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Various degrees of chiral recognition properties of chiral crown ether hosts toward amino acid ester guests are directly, 
easily and reliably evaluated by the enantiomer deuterium-labelled racemic guest method using conventional FAB 
mass spectrometry. 

Chiral recognition in molecular host-guest complexations is 
one of the highlights in modern organic chemistry. Various 
chiral crown ethers have been synthesized and various degrees 
of chiral recognition have been achieved. 1-3 Until recently, 
many methods were used for determining chiral recognition of 
chiral crown hosts. Examples are extraction/NMR,2 extrac- 
tion/polarimetry,' transport ,4 membrane electrode,s cal- 
orimetry,h LC,7 and UV8.9 methods and so on. Mass spec- 
trometry has been primarily uninformative for this purpose 
due to its lack of mass differences. In the diol dimerization 
system or related aggregation systems, there appeared a few 
reports of specific observations of the chirality effect in CI 
mass spectrometryt0-12 and in tandem FAB mass spec- 
trometry,13.14 etc.15 Recently, in more highly structured 
host-guest complex systems, chiral recognition has been 
detected by mass spectrometry (MS). One is by FABMS in the 
dimethoxyphenylene crown system~1'~lh~17 and the other is by 
FTICRMS (Fourier transform ion cyclotron resonance mass 
spectrometry) in the pyridino crown system. 18 However, the 
former treats two FAB mass spectra and the latter treats two 
equilibrium constants. Both approaches inherently require 
two successive measurements and comparisons and then, may 
be classified into the indirect methods. 

Here we report the successful detection of chiral recognition 
in the host-guest complexations by a direct method using 
conventional FAB mass spectromety (positive mode). The 
method particularly uses a racemic guest which contains an 

11 

isotopically labelled enantiomer. 10111 This is the first success of 
the combination of the enantiomer labelled racemic guest 
method and the highly structured host-guest complex ion 
system. Diastereoisomeric host-guest complex ions produced 
by a chiral crown ether host (H) and an enantiomer labelled 
racemic guest (G) (for example, a 1:l mixture of GR and 
[2H,!]G,) have different masses and then, simultaneously 
appear as a pair of complex ion peaks [(H + GH)+ and (H + 
[*Hn]Gs)+]. Since the complex ions are identified by the aid of 
the isotope tag, both the degree and direction of the chiral 
recognition properties of hosts toward guests can be directly 
evaluated using the ratio value of the corresponding peak 
intensities observed in one spectrum as I[(H + GR)+]/fl(H + 

Compounds 1-3 were selected as the amino ester (CH3 and 
CD3 esters) guests. Compounds 4-8 were chosen as the chiral 
crown ether hosts, ~ ~ ~ , * 6 , 1 7  9, 10 (monensin methyl ester) as 
the chiral acyclic hosts, and 11 (18-crown-6) as an achiral host 
for the control experiments. A typical FABMS sample 
solution was prepared by mixing the following three solutions: 
a 5 pl portion of a 0.30 mol dm-3 (total) MeOH solution of a 
1 : 1 mixture of (R) -1  (CH3 ester) and (S)-[2H3] 1 (CD3 ester), 
a 5 PI portion of a 0.05 mol dm-3 CHC13 solution of 
( R ,  R, R,  R)-4, and 30 p1 of the rn-nitrobenzyl alcohol (noba) 
matrix. The peak intensity ratios of the corresponding 
complex ions in FABMS were obtained (Fig. I ) ,  averaged (n  
= 2), and listed in Table 1. The stability of the ratio value with 
scan times for one measurement was, for example, statistically 
given as 1.74 k 0.03 (standard deviation; n = 26; scans 10-35) 
for the (R ,  R, R, R)-4 and 3 combination. 

