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Abstract 

Two novel choral dinucleating ligands have been obtained by 
graftmg a methyl substituent onto one and both dtammo 
arm(s) of N,N’-bis(4-methyl-5-aza-3-hepten-2-one-7-yl) ox- 
amide (H,L’), respecttvely. These ligands, N-(4-methyl-6-oxo- 
3-azahepta-4-enyl)-N’-(1,4(2,4)-dimethyl-6-oxo-3-azahepta-4- 
enyl) oxamtde (H,L’) and N,N’-( 1,4(2,4)-dtmethyl-6-0x0-3- 
azahepta-4-enyl) oxamide (H4L3), and their related mckel 
complexes (Nt,L’) and (NlZL3) exist as a vartety of geometrtcal 
and optical isomers since, on the one hand, two locations 
are possible for each substituent and on the other hand, 
each substttuted ammo cham comprises an asymmetrtc carbon. 
All but one geometrrcal isomer have been Isolated via une- 
qutvocal synthetic pathways. Defimttve proofs of the extstence 
of all geometrical and optical tsomers are gamed from an 
NMR study including 2D spectra and 1D spectra obtained 
u-r the presence of a chiral auxihary. In all cases the five- 
membered ring resulting from coordinatton of the dtammo 
moiety of the hgands to the mckel ion adopts a preferred 
conformation which places the methyl substituent in an axtal 
or pseudoaxial posttion. 

Key words: Nickel complexes, Dmucleatmg hgand 
complexes, Dinuclear complexes 

Introduction 

In previous papers [l, 21, we have emphasized the 
interest of the binucleatmg ligand N,N’-bis(6methyl- 
5-aza-3-hepten-2-one-7-yl) oxamide (HAL’ in Fig. 1) 
which offers a convenient route to dinuclear complexes. 

- 
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A way to increase further the interest of this type 
of ligand and related complexes would be to create 
supplementary complexmg sites in then structure to 
allow an extension of the number (and eventually nature) 
of coordinated metal ions. This could be easily per- 
formed by grafting a complexmg group onto the diamino 
chain [3]. However this strategy is expected to yield 
several isomeric species. Indeed the substituent may 
be located at C(4) (isomer p) or at C(5) (isomer r). 
Furthermore the substituted carbon, C(4) or C(5), 
becomes chiral with an R or S configuration. In addition 
the five-membered ring resultmg from chelation of the 
diamino chain may adopt a gauche (A or S) conformation. 
The present paper is devoted to an NMR study of 
these stereochemical problems in the case of simple 
models involving substitution of a proton of the diamino 
backbone by a methyl group. 

The ligands and complexes under study are repre- 
sented in Fig. 1 together with their unsubstttuted coun- 
terparts H,L’ and Nt,L’. Taking into account the lo- 
cation (p or r) of the methyl groups and the chtrality 
(R or S) of the asymmetric carbons**, we can expect 
that: 
l each of the geometrical isomers II, and II, gives rise 
to a pair of enantiomers (pR, pS) and (rR, rS) 
l each of the geometrical isomers III,, and III,, gives 
rise to a pan of enanttomers (pRpR, pSpS) or (rRrR, 
rSrS) and a meso form (pRpS) or (rRrS) while III,, 
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NH 0 
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NH 0 I X I 

0 HN, 0 HN 
\ 

I I +-Me 

H4L’ (R= Me) N12L’ =I (HdL2),, (NIzL’),=II, (H,L’), (NG-‘)pp= III,, 
H4L’ (R = Et) NllL’ =I’ (H4L2)r (Nn>L*), = II, (H,L’), (NI,L’),= III,, 

(H4L’)pr (N&‘)pr= III,, 

Fig 1 Schemattc structures of the H,L’, H,L’, H,L3 hgands wtth 
the numbermg scheme retamed for ‘H and ‘jC NMR data of 
the different complexes. 

