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Abstract 

(R)(-)-N-(3,5-dinitrobenzoyl)-a-phenylethylamineisa good chiral shift reagent for sulfoxides 
suchas Ar-(SO)-CH (Ar=substituted phenyl,naphthyl)orR-(SO)-CH (R=t-Bu,Cyclohexyl,n-Octyl). 
1-Naphthyl propy13sulfoxidewas also successfully resolved.The zharpness of the signaTs allows 
to measure e.e.'sinthe range of 90%. Twenty-five examples are given. 

Chiral sulfoxides are taken increasing importanceinorganic synthesis 
1-3 . However,in many ca- 

sesthemaxfmum specific rotationofthese compounds is unknown. ‘Chromatographic methods using 

chiral phases are efficient 435 ,but they usually need an aromatic groupas partofthe sulfoxide 

structure.Optically active solvents60rlanthanide chiral shift reagents are very useful innmr 

analysis,particularly Eu(hfc)3 where hfc standsfor(n-heptafluoropropyl)hydroxymethylene-d- 

camphorato 
7-9 

.This reagent applies to various kinds of sulfoxides butthereis often peak broade- 

ningandincomplete separation anditis difficulttoaccurately measure high enantiomeric exces- 

ses (%90% e.e.).Recently,we discoveranefficient methodofasymmetric oxidationofsulfides of 

wide applicability 
10 ,andwewere facedtomeasure e.e. of various sulfoxides,manyofthemnotpre- 

viously resolved.We found that (R)-(-)-N-(3,5-dinitrobenzoyl)-cl-pBBflYfdt~yTamtae.lactsa chiral - 
shift reagentinnmr when used in CDC13 or CC14. 

Both enantiomersofthe reagent are easily obtained from commercially available starting mate- 

rial,(R)or(S)-d-phenylethylamine.Thus (+)-1-phenylethylamine (Fluka) isquantitatively acyla- 

tedby3,5-dinitrobenzoylchloridein CHC13in presenceofpyridine and iis obtainedin90% yield, 

((a);!= - 17.5' (0.9,acetone),mp = 158-160°C) aftera filtration (ether)onneutral alumina.When 

the commercial starting material is not optically pureitis necessarytorecrystallize the pro- 

duct till constant specific rotation. 

(R)-2a ((a):'= + 9.2" (P,EtOH),mp = 228°C) was also prepared,as wellasthe amides 2&,& and - 
11 

C6H5CH(CH3)NHCOR (R=CH3,CF3) . 

Preliminary essays using racemic methyl phenyl sulfoxide (0.15M)and 2 equivalents of2inCDC13 _ 
show in 'H nmr (1OOMHz)a non equivalenceofthe methyl sulfinyl groups.The peak separations 

expressed in Hz) are 1.5,2.3,3.2 for 2b,ZcandZa respectivelywiththe clear advantageofan,al- -- - 
mostnoenlargementofthe peaks comparedwiththeoneobservedwhen europium complexes are used. 

We selectedtheamides withthedinitrophenyl moiety as the bestforthe chiral shift reagents.We 

found thatlis easier to use thanthenaphthyl analogsgbecauseofits better solubility. Igives 

satisfactory results in CDC13 usingonemolar equivalent amountperequivalentofsulfotide.Ifit 

is necessarytoincrease the peak separation,more reagent can be further added (see notehin Ta- 
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ble l).The standard conditionsforenantiomer analysis are the following : the sulfoxide is dis- 

solved in CDC13 (O.lO-0.30M) ,ne equivalentofreagentis added and 1 Hnmris recorded.Some re- 

sults are listed in Table l.Examplesofspectra are indicated in figures 1-4. 

