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Ahairad-!klectivity in the ‘H-“C correlation for assignments of “C spectra is enhanced by recording single 
frequency off-resonance “C NMR spectra with low decoupling ficld strength ( l 2Jo). distortion of ri@ patterns is 
avoided by submitting the spin system lo a previous noise broad band decoupling. Correhtion is oblained by 
comparison of observed and simulated 2-D spectra (8 “C vs decoupler frequency) joined to fitting of the curve 
Ja = f (decouplcr frequency) with the equation of Freeman and Anderson.’ 

Single Frequency Off-Resonance Decoupling (SFORD) is 
one of the most widely used techniques for the assign- 
ment of “C signals. Usually, its application is restricted 
to the separation of quaternary carbons, CH. CH2 and 
CH, groups according to their signal multiplicity. Actu- 
ally the off-resonance spectrum contains more precise 
information, through the measure of the “residual split- 
ting” JI which is given by the equation of Anderson and 
Freeman:’ 

Jn= ,/((hf-fJ.)l+~)-,/((Af+fJ~)z+~) 

(1) 

where Af is the difference between the proton chemical 
shift 1’ and the decoupler frequency f2, Jo is the 
heteronuclear one bond coupling constant (“C-‘H) and 
D is the decoupling field strength (D = #Hz). 

Provided that Jo and D are known and JI is measured, 
Af and f’ may be calculated. Then the comparison of fl 
with ‘H chemical shifts furnishes a IC-‘H correlation. 
Generaly the ‘H spectrum is much easily assigned, and “C 
assignments are deduced from it, but the reverse may also 
be useful. 

Accord5 to this scheme, several methods have been 
described which often use a simplified relationship 
between JR and Af:“’ 

(3) 

Recently we reported briefly in a preliminary com- 
munication: the assignment of the “C spectrum of the 
ionophorous antibiotic lonomycin (Fii. 5). We noticed 
that the methods already described were not well suited 
to the study of large molecules because of the poor 
selectivity in the determination of ‘H chemical shifts. 

We report in this paper, a technique of correlation 
“C&H, specially effective in the field of natural 
products. The assignment of the “C spectrum of the 

antibiotic lonomycin is described and used to illustrate 
the method. 

RUUILIV 
Low Power Single Frequency w Resonance ~cOrrp!ing 
(LPSFORD) 

From Fig I which displays the dependance of JR 
versus decoupler offset at different decoupling powers, it 
can be seen that increased sensitivity of Jn to the.varia- 
tion of Af, and therefore selectivity enhancement in 
‘H#“C correlation is obtained for low Af and decoup- 
ling strength (Dj values. For example, when Af = Jo, if 
D = 2 Jo is used instead of 4 JG AJdAf is multiplied by 
2.5. This advantage is rapidly limited by the apparition of 
anomalous lines’ intensities, higher multiplicities (up to 
I6 lines for a CH, group), and even transitions in emis- 
sion let2 (Fig. 2a). These perturbations could make the 
determination of the residual splitting JII impossible at 
low decoupling strengths. 

According to Bain et al.,“part of this phenomena may be 
explained by population effects coming from two factors, 
the tilting of the effective field in the rotating frame and the 
relaxation effect. 

As suggested by Freeman ef ul.,” we submitted the 
spin system to an incoherent proton irradiation which 
completely moditks the spin’s populations just before 
excitation pulse, acquisition being recorded under low 
power single frequency off-resonance decoupling 
(LPSFORD). Comparison of spectra recorded in 
LPSFORD conditions, with and without preliminary 
noise broad band decoupling (e.g. Fi. 2a and 2b) shows 
that the “preparation” of the spin system restores the 
usual off-resonance pattern. The reduced splitting Jn may 
be easily measured, giving a better precision of the 
determination of the related proton chemical shifts. Ac- 
cording to this technique, we have recorded several 
LPSFORD spectra (Jo4 DQ 2Jo), no sigakant dis- 
tortions of the signal patterns have been observed (e.g. 
Fig. 3a). 

lktennination of r/u connected ‘H chmrical sKfts fl 
From equution[l], it is theoretically possibte to obtain 

Af and fl by colkcting Jn from only one or two 
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I$ 3. (a). 8 = I4 ppm region of the observed LPSFORD “C NMR spectrum of lonomycin @ = 243 Hz, fx = 
342 Hz); (b) Siiulxted spectrum using Table I values; (c). Simulated spectrum using Table I vdues. except that 

uaignments of Cm mnd Ca xre excbm@. 