‘*The conformatton 6 or A of the five-membered chelate rmg 
will not be considered since, as we shall see m the current of 
thts study, tt 1s determmed by the chnahty of the asymmetrtc 
carbon 
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yields two pairs of enantromers (pRrR, pSrS) and (pRrS, 
pSrR) . 

Since enantiomers cannot be dlstmguished by NMR 
spectroscopy performed in an achrral medium this type 
of study would lead to the observation of two sets of 
srgnals for each of the III complexes. However, they 
would be attributable to rat and meso forms m the 
case of III,, and III,, but to two diastereotsomeric pairs 
of enantromers in the case of III,,. Acomplete resolution 
of all the optical Isomers results from the use of a 
chiral auxiliary [4]. 

Although steric and conformational effects m mono- 
nuclear complexes of quadridentate ligands (Schiff bases 
deriving from salicylaldehyde, 2,4-pentanedione and 
macrocycles), have been widely investigated, few studies 
have been devoted to dinuclear complexes [5-131. 

Experimental 

Synthesis of lgands and complexes 
Reagents and solvents used were commercially avail- 

able reagent quality. The H,L’, HL4, HL5 and H,L8 
ligands were prepared according to published methods 
[I, 14, 151. The methods used to prepare (H4L2)p, 

(HqL2),, (H4L3),,, (H4L3)rr and (H4L3)pp+rr+pr arc out- 
hned in Fig. 2 which contains also a schematic rep- 
resentation of the precursors HL4, (HL6),, H,L’ and 
H,L’. 

HL6 
While the preparation exactly paralleled that of HL4 

but making use of 2,2_diaminopropane instead of di- 
aminoethane, the resulting product was a mixture of 
p and r isomers. Typically, to 1,Zdiaminopropane (10 
ml) in CHCI, (100 ml) was slowly added a CHCl, 
solution (50 ml) of 2,4-pentanedione (12 g) with stirring, 

overnight. The aqueous phase was then discarded and 
the solvent removed to leave a yellow 011, whtch was 
used without further purificatron 

The r isomer (HL”), was obtained by demetallation 
(dimethylglyoxime) of [Ni(L”),Py]ClO, (Py=pyridine). 
This complex was prepared by reacting in ethanol a 
mixture of (HL’) (r +p), pyridine, triethylamme with 
Nr(ClO,),.6H,O in storchiometric amounts, as previ- 
ously described for [NrL4Py]C104 [16]. NMR spectra 
and an X-ray structural determination [17] showed that 
the precipitate appearmg at the end of the reaction is 
only composed of the remote isomer. 

H,L” 
To a stirred solution of diethyloxalate (3 g) in CH,CI, 

(20 ml) was added HL’ (2.14 g). The solution was 
refluxed for 15 min. After coolmg, the resulting white 
powder was filtered off and dried (1.8 g, 72% yield). 
Anal. Calc. for C,,H,,N,O,: C, 59.0; H, 8.2; N, 15.3. 
Found: C, 58.7; H, 8.0; N, 15.0%. 

To H2L8 (1 g) in CH,Cl, (20 ml) was added an 
excess of 1,2-diammopropane (0.6 g). Refluxing the 
solutron for 15 min yielded a white precipitate which 
was filtered off and drred. This precipitate (0.8 g) was 
poured again into CH,Cl, (20 ml) with 2,4-pentanedrone 
(0.4 g) and refluxed for 30 mm. After cooling the white 
powder was filtered off, washed with CH,Cl, and dried 
(0.7 g, 70% yield). 

A solution of (HL”), (1 g) and H,L8 (1.6 g) in CH,Cl, 
(20 ml) was stirred for one day at ambient temperature. 
Addition of diethyl ether precipitated a white powder 
which was filtered off and dried (1.2 g, 55% yield). 

oH 
NH HN 

\ 
NH, Me?NH 2 A 

Me A \NH NH, H,N Me 7 X I 
0 OEt 

HL4 (R=Me) (HL% HZL7 H,LX 
HL’ (R=Et) 

HzL8+ 1,2-dp + acacH = (H,L’), 
(HL6), + H2L8= (H4Lz)r 
H2L7 + acacH = (H,L3), 
(HL6), + ox = (H,L3),, 

(HL%+,+ ox= (HdL3)pp+,,+pr 
1,2-dp = 1,2-dlammopropane; acacH = 2,4-pentanedlone; ox= dlethyl-oxalate. 

