showed a mixture 

(with the same proportion) of meso (dd,l1) and racemic (dl) 

isomers. 	The decoupling experiments and LIS study results 

led to the assignment of resonances which arise from the 

two chemically different forms, but did not identify the two 

different stereoisomers. 

In order to solve this problem, calculations of LIS 

were carried out with 13C data, where only the main skeleton 

of molecule was involved. 	By ignoring the resonances due 

to the C1  carbons, the effects of rotation about the Ca
-C

8 

bonds were removed from consideration. 	In this way only one 

conformation gave reasonable agreement and the higher Fit 

Factor distinguished between the stereoisomers. 	The N-Ca 

conformation was found to be analogous to those of diisopropyl- 

amides. 	In both meso and racemic forms, the A methine protons 

lie on the amide plane pointing away from the oxygen. while 

B methine protons are also on the same plane but pointing 

towards the amide bond. 	Then with the fixed N-C
a 
bond, 
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calculations based on 
1H and 13C data were made for a wide 

range of conformations about the Ca-Cf3  bonds. 	In such 

conformations, the C carbons of the meso form are on fig. 42, 

opposite sides of the molecular plane, and those of the racemic 

form are on the same side of the plane. For the meso form 

of this compound four different combinations of conformations 

of the two non-equivalent sec-butyl groups result in acceptable 

Max F and mean metal position, while two conformations were 

found for the racemic form of this compound. 	These conforma- 

tions for both forms are illustrated in terms of Newman 

projections along the Ca-Cii  bonds, (fig.42 ). 

The precise location of the metal depends upon the 

conformation of the 
Ca-C8 

bonds. 	In all cases it was found 

to be in the -X+Y-Z quadrant with the ethyl portion of the 

A sec butyl group located on the positive side of the Z-axis, 

(and in +X+Y+Z quadrant where A ethyl group is on the negative 

side of the Z-axis) except for one of the two preferred 

conformations of the racemic form where the mean metal position 
0 

is close to the amide plane with Z = +0.28A  in the -X+Y+Z 

quadrant. 	Unlike the previous examples, metal location for 

this compound is on the same side as the nitrogen atom. 

There is no explanation for this observation, as it happens 

as a result of substitution of a methyl group on to an 

isopropyl group, which is far away from the metal position and 

steric interactions can not be expected. 
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Both 	11R 	and 

4 resonances, 

13C 

meso trans to C:=0 

4 resonances, 
meso cis to C=0 

4 resonances 
racemic trans to C:=0 

4 resonances 
racemic cis to C=0 

Fig. 41 	The method which has been used to determine 

molecular conformations. 



meso rasemic 

R 1H 6 13
C.6 1116 

13
C .6 

N-CH 

A 3.04 53.643 3.04 53.891 

B. 3.78 55.180 3.78 55.320 

N-CCH2 

A 1.78 26.744 1.78 26.653 

B. 1.57 27.501 1.57 27.501 

N-CCH3 

A 1.345 16.972 1.345 17.044 

B .  1.172 18.497 1.195 18.807 

N-CCCH3 

A 0.85 11.748 0.86 11.946 

B 0.92 11.102 0.92 11.102 

6 = chemical shift in PPM from TMS. 

TABLE 	46 	11H and 13C chemical shifts of two stereoisomers of 

di-sec butyltrifluoroacetamide. 
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Fig. 42 Preferred N-Ca conformations in N,N di-secButylacetamides. 
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isomers of 	, along Ca--CP bond 



Ao The Ln-O distance is-3 - 3.3 , which is similar to 

those obtained with most previous examples. 	The precise 

metal positions calculated are somewhat different for each 

situation, the mean metal position and the main carbon 

skeleton for each conformation are shown in figs. 44, 45 and 

46 and Tables 47 and 48 . 



	

1.063 	3.770 	2.095 

	

3.416 	0.955 	-2.515 

C
13 
C
22 

IV 

	

1.398 	2.421 	2.515 

	

4.980 	2.737 	-0.838 

C
13 
C
22 

II 

AT0: X 	
\ • 

la 

01 	
0.000 	0.0:',3 	0.000 

C
2 	

1.210 	0.000 	0.000 

N3 	1.980 	1.100 	0.000 

C4 	1.398 	2.420 	0.000 

C6 	0.527 	2.590 	-1.257 

C10 	0.527 	2.590 	1.257 

C17 	3.420 	0.955 	0.000 

C19 	4.000 	1.620 	-1.260 

C26 	4.000 	1.620 	1.260 

C30 	
2.020 	-1.297 	0.000 

R=CF3 

	

-0.927 	2.880 	0.838 

	

4.750 	0.571 	-2.095 

	

1.063 	3.770 	2.095 

	

4.750 	0.571 	-2.095 

	

-0.927 	2.880 	0.838 

	

3.416 	0.955 	-2.515 

C
13 
C22 

I 

 

C
13 
C
22 

C
13 
C22 

II 

III 

C13 
C22 

R= CC13 

I 

	

1.398 	2.421 	2.515 

	

5.534 	1.462 	-1.257 

Ln 	-2.80 	0.75 	-1.60 

TABLE 47 	Atom coordinates of preferred conformations 

of meso R-CO-N(sec-Buty1)2, and average Ln 

position. 



