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Enantiomeric excess determination of some chiral sulfoxides by NMR: 
use of (S)-Ibuprofen® and (S)-Naproxen® as shift reagents 
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Abstract: The well lmown drugs (S)-Ibuprofen and (S)-Naproxen were used as NMR shift 
reagents for the stereochacal analysis of alkyisulfoxides. It was shown that (S)-Naproxen 
could be worthwhile substituted to (S)-MPA or (S)-2-NMA for the stereochemical analysis of 
some chiral alkyl sulfoxides. © 1997 Elsevier Science Ltd. 

Among the large range of  ~hift reagemts used for the ste~eochen~cal analysis of  optically active 
compounds, a few were successfully reported for the emmtiomeric excess det~t~.*tinn of sulfoxides]. For 
instance, the a-methoxyarylacx~ic a~ds were very successful as shift reagants for the stereochenacal analysis of 
long-ch,in aliphatic seconda~ alcohols or sulfoxides 2. In the course of  our plant oleoyl desaturase 
investigations, we previously leported the synthesis of  thiaoleiz acids end demonstrated the inhibitory effect of 
13-thiaoleic acid on the desaturase activity 3 . Moreover, these sulfitr-containin$ oleic acid analogues appeared 
to be converted to the corresponding sulfoxides 1 by the gree~ algae Chlorella sorokmiana (Scheme 1). 
Consequently, we rec~ttly reported the use of  (S)-a-methoxypheayl and (S)-a-methoxy-2-naphthyl acetic acids 
(respectively (S)-MPA and (S)-2-NMA) 't, in C6D 6 as ]qMR solvellt, for their stereochemical analysis. 

1. Chlorella soroklntana 0 
S 10 9 ioi 2. CHN2TMS ~ O 

In+n=8, n>O,m >0 re+n=6, n>O,m >0 1 

Scheme 1: Oxidation ~£thiaoleic acids by Chlorella soroldniana 

The chemical ~if t  effects of  (S)-MPA and (S)-2-NMA both in IH- and 13C-NMR spectra were 
evaluated by the use of  our chiral sulfoxide models 2a and lb .  
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However, complete configurational determination of  the S-oxide thiaoleic acids could not be achieved 
with (S)-MPA. More interesting results were observed in prellminary experiments conducted with (S)-2-NMA, 
certainly because ofthe long range effect on the chemioal shifts of  CH 2 along the alkyl chain. Thus (S)-2-NMA 
shift reagent behaviour was characterized by anisotropic effects ~imilar to those of  (S)-MPA but the methyl 
signal was the only one fully differentiated between both eaantiomers 2a and 2b (Fig. 1). It should be underlined 
that such optically active compounds (1-NMA, 2-NMA) are difl%ult to obtain in high optical purity 2 and 
involve either tremendous enantiomers resolution or ohiral phase separation 5. 

Among the most commonly prescn~oed members of  non-steroidal anti-infl*mm*tory drugs, the 2- 
arylpropionic acids, (S)-Naproxen and (S)-Ibuprofen 6 (Scheme 2) are of  interest as NMR shift reagents because 
ot~ firstly their ~imilar structures and secondly their attractive price compared to the expensive commercial 
MPA 7. In this paper, we desedbe the results of  the configurational analys~ of  our models and target sulfoxides 
by the use of  soch optically pure compounds. 

(S)-MPA (S)-2-NMA 

COOl ~ C ,  OC~ 

(S)-Ibuprofen (S)-Naproxen 
Scheme 2: Arylacetic acids used as NMR shift reagents on our sulfoxide model. 

In a first experiment, we observed the effect of(S)-Ibuprofen and (S)-Naproxen on the difference of the 
chemical Miffs between e=~mtiomers 2a and 2b, in 1H-NMR spectraS. The resolution of  the signals are not 
complete in the case of  Ibuprofe~ but most of  the emmtiomers signals appear differentiated when Naproxen is 
used as shift reagent (Table 1). 