Fig 2 Reactlon schemes and hgands used in the synthesis of H,L’ and H,L3 hgands 
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Anal Calc. for C,,H,,N,O,: C, 58.0; H, 7.9; N, 15.9. 
Found: C, 57.5; H, 8.1; N, 15.7%. 

(HJ’),, 
To a stirred solution of 1,2-diammopropane (5 ml) 

m diethyl ether (80 ml) was added dropwise a diethyl 
ether solution (40 ml) of dtethyloxalate (2 ml). A white 
precipitate of H,L’ appeared, it was filtered 3 h later 
and dried (1,s g, 70% yield). 0.5 g of H,L’ and 2,4- 
pentanedione (0.6 g) in CH,Cl, (30 ml) were stirred 
overnight at ambient temperature. Concentration and 
addition of diethyl ether yielded a white precipitate 
which was filtered off and dried (0.7 g, 78% yield). 

@Us), 
A solution of (HL”), (1 g) and diethyloxalate (0.47 

g) in CH,Cl, (15 ml) was stirred at ambtent temperature 
for 24 h. The white precipitate was filtered off, washed 
with water and dried (0.95 g, 40% yield). 

A solution of (HL6),+, (5 g) and diethyloxalate (2.34 
g) m ethanol (50 ml) was gently refluxed for 1 h. 
Evaporation of the solvent gave an oil which was poured 
into dtethyl ether (50 ml) and stirred, giving a white 
precipitate which was filtered off and dried (6.4 g, 55% 
yield). 

Obviously, these three samples gave quite similar 
analytical results. Anal. Calc. for C,,H,,N,O,: C, 59.0; 
H, 8.2; N, 15.3. Found: C, 58.7; H, 8.3, N, 15.0%. 

Complexes 
The same procedure was used for all the complexes. 

Typically, to 0.5 g of ligand in methanol (20 ml) was 
first added a twofold equivalent amount of nickel acetate 
tetrahydrate followed by 0.8 ml of triethylamine. The 
mixture was gently refluxed for 30 min, then cooled. 
The orange-red precipitate was filtered off, washed 
with methanol, diethyl ether and dried (40 to 50% 
yield). Anal. I’, Ni,L”: Calc. for C,,H,,N,Ni,O,: C, 
45.0; H, 5.4; N, 11.7. Found: C, 45.0, H, 5.6; N, 11.4%. 
II, N&L*: Calc. for C,,H,,N,Ni,O,: C, 43.8; H, 5.2; N, 
12.0. Found: C, 43.2; H, 5.3; N, 11.7%. III, Ni,L3: Calc. 
for C,,H,,N,Ni,O,: C, 45.0; H, 5.4; N, 11.7. Found: C, 
44.8; H, 5.4, N, 11.5%. 

Physlcal measurements 
Microanalyses were performed by the Service de 

Microanalyse du Laboratoire LCC, Toulouse 
1D NMR spectra were acquired at 200.13 or 250.13 

MHz for ‘H, at 50.32 or 62.89 MHz for 13C on Bruker 
AC200 or WM250 spectrometers. 1D proton spectra 
were acquired using at least 16K complex data points 
and a spectral width of 1400 Hz. 1D 13C spectra using 
‘H broadband decoupling {*H}13C and gated ‘H de- 
coupling with selective proton irradiation durmg ac- 
quisition were performed with the Bruker WM250 

apparatus, usmg 16K complex data points, a spectral 
wtdth of 16 000 Hz and a recycling delay of 1 s Data 
have been zero-filled to 32K prior to transformation 

