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The title compounds were found to be useful as a chiral shift
reagent in lH NMR spectroscopy to determine enantiomeric purity of
amines, alcohols, sulfoxides, selenoxides, phosphine oxides, phos-
phinates, and arsenoxides. It is also reported that the induced
chemical shift difference increases when the title compound is

used together with the typical chiral shift reagent, Eu(hfc)3.

Previously, we reported that the optically active host compounds, 2,2'-di-
hydroxy-1,1'-binaphthyl (1) and 1,6-di(o-chlorophenyl)-1,6-diphenylhexa-2,4-diyne-
1,6-diol (2), recognize the chirality of a wide variety of guest compounds in the
host-guest complex, and the host compounds can be used for an efficient optical
resolution of a guest compound by complex formation.l)

Recently, we have found that the complex formation and the chiral recognition
occur not only in the solid state but also in solution. The chiral recognition in
solution was detected by 1H NMR spectroscopy. Finally we found that k and % are
useful as chiral shift reagents for determining the enantiomeric purity of a wide
variety of organic compounds. It was also disclosed that the induced chemical
shift difference increases when A or 2 is used together with the typical chiral
shift reagent, Eu(hfc)3 compared to the case when the host compounds or Eu(hfc)3
is used separately.

The relationship between chemical shift values and host:guest molar ratio is
shown in Tables 1 and 2. In all cases except the entry 8 in Table 1, signal is
splitted by addition of one or two molar amounts of the shift reagent, and the
splitting is large enough to determine enantiomeric purity of the guest compounds.
Even in the case of the entry 8 in Table 1, a splitting occurs by addition of
three molar amounts of,k% (Table 1). Of course, kk and %R can also be used instead
of k% and kk' respectively. The host k is effective to the guest compounds
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Table 1. Relationship Between Chemical Shift value?’ and

Molar Ratio of the Host Compound kg to the Guest Compoundz)

Chemical shift § (ppm)

Entry Guest compound Molar ratio of the host to the guest
0 1 2
2.317
1 CH CHCH ,CH 2.806 2340
NH
u 2
0.640
2 (z 0.958 0.683
5 CHjz
1.124
3 PRCH-CH 1.377 Ties
NH,,
1.467
4 PRCHCH ,CH, 1.833 Ties
NH,
1.235
5 2-Naph-CH-CH; 1.450 11233
NH
Ph 2 4.860 4.783 4.680
6 CHCH, ) ) 2o
bu
4.627
7 m=To1-CHCH,, 4.747 4.700 4 eel
H
8 Bu-S0-CH 2.367 2.367 2.344P)
2.413
9 Am-S0-CH,, 2.517 2.500 APEE
2.417
10 Hex-SO-CH , 2.517 2.483 2-417
11 Hep-SO-CH 2.583 2.500 3-453
2.654
12 Ph-50-CH , 2.717 2852
2.616
13 m-Tol1-S0-CH 2.717 2.667 2.0%8
2.667
14 p-Tol-SO-CH 2.700 A
E’]\ 2.673
15 Ns0-cH, 2.883 2.713
2.463
16 Ph-Se0-CH 2.627 A
2.433
17 0-Tol-Se0-CH 2.567 2.433
2.439
18 m-Tol-Se0~CH 2.600 o tes

a) Of protons italicized. b) The signal is splitted into two signals at §

2.315 and 2.333 ppm when the molar ratio is increased to 3.

containing group 6B elements of the periodical table such as alcohols, sulfoxides,
and selenoxides. Contrarily, the host 2 is effective to the guest compounds con-
taining group 5B elements such as phosphinates and arsenoxides. Both the host
compounds are effective for amines.

The host compounds i and 2 probably work in the similar manner to the known
) 1-(1-naphthyl)- (3p),> ) and 1-(9-anthryl)-

shift reagents, l-phenyl- (%@),3-
-5) For example, methyl m-tolyl sulfoxide would form

2,2,2-trifluoroethanol (%g).
a complex with 4 in such a way that the methyl signal is shifted to a higher
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Table 2. Relationship Between Chemical Shift value?’ and

2
Molar Ratio of the Host Compound Za to the Guest Compound )

Chemical shift § (ppm)

Entry Guest compound Molar ratio of the host to the guest
0 1 2
1 PhCHCH, 4.117 g:ggé
NH,
2 thHCHZCH3 3.783 g:gg?
NH,,

3 2-Naph-CHCH, 4.217 3:832
NH,,

4 Ph—?O-OCHs 3.909 3.671 g:i;g

CH,

5 o-Tol—lTo—OCH3 3.909 3.600 g:gg;
CH,

6 m-Tol-AsO-CH 2.300 1.667 1;232
CH,CH,

7 m-Tol-AsO-CH 2.167 };233 1;228
CH,CH,CH,

8 m=Tol-AsO-Ci ; 2.117 i:ggg 12333
CH(CH;) ,

9 m-Tol-AsO~CH, 2.150 1:222 i::é;
CH,CH,CH,CH,

a) Of protons italicized.

magnetic field by a shielding effect with the naphthyl group of 1 (Fig. 1). X-Ray
crystal structural study of a 1l:1 complex of (-)-methyl m-tolyl sulfoxide and kg
shows that both the groups are in positions for an efficient shielding. ) Never-
theless, the host-guest complex formation in solution does not always lead to the
formation of crystalline complex. For example, the guest compounds of entries 12,
13, and 16-181) in Table 1 and entries 4-5,”) 6,8 ana 8%
talline complex with ], and these are effectively resolved. The quest compcunds
of entries 8—118) in Table 1 form crystalline complex with 2, and these are also
effectively resolved. But, other guest compounds in Tables 1 and 2 do not form
crystalline complex with 1 and 2.

in Table 2 form crys-

Induced chemical shift difference due to Eu(hfc)3 increases on addition of
% or % in some cases. Thus, the methyl signal of ethyl phenyl selenoxide (4),
poorly separated (1.483 and 1.450 ppm) in the presence of 0.25 mol equivalent of
Eu(hfc)3, splitted into two triplets centered at 1.367 and 1.084 ppm on addition
of 1 mol equivalent of iR (Fig. 2). Similarly, the methyl doublet of ethynyl-
methylphenylphosphine oxide (E) at 2,467 and 2.447 ppm moved to 2.284 and 2.234
ppm, respectively, on addition of %a as shown in Fig. 3. However, the methyl
signals of 4 and » are not splitted in the presence of Aia and 2a only,
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respectively. Though the reason for the additive effect remains to be clarified,

it is useful for determination of enantiomeric purity of optically active compounds.

A similar additive effect of an achiral europium salt, Eu(fod)3 to the chiral

shift reagent ég in a measurement of enantiomeric purity of y-butyrolactones has
)

been reported.

Fig. 1. Complex formation and shielding effect

A B

YA A
Jf \\~/ H‘\V

Fig. 2. Methyl signal of Ph-SeO-CHZCH3 Fig. 3. Methyl signal of Ph-PO(Me)-C=CH
(4) in the presence of Eu(hfc)3 (0.25 () in the presence of Eu(hfc)3 (0.25
mol equiv.) (A), and of Eu(hfc)3 (0.25 mol equiv.) (A), and of Eu(hfc)3 (0.25
mol equiv.) and iz (1 mol equiv.) (B). mol equiv.) and P (1 mol equiv.) (B).
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