1,-1:.0tl* f, - f: z 8oM. f,-1:;200*. 

Fig. 4. 2-D representation (6 “C vs fd of CHI signal patterns with various protons chemical shift ditkrences 
(f, - f;) (D = 250 Hz, Jo = I25 Hz). 

equivalent and the corresponding independant residual 
coupling constants are computed (Fig. 4). 

On the practical example reported on Fig. 3 it can be 
seen that the simplified simulated spectrum is highly 
stdkient to identify the signal patterns. for example the 
inversion of the assignments of the carbon 39 and 40 of 
lonomycin is easily detected. 

We must underhne that the computational time needed 
for the simulation of a twenty carbons SFORD spectrum 
is in the order of a few minutes. At this stage the 
connection scheme of even signals (CH. CHx groups) is 
well established. On the other hand the identification of 
tbe CHx groups, by comparison of observed and simu- 
lated spectra is ditkult and time consuming because a 
CH, which bears non-equivalent protons give much 
complicated signal patterns (Fig. 4). Moreover the 

assignments of CH2 signals in the ‘H spectrum are 
sometimes less accurate tban those of CH and CH,, or 
even impossible. 

(5) Most signal patterns are now assigned. Thus it is 
possible to recognize the unidentified signals and to 
extract the curve Jn = f(fx) for each of it. This curve is 
fitted with the equation[l] by a ctastical least square 
method,” the values of the proton chemical shifts fr and 
“C-‘H coupling constants Jo are obtained. It must be 
noticed tbat the precise Jo’s values of previously identi- 
tkd signals (Stage 4) can be obtained in the same manner. 

(6) A very efkctive verikation of the total assignment 
can be made if the observed 2-D spectrum (6 “C vs fx) is 
compared with the simulated one which was computed 
from final f,‘s vahxes and from Jo’s valuer cakuiated at 
stage 5 (see Figs. 7 and 8). 
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Table 1. Comparison of the ‘H chemical shifts (2SOMHz) obtained from experimental spectrum and from 
computation-simulation 

‘ 

“C (pm) 

‘ I 
‘t @Pan) 

1 15 10 5 

F@ 7. (a). 8 a 14 ppm region of the 2-D “LPSFORD. ” “C NMR spectwn of lonomycin (“C chemical shift vs 
decoupling frequency), (b). Simulakd spectrum. 
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FL. 8 (a). 20=4Oppm tqion of the 2-D “LPSFOW “C NMR spectrum of lonomycin. (b). Simulated spectrum 
(except for Cl5 and CIV signals which are not represented). 

Tabk 2. Chemical shifts of the “C and related ‘H of the lonomycin sodium salt (in ppm from TM). Attributions 
with * and + can be respectively reversed 
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attributions of Seto et a/.“ The complete assignment of 
the “C NMR spectrum of lonomycin is reported in Table 
2. 

The preparation of the spin system, by hi power 
noise decoupling, before the LPSFORD experiment al- 
lows the use of low decoupling power which give its high 
sensitivity to the described method. The comparison of 
the observed and simulated 2-D spectra (6 “C versus fz); 
joined to the fit of the curve Ja = f (f,) with equation[ll 
give it the self-consistency. However it remains a routine 
technique because of the very short computational times 
needed by its conversational program. 

This method should be a highly attractive counterpart 
to the well known but dangerous empirical chemical shift 
correlation between model compounds. 

u?F.nMENrAL 
The spectre at Ik in CDCll were obtained on a 2SOMHz 

CAMECA aooaratus. eauiooed with a NICOLET I180 comDutcr. 
Mod&at& of the proion’iecoupler was provided in the fOllow- 
ing way: dccoupler power supply volw was switched between 
various levels adjusted by potentiometers. Pulses originally used 
for held gradient spoiling were used to select the various voltngc 
kvels. The obtained switching time was =, SO ps and dynamic = 
40dB. 
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