2D ‘H COSY and NOESY experiments using standard 
programs were performed on the Bruker WM250 ap- 
paratus. The data were collected with 2K complex data 
points m T, dtmenston using a spectral width of 1400 
Hz and a mixmg time of 1 s for NOESY experiments. 
512 expertments with spectral width of 700 Hz were 
recorded and zero-filled to 1 K in 7Z dimension. For 
each ~~ value, 40 to 64 scans were stgnal averaged 
using 10 s of recyclmg delay 2D pulse-field gradient 
HMQC ‘H-13C correlation using the PFG-HMQC stan- 
dard program were performed on a Bruker AMXSOO 
spectrometer*. The spectra were collected wtth 2K 
complex data points in 7Z using a spectral width of 
5000 Hz. 256 experiments with spectral width of 20 000 
Hz were recorded and zero-filled to 4K m T, dimension. 
For each 7, value two scans were signal averaged. 
Squared-sinebell apodization m both dimensions were 
applied prior to transformation. All measurements were 
made at room temperature. 

Results and discussion 

As described m ‘Experimental’, we succeeded in 
obtaining pure samples of the different isomers, (H4L2)p, 
(HqL2),, (H,L”),, and (H4L’)rr, and their related 
nickel(l1) complexes. Consideration of the reactions 
schemes reported in Fig. 2 shows that the unequivocal 
synthesis relies on the availabihty of two precursors, 
(HL”), and (H2L7), which comprtse methyl substituent(s) 
grafted on the amino chain at well-defined position(s) 
remote from either the pentanedione or the oxamide 
moieties. Indeed reacting 2,4-pentanedione with 1,2- 
diaminopropane yields a mixture of (HL”), and (HL6), 
but, tf the reaction is performed in the presence of 
nickel(B) tons, the only final product isolated is a 
complex of the remote isomer [Ni(L6),B] + or [Ni(L6),X] 
(B is an auxiliary ligand such as Py and X = N3-). The 
hgand (H,L’) is the only product formed in the reaction 
of 1,2-diaminopropane with diethyloxalate. The selec- 
tivity encountered in both cases is likely due to a lower 
reactivity of the NH, group adjacent to the methyl 
substituent and/or steric effects resulting from mter- 
actions of this methyl group with other substituents. 
We failed to isolate a pure sample of (H4L3)pr but 
NMR evidence points to the presence of these species 
in the mixture resulting from the reaction of 
(HL6), + (HL”), with diethyloxalate. 

*The authors are greatly Indebted to Dr M Plotto from Bruker 
Spectrospm France for his kind collaboration 
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Analysu of the ‘H and 13C NA4R spectra 
Ligands H,L2 and H,L3 
Due to the severe overlaps m the I-4 pprn area no 

attempts were made to perform a complete analysis of 
the ligand spectra. In keeping with our aim, the main 
interest of these spectra is restricted to the fact that 
they afford a straightforward characterization of the 
location of the methyl substituent. Indeed the enamino 
and amido NH signals which appear m dmso-d, solutions 
around 10.5 and 9 ppm, respecttvely, display a mul- 
tiplicity (triplet with J=6.0 Hz or doublet with J=9..5 
Hz) characteristic of the nature (CH, or CHMe) of 
the adjacent groups. In accordance with a complete 
deprotonation of the ligands, these signals are lacking 
in the spectra of the complexes. 

Complexes IIP, IIr, Ilr, and III, 
Let us first consider the r3C spectra for which at- 

tribution of the various resonances 1s straightforward 
except for C(l)CH, and C(3)CH,. This difficulty is 
easily relieved by considering I’. Finally the assignments 
retained for the isolated complexes (N&L’, N&L*‘, 
NiZLzp, N&L’,, Ni,L3,, and Ni2L3,,) are quoted in Table 
1. The signals do not show any unexpected multiplicity. 

In the ‘H spectra, the main difficulty in attributing 
the signals is also related to the methyl groups since 
up to four signals are observed between 1.13 and 1.85 
ppm. A coherent proton decoupling off-resonance per- 
formed by centring the decoupler frequency at 1.10 
ppm and then at 1.87 ppm while observmg the 13C 
spectra allows a straightforward attrrbution to the ‘H 
methyl resonances from the known 13C assignments. 
The data are quoted in Tables 2 and 3. 