ATOM ;" - Z 

0
1  

0.000 0.000 0.000 

C
2 

1.210 0.000 0.000 

N3 
1.980 1.100 0.000 

C
4 

3.398 2.420 0.000 

C6 
0.527 2.590 -1.257 

C10 
0.527 2.590 1.257 

C
17 

3.420 0.955 0.000 

C19 
4.000 1.620 1.260 

C26 
4.000 1.620 -1.260 

C
30 

2.020 -1.297 0.000 

C
13 

 R'CF3 1.398 2.421 2.515 

C22 
I 

 
5.534 1.462 1.257 

C13 II 
1.398 2.421 2.515 

C22 4.980 2.737 0.838 

C13 
R= CC13 1.063 3.770 2.095 

C
22 

4.980 2.737 0.838 

Ln -2.80 1.04 0.36 

TABLE 48 	Atom coordinates for racemic R-CO-N(sec-Buty1)2. 
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II 

Fig. 	44 	Mean metal positions for conformations II, 

and I of meso ,di-sec butyltrifluoroacetamide. 

I 



IV 

III 

Fig. 	45 	Mean metal positions for conformation III, 

and IV of meso, di-sec butyltrifluoroacetamide 
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II 

I 

Fig. '4 46 	Mean metal position for conformations I and 

II of racemic, di-sec butyltrifluoroacetamide. 



3.6 
	

N,N DI SFC Tinm=77,11.007,07-0ArETAT,ITn 

The same.calculations were carried out for this compound. 

The two stereoisomers were identified and N-C4 bonds were 

found to be oriented so that the A methine proton lies on the 

plane of the molecule pointing away from oxygen, while the B 

methine proton, which is also on the same plane, is pointing 

towards the (C-N) amide bond. 	This arrangement was observed 

for both the meso and racemic form, and it is exactly the 

same as found for CF3CO-N(sec butyl)2, CF3-CO-N (iso-propyl)2  

and CC13-CO-N (iso-propyl)2. 	Further calculations were 

carried out by matching results of separate searches with 

proton and carbon experimental data. 

For the meso form, two combinations of sec-butyl 

group conformation gave acceptable Max F and complexation 

site for the while only one acceptable conformation was 

found for the racemic form. 	These conformations and mean 

metal position are illustrated in Fig 47, 48 and 49. 

All the metal positions are located in (-x+y+z) quadrant, 

Ao and the average Ln-o distance is 2.96 . Supprisingly, 

the change in the nature of the substrate from CF3  to CC13  

again has resulted in a shorter Ln - o band lengh and placed 

the metal closer to the plane of the molecule; similar effects 

were found where analogous isopropy derivatives were examined. 



R 	r  i.,, 
N-CH 

A 	3.12 

B 4.35 

N-CCH2 

A 	1.92 

B 2.0 

N-CCH3 

A 	1.405 

B 1.245 

N-CCCH3 

A 	0.889 

B 0.962 

racemi.c 
13

C I, 116 13C.6 

55.198 3.12 54.930 

56.669 4.35 56.669 

26.928 1.92 26.779 

27.425 1.8 27.574 

17.359 1.405 17.206 

16.781 1.265 16.594 

12.073 0.889 11.920 

11.182 0.962 11.182 

meso 

6 = chemical shifts in PPM from TMS. 

TABLE 49 111 and 13C chemical shifts of two stereoisomers of 

di-sec butyltrichloroacetamide. 



to c= 
N 

Me 

H 

to C=0 

N 

 

I 
Me 

Fig. 47 	Preferred conformations of s-Butyl groups for two sLercoisomers 

of CC13-CC N(soc-Butyl )2 , along Ca--CP 1ond . 

sec-Butyl group cis 	sec-Butyl group trans 

II 

(meso) 

(racemic) 
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Fig. 48 	Mean metal position for conformations I, and II of 

meso NoN di-sec Butyltrichioroacetamide. 



Fig. 49 	Mean metal position for conformation I of 

rasemic N,N di-sec Butyltrichloroacetamide. 



carbon 	6 at -20 	6 at -100 

C
l  

C2 

C3 

C
4 

C
5 

C6 

C=0 

11.32 

18.39 

27.967 

34.34 

37.56 

52.366 

173.449 

11,21 
11.98 

16.79 
19.00 

25.25 
30.02 

37.873 

37.232 
37.61 

51.368 

173.292 

TABLE 50 	Carbon chemical shifts of compound 4, in CFC13, 

at -20 	, and -100 	( b PPM from TMS). 
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(B) 

Fig,. 50 Carbon spectrum of compound 4 (set II) in CFC13 at 

-20 (A) , and -100 c  (B) 



Conclusion 

All results of this work are in excellent agreement with 

previous amide studies, references 131, 134(LIS of DMA)f and 

218, 227, 228, 232. ASIS study of diisoprapylamides. 

1H and  13C spectra of the compounds of set II 

(dimethylamides) were also recorded at various temperature; 

an attempt was made to "freeze out" the rotation about the 

C-C bonds of the alkyl group without any success, except for 

compound number 4 "where a frozen out 13C spectrum was 

observed at -100oC. 13C LSR study was also carried out on 

these compounds, but the method used to determine the Ln location 

in these compounds was not followed here because of the amount of 

computer work involved, there being so many possible 

conformations. 

Possibly, useful information could be obtained 

concerning the conformational preferences by "freezing out" 

conformers at low temperatures; so far this has not proved 

possible at temperature accessible to us. 
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