The method tolerates many functional groups and applies very well tovarious kindsofmethyl sul- 

foxides.The only cases with no peak separation were methyl-4-pyridyl sulfoxide andp-(C02Et)phe- 

nyl methyl su1foxide.Th.e methyl group is useful but not indispensable,thus 2-naphthyl-n-propyl 

sulfoxide couldbeanalyzedbyseparationofthe proton at CIonthe naphthalene ring.Whenpossible 

it is bettertouse CC14as solvent,thus racemic methyl p-tolyl sulfoxide and (+)-2c (1:l) gave 

a methyl peak SeparationatlOOMHz of2.3Hzin CDC13 andof5.4Hzin CC14.No separation was ob- 

tained in CD3CN. 

Eu(hfc)3 gave poor peak separation for manyofthe sulfoxides tried,especiallyinthe caseswith 

high e.e. where accurate measurements were difficult.In some cases (methyl-4-nitrophenyl sul- 

foxide,methyl-4-pyridyl sulfoxide,methyl-2-pyridyl sulfoxide,..) no separationatallwas obser- 
12 

ved with Eu(hfc)3 becauseofthe enlargement of the peaks . 

The originofthe non equivalence between sulfoxide enantiomerswithior2 presumably lies in the 

formationofcomplexes becauseofhydrogen bonds betweenthesulfinyl and the NH groups.Charge 
13 

transfer could also operate to some extent . 

In conclusion,iis a simpleandinexpensive chiral shift reagentforroutine enantiomeric analy- 
14 

sis of many sulfoxides . 
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TABLE 1 

Enantiomericexcessesofsulfoxides RI-(SO)-R2measuredby'Hnmr, withlorg as chiral shift rea- 

gentsa. 

Rl ' R2 
’ Chiral ' as(HzJc ' 
reagent 'l/2 (Hz'c ’ (a)D(acetone) ' e.e. (%I 

e-to1y1 

e-nitrophenyl 

e-CH,OH phenyl 

p-OH phenyl 

2-pyridyl 

!YC8",7 

t-Bu - 

c-C6H,2 

Ph(CH233 

2-C10H7 

2-C10H7 

2-C10H7 
LFto1y1 

e-to1y1 

phenyl 
II 

I, 

,I 

LFto1y1 
II 

e-bromophenyl 
II 

benzyl 

ethyl 

n-propyl 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

n-Pr - 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me, 

Me 

Me 

Me 

Me 

;b 

Tb 

ib 

Yb 

Yb 

Tb 

Yb 

Ib 

Tb 

Tb 

Yb 
,i,j 

Tk - 
2af,h 

$h 

&h 

,g 

Gf 

,s 

zg 
2cg,i 

Gg,i 

cs 
Gg,, 
- 

6.5 

4.4 

5.7 

8.1 

9.5e 

4.4 

5.3 

5.2 

4.4 

4.7d 

10.0 

5.7 

5.0 

7.0 

3.2 

1.5 

2.3 

7.7 

2.3 

5.4 

2.4 

6.1 

4.6 

5.7 

6 

1.3 

1.6 

1.3 

1.8 

5.5 

1.4 

1.0 

2.6 

1.4 

1.6 

1.8 

4.4 

1.3 

1.3 

+ 131" 

+ 77.1" 

+ 77" 

+ 45" 

+ 34" 

- 44" 

- 15" 

- 44.5" 

- 29" 

+ 120" 

+ 127" 

+ 40" 

+ 128" 

+ 128" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90 

77 

76 

50 

57 

7, 

53 

54 

50 

85 

90 

24 

88 

88 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a) 

b) 
cl 

d) 

e) 

f) 

9) 
h) 

i) 
j) 
k) 

One mol equivalent unless stated. 

Measurement at 400MHz in CDC13, (RI-(SO)-R2) = 0.10-0.30 M. 

~6(Hz) is the separation between the signals of two enantiomers. The major peak is at lower 

field. A,,2(H~) is the width at half height for the signal of the major enantiomer. 

0.5 mol equivalent of reagent 

In CDC13 + 10% Ccl4 

Measurement at IOOMHe in CDC13 

Measurement at IOOMHzin Ccl4 

2 mol equivalent of reagent 

1.6 mol equivalent of reagent 

Measurement at 250MHz in CDC13 

Measurement at 250MHz in CC14 
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