In complexes II, and II,, the two halves of the molecule 
are inequivalent. As expected the main differences are 

TABLE 1. Chemvzal shifts 6 13C (ppm) vs. TMS 

related to the diamino chains which give an A,X, 
spectrum for the unsubstrtuted moiety and an ABCX3 
spectrum for the substituted moiety. Furthermore the 
6 values charactertzmg the ABCX, depend on the 
locatron, C(4) or C(5), of the methyl substituent as 
does, more surprisingly, C(3)CH3 with a 6 value of 1.82 
ppm in II,, and 1.88 ppm in II, while we observe a 
value of 1.85 ppm m the unsubstituted moiety. 

The two geometrrcal isomers III,, and III,, display 
characteristic spectra which differ in the related S values 
and in the multiplicity of the signals attributed to the 
methyl group of the amino chain. Indeed two doublets 
are observed for C(S)CH, in III,, while C(4)CH, in 
III,, gives a single doublet. The two doublets are 
unambiguously attributable to the rat-(RR,SS) and meso- 
(RS) forms of III,, since a sample prepared from S- 
diammopropane gives one signal at 6= 1.145 ppm. 
Seemingly, in the case of III,,, the unequivalence IS 
too slight to be observed. Furthermore tf a chit-al 
auxiliary, (S) - ( +) - 2,2,2-trifluoro-I-(9-anthryl)- 
ethanol, is added to a solution of III,,, the multtplictty 
of all the signals is Increased. The most conspicuous 
effects are related to C(S)CH, and C(2)H which give 
four doublets and four singlets, respectively (Table 4). 
These two sets of clearly resolved signals are conclusive 
of the presence of the four diastereoisomers (rR, rR, 
sS), (t-S, rS, sS), (rS, rR, sS) and (rR, rS, sS) which 
result from the Interaction of the reagent(s) of chirality 
S with the rat and meso forms of III,,. Less convincing 
data are obtained in the case of III,, since a four-time 
multiplicity is not achieved for any of the signals. As 
before, the largest effects concern the C(4)CH, and 
C(2)H resonances which appear as two doublets and 
two singlets, respecttvely (Table 4). 

CH3 CH, CH C 

1” 3 4 5 4 5 2 4 5 1 3 6 7 

I 23.77 2021 57 08 43 00 100.42 175 83 165.25 168 42 168.42 

I’ 11 91b 20.42 57.58 43 09 98 71 180 29 166.02 168 87 168.87 
30 88’ 

II, 23 78 20 08 22 42 57 02 43.04 100.48 62.51 175 88 165.05 168.81 168 23 
18.90 49 27 

I& 23.80 2011 19 48 57.00 43 02 100.41 49.57 17.5 91 165.32 169.08 168.23 
64.09 

III,, 23.66 19.09 22 68 49.26 100.49 62 92 175 98 164.25 169.73 169.73 

III,, 23.64 20.26 19.38 64.49 100 37 49.90 17.5 79 165.98 169.05 169.05 

IIP 23.64 1908 22.64 19.34 64.58 49.25 100.47 62.88 49.85 175 91 164.22 169.77 
23.59 20 24 22.57 19.41 64.46 49.31 100.32 50.03 175 76 165.98 168 77 

“The numbermg scheme 1s as described m Fig 1. ‘CH, resonance ‘CH, resonance %I = III,, + III,, + III,, 
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TABLE 2 Chemtcal shafts 8 ‘H (ppm) vs TMS 

CH3 CH, CH 

1” 3 4 5 4 5 2 4 5 
- - 

(HA)” (Ht$ (HA)” (H,)” (Hc)~ (Hc)~ 

I 1.803 1 832 

1% 1755 1 849’ 
1 878 

II, 1.755 1.849’ 
1 821 

I% 1751 1 883 

III*, 1.764 1.822 

III’ 1.751 1 822 
1761 1.881 

1327 

1.139 
3.222’ 