Table 1: F.fi~ect of the shift rea~nt on the malsnitude of the non-equivalence in IH-NMR spectra of 2a and 2b. 
I s ( z o )  - 

lbuprofen 
~2b)l 
Naproxen IH Position MPA 

1 n.m 0.016 0.015 
n.n~ 0.022 0.022 

2 0.017 0.025 0.026 
3 n.m 0.023 0.034 
4 n.m 0.031 0.032 

n.m 0.010 0.022 
5 n.m 0.025 0.037 

n.m 0.015 0.022 
6 n.m. n.m n.n~ 
7 n.m n.m n.m 
8 0.011 0.023 0.018 

n.nt : not measurable due to overlapping signals. 
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In order to better appreciate such effects, figure 1 iUustrates the splitting of  the methyl signals in IH- 
NMR spectra of  the racemic butylbutene sulfoxide 2 in C6D 6 using (S)-Ibuprofen and (S)-Naproxen, compared 

to the MPA reagent and to the previously studied (S)-2-NMA 3. 

The triplet CH 3 signals appears splitted 

in both cases but a stronger effect on AS is 
observed with (S)-Naproxen. On our racemic 
sulfoxide model, (S)-Naproxen could thus be 
worthwhile substituted to (S)-MPA and with 
¢imilar success as the efficient (S)-2-NMA. 
Consequently, we observe the effect of (S)- 
Ibuprofen and (S)-Naproxen in comparison 
with MPA and 2-NMA, on the difference of 
CH 2 chemical ~hii~s between enantiomers 2a 

and 2b, in 13C-NMR (Table 2). Whereas the 
signals relative to the two ct-CH 2 (C 4 and C5) 
are less split than with MPA, Naproxen seems 
to exert a longer distance effect on the alkyl 

12 e 4 o -4 -8 -12 chain. However, it should be noticed that (S)- 
Hz 2-NMA caused an enhanced effect on the AS of 

Figure 1. Splitting of the 1H-NMR CH 3 signalwith added shiR reagent, the distant carbons e l ,  C2, C 7 and C 8. 

Table 2: Effect of the shift reagent on the magnitude of the non-equivalence in 13C-NMR spectra of 2a and 2b. 

18(2a)-f(2b)l (pp= 
13C PoJition Ibuprofen Naproxen 

1 0.0113 0.0190 
2 0.0113 0.0227 
3 0.0265 0.0265 
4 0.0265 0.0265 
5 0.0227 0.0228 
6 0.0114 0.0152 
7 0.0114 0.0152 
8 0 0.0189 

MPA 
0.0152 
0.0228 
0.0342 
0.0266 
0.0265 
0.0152 
0.0227 
0.0076 

2-NMA 
0.0303 
0.0265 
0.0303 
0.0228 
0.0227 
0.0114 
0.0190 
0.0227 

Consequently, soma experiments, conducted on our real targets (sulfoxides from thinoleic acids) lead tO 
the same observations, as shown on figures 2 and 3 in the case ofthe methyl S-oxide- 13-thiaoleate 3.  

8o 
~ 9 ~ v * v ~ O M e  

18 14 12 10 
3 

(S)-Naproxen appears more efficient than (S)-MPA on the methyl end signal splitting (Figure 2) whereas 
the differentiation is better achieved on the C12 and C14 carbons with (S)-MPA (Figure 3). As previously 

suggested 2d, the naphthyl ring may produce a much wider-range anisotropic effect on the protons and the 
carbons of  the chain than the phenyl ring might do. 



7878 

13.0 ppm 12.0 13.0 ppm 12.0 
FiBure 2 : 13C signal of the CH 3 ((218) with a) MPA orb) Naproxen. 

51.0 ppm 50.0 49.0 51.0 ppm 50.0 49.0 
Figure 3 : 13C signals of the CH2S (C12 and C14) with a) MPA or b) Na~n-o, ten. 

In conclusion, (S)-Ibuprofen and (S)-Naproxea tested on our sulfoxide model, proved to be valuable 
NMR ~ reagents and (S)-Naproxea was successfully and ec~nomicadly used for the eonfigurational analysis 
of  the dlalkvlsulfoxides with complex spin systems such as methyl S-oxide 13-thiaoleate. 
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