3 357 2 827 

1 333 2 675 2.376 

1.141 
1.126 

3.348 2 81.5 

1 331 1.153 
1.141e 
1 127 

3.358 2 826 
3 348 2.816 

2 672 2.376 
2.364 
2 348 

3 209 

3.218’ 

2.748 

-270Cd 
,2 70cd 2 365 

2.68w 

4 870 

4.909’ 3.470 
4 871 

4.909 
4.909 3 100 

4.874 3.512 

4 909 3.100 

4 873 3 510 3.103 
4 908 3.498 3.096 

“The numbermg scheme IS descrtbed tn Ftg 1. bThe protons of the dtammo cham are labelled accordmg to the scheme 

N-C(H,)(H,)-C’(Hc)(CH,)-N wtth 6(H,) > 6(H,). ‘Related to the unsubstttuted motety of the complex. ‘Overlapping stgnals. 
ePractically twice as intense as the nearby stgnals. ‘III = III,, + III,, + III,,. 

TABLE 3. Couplmg constants “J(H-H) (Hz) tn the ammo chains 
N-CH,Ha-C(CH,)H,-N 

*J(H,Ha) 3JWc=3) ?I(Ha-Hc) 3J(H,-Hc) 

II,, 13.6 6.5 GO5 6.2 

H, 13 0 4.3 26 6.8 

III, and p 13.5 6.5 605 6.1 
part of III,, 

III,, and r 13 1 64 2.5 67 
part of III,, 

Complex HIP, 
As previously noted, we did not succeed in isolating 

a pure sample of III,,. Nevertheless the ‘H and 13C 
spectra of III obtained from (H4L3&+ rT + p’ as described 

m ‘Experimental afford convergent proofs of the ex- 
istence of this species. The ‘H spectrum of III comprises 
ten clusters of signals (Fig. 3 and Table 2). This pattern 
is roughly consistent with the simultaneous presence 
of III,, and III,,. However a closer examination shows 
that several clusters are more complex than expected 
for a mixture of III,, and III,, alone. The highest 
multiplicity affects the C(S)CH, resonance which ap- 
pears m the undecoupled spectrum as a pseudo-quin- 
tuplet. Selective irradiation of the cluster centred at 
3 1 ppm causes the pseudo-quintuplet to merge into 
a pseudo-triplet with unequal separations (3.0 and 3.6 
Hz) of the components and a central signal twice as 
intense as the lateral signals. Besides, we know from 
2D experiments (vide infra) that the C(S)CH, protons 
are only coupled with the related C(5)H so that we 

TABLE 4. Influence of a choral auxihary ((S)-( + )-2,2,2-trtfluoro-l-(9-anthryl)-ethanol) on the chemical shifts 6(‘H) (ppm)” 

Wtthout auxthaty Wtth auxtltary 

“‘W C(4)CK 1.333 1.183, 1.228 
C(2)H 4 874 4 772, 4.790 

III,, C(5)CK 1.126, 1.141 1.065, 0.976, 0 946, 0 923 
C(2)H 4 909 4.827, 4.812, 4 782, 4.725 

IIIC C(4)CH, 1.331 1 241b, 1.227, 1.184, 1.171b 
C(5)CH, 1.127, 1.141, 1.141b, 1.153b 1.136b, 1.099b, 1065, 1 032b 

0 986, 0.961”, 0.945, 0.924 

C(2)H 4.908, 4.873 4.854, 4.829, 4.817, 4.808b, 
4 785, 4 775, 4.754, 4 692b 

“All the soluttons contain -0.02 mM of complex m 0.5 cm3 of CDC& and, eventually, 0 1 mM of chiral reagent. bAttributable 

to III,,. ?I1 = III,, + III,, + III,,. 
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. __~j --7y-4 
20 PPM 10 

Fig 3 ID ‘H NMR spectrum of (III,,+III,+ III,,) m CD,CI, 

suggest that the pseudo-triplet results from the presence 
of four singlets, two of them being fortuitously degen- 
erate. The signal at 1.127 ppm and one of the degenerate 
signals (1.141 ppm) are obviously attributable to the 
rat and rne~~ forms of III,, and we suggest that the 
two remaining signals (1.141 and 1.153 ppm) are due 
to the two dlastereoisomerlc pairs (pR, rR; pS, rS) and 
(pR, rS; pS, rR) of III,,. This assumption is supported 
by the spectral pattern observed for the C(4)CH, and 
C(S)CH, resonances after addition of the chiral auxiliary. 
From a comparative study of the spectra obtained with 
and without decoupling the related C(4)H and C(5)H, 
it results that we have two partly overlapping multiplets. 
The first one lies from 0.90 to 1.15 ppm and comprises 
eight doublets while the second extends from 110 to 
1.24 ppm and contains four doublets (Table 4). Clearly 
the eight doublets arise from the presence of the eight 
expected diastereoisomers; (rR, rR, sS), (rS, rS, sS), 
(rR, rS, sS) and (rS, rR, sS) from III,, and (pR, rR, 
sS), (pS, rS, sS), (pR, rS, sS) and (pS, rR, sS) from 
III,,. Obviously III,, does not contribute to this mul- 
tiplet. As yet noted for the isolated III,, complex, the 
multiplicity of C(4)CH, is lower than expected. It may 
be noted that eight signals are observed for C(2)H 
while the resonances of C( l)CH, and C(3)CH, comprise 
six clearly resolved signals and several ill-defined 
shoulders. 

The attributions reported in Table 2 are further 
supported by COSY and NOESY 2D experiments per- 
formed on a sample of III. With reference to the 1D 
spectrum represented in Fig. 3, a COSY chart shows 
two series of connections between the clusters wlthout 
any connection between the series. These connectlons: 

(i) (Me, 1.1 ppm)*(H,, 3.1 ppmk (H,, 3 1 
ppm)e (H,, 2.8 ppm) and (HB, 2.8 ppm) ++ (HA, 3.3 

ppm) 

(Ii) (Me’, 1.3 ppm)H(H’,, 3 5 ppm); (Me’, 1.3 

ppm) f-f (Hr._,, 2.7 ppm); (HL, 3 5 ppm) * (HL 2.4 ppm) 
and (HI*, 2.7 ppm) H (HrB, 2.3 ppm) 
confirm the presence of two main types of amino chains 
which, from NOESY data , differ by the location of 
the methyl substltuent. Indeed we observe NOESY 
connectlvities between, on the one hand, the clusters 
centred at 1.88 and 3.50 ppm, respectively, and, on the 
other hand, the clusters centred at 1.82 and 2.81 ppm, 
respectively. This clearly corroborates that the clusters 
at 1.88 and 1.82 ppm are due to the C(3)CH, protons 
in III,, (or m the p part of III,,) and in III,, (or in 
the r part of III,,), respectively, while the clusters at 
3.50 and 2.81 ppm must be attributed to the methine 
protons C(4)H in III,, (or p part of III,,) and to one 
type (H,) of the methylemc protons C(4)H, in III,, 
(or r part of III,,). 

The IH decoupled 13C spectrum of III shows twenty- 
three separate signals whereas a mixture of III,,+III,, 
1s expected to give, at most (Table l), eighteen signals. 
This discrepancy is strongly remmiscent of that observed 
for the ‘H spectra and both are consistent with the 
presence of III,, in the mixture. A firm and complete 
attribution of the 13C resonances is deduced from a 
comparison with the III,, and III,, spectra, from a 
consideration of the multlphclty of the signals in the 
‘H-coupled 13C spectrum and from a 61H--613C cor- 
relation experiment which points to connections between 
the various clusters of ‘H signals and the 13C signals 
(Fig. 4). The resulting assignments are quoted m 
Table 1. It appears that to each carbon nucleus of the 
dlamino chains, except C(4)H, correspond two siightly 
different signals. This indicates that each ammo 
chain, N-C(4)(Me)H-C(S)H,-N and N-C(4)H,- 
C(S)(Me)H-N, occurs m the mature under two forms. 
In keeping with the feeble differences observed, it may 
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Fig. 4. 20 NMR ‘H-13C correlatlon chart for (III,, + III,, +III,,) 
m CDZCl,. 
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be assumed that each pair of forms results from the 
association of one cham either with itself to give III,, 
or III,, or with the other type of chain to give III,, 

Conclusions 

From the data quoted in Tables 1 and 2, it appears 
that the ‘H and 13C chemical shifts afford clear dis- 
tinctions between the geometrical isomers, III,, and 
III,,, and provide evidence for the existence of III,,. 
As for the optical isomers, in achiral medium we can 
differentiate between the rut and WESO forms of III,, 
and between the diasteroisomeric pairs (pR, rR; pS, 
rS) and (pR, rS; pS, rR), of III,,. As expected, char- 
acterization of all the enantiomers can be only performed 
in the presence of a chiral auxiliary. It may be noted 
that the most significant differences between geometrical 
isomers on the one hand and optical isomers on the 
other hand are observed for the nuclei of the dlamino 
chains. Before propoundmg a rationahzation of these 
effects, let us consider the couplmg constant values 
characterizing the protons of the diamino chains (Table 
3). It is generally accepted that the vicinal coupling 
constants 3J(HH) in a -C(H,)(H,)-C(H,)R- fragment 
depend on electronic and geometric parameters [18] 
In closely related compounds such as III,,, III,, and 
III,,, the significant parameters are the dihedral angles 
6 AC and e,C so that the 3J values provide significant 
information on the conformation of the five-membered 
chelate rings. The values observed in the present work, 
i.e. 3.Jsc G 0.5 Hz, 3J,c N 6.1Hz for III,, and the p moiety 
of III,, and 3JBc = 2.5 Hz, 3JAc - 6.7 Hz for III,, and 
the r moiety of III,, considered together with data 
obtained for similar complexes [19, 201 lead to the 
conclusion that in any case the five-membered ring 
adopts a preferred conformation placing the methyl 
group in axial position. In quadridentate Schiff bases 
involving a methyl substituted diamino fragment, the 
methyl substituent is reported to be axial [5, 61. There- 
fore, according to the chirahty, R or S, of the asymmetric 
carbon C(4/5), the chelate ring is in a 6 or A gauche 
conformation. It is also concluded that the H, nucleus 
characterized by a chemical shift larger than that of 
H, is the axial methylenic proton. 

The slight differences between the coupling constants 
of III,, and III,, (and the related moieties of III,,) 
are likely due to feeble but significant distortions of 
the chelate ring which depend on the position of the 
methyl substituent. From the Karplus equation it can 
be shown that when going from C(4) to C(5), the methyl 
group moves away from its axial position. This suggests 
that the axial location of C(4/5)CH, is due to a non- 

bonded interaction with C(3)CH,. The steric constraint, 
large when the substituent is tied on C(4), would be 
partly relieved on moving to C(5) allowmg a trend of 
the methyl group towards an equatorial location. This 
rationale is consistent with the chemical shifts pattern. 
It 1s generally accepted that protons m a sterlcally 
compressed environment experience low-field shifts. 
Actually we observe (Table 2) that C(4/5)CH,, C(4/ 
5)H and C(3)CH, display higher chemical shift values 
in III,, than in III,, while the reverse occurs for the 
methylenic protons (HA and HB). These trends could 
be reinforced by the magnetic anisotropy of the C=O 
groups of the oxamide moiety which is expected to 
increase the shielding of C(5)CH3 and C(5)H in the 
r (or rr) Isomer more than that of C(4)CH, and C(4)H, 
respectively, m the p (or pp) isomer. This effect could 
also explam why C(S)CH, and C(5)H give separate 
signals for, on the one hand, the rat and me.so forms 
of III,, and, on the other hand, the two diastereoisomeric 
pairs of III,, whereas single signals are observed in 
the case of C(4)CH, and C(4)H. 
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