When the quantity, Z[(H + GR)+]/Z[(H + GLS)+], is larger 
than unity (Z/I > 1.0), a host binds more strongly to an 
(R)-enantiomer guest. The larger the value, the higher the 
degree of chiral recognition. Alternatively, Z/Z < 1.0 shows 
that a host binds more strongly to an (S)-enantiomer guest. 
The unity (Z/Z = 1.0 k 0.1) value indicates the non-chiral 
recognition ability of a host. Since 11 is achiral, the Z/Z value 
should have to be unity. It should be pointed out that the 
values generated by the present direct method are in good 
agreement with those measured by the indirect method 
(previously called the RPI method)'*,16.17 within a range of 
kO.1: no appreciable differences seem to be observed for the 
direct and indirect methods. 

Table 1 lists the results of a survey of the chiral recognition 
properties of the hosts toward the guests employed. Host 
(R,  R, R,R)-4 exhibits the highest degree of (R)-enantiomer 
predominance toward guests 2 and 3 in the present experi- 
ments. Enantiomeric host (S,S,S,S)-4 also has the highest 
(S)-enantiomer predominance as expected from a cross-chiral- 
ity relationship (see Table 1, footnote). Host (S.S)-6 shows 
relatively higher (R)-enantiomer selectivity, but host ( S ,  S)-8 
switches the predominance-direction to a relatively lower but 
definitive (S)-enantiomer selectivity, probably due to differ- 
ent sites and groups of chiral barrier substituents attached to 
the crown ring. The (S)-enantiomer preference of host 
(S,S,S,S)-7 appears only toward guest I ,  but clearly is 
absent toward guests 2 and 3. Less effective hosts (S,S,S,S)-5 
and (R ,R,R,R)-9  provide very small complex ion peaks 

[2HnlGS)+l. 
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Fig. 1 ( a )  A FAB mass spectrum using the enantiomer labelled racemic guest method: host = (R,R,R,R)-4 and guest = a I : 1 mixture of 
(R)-3  and (S)-[*H3] 3 (20 scan). ( b )  An expansion of the host-guest complex ion region. 

Table I I [ ( H  + GR)+]/I[(H + [2H3]Gs)+] values using the enantiomer 
labelled racemic guest method in FAB mass smxtrometrv" 

Guest 

Host 1 2 3 

0.63,0.666 0.51,0.52h (0.6) 0.50,0.516 
1.42, 1.566 1.75, 1.906(1.6) 1.76, 1.906 

ca. 0 . 8 ~  
1.47(1.4) 1.50(1.4) 1.33 
1.36 0.98 (1.1) 1.05 
0.76 0.81 (0.9) 0.78 

ca. I.@ 
ca. 0 . 5 ~  

0.99 0.98 0.97 

6' Gcnerally, the valuc is uncorrected by natural isotope abundance for 
convenience. Averaged with two measurements using two sample 
solutions prepared separately. For one measurement. the I / l  value is 
obtained from an average of those of three scans (Nos. 10. 20. 30). 
Difference of two measurements is within kO.03. The corrcsponding 
values using the internal standard host method arc given in paren- 
thcses.l".I7 Peak intensity is corrected by natural isotope abundance. 
After the correction, each cross chiral relationship satisfactorily holds 
between (R,R,R,R)-4 and (S,S,S,S)-S hosts: for guest 1.0.66 X 1.56 = 
1.03; for guest 2,032 x 1.90 = 0.99; for guest 3,051 X 1.90 = 0.97. 

Host-guest complex ion pcaks are less intense. 

suggesting the important role of a missing -CHZOCHZ- unit 
for sufficient complexation ability.? The (S)-selectivity of host 
10, though having small complex ion peaks, is consistent with 
the reported (S)-direction. 19 

Association constants ( K )  determined using H NMR 
titration procedures in solutionl6.2" are as follows: (i) K(R)  = 
2.0 dm-l mol-1 for host (R, R, R,K) -4  with guest (R) -3  and K ( S )  
= 1.0 dm3 mol-1 for the same host with the enantiomeric guest 
(S)-3 in CD30D-CDCI3 (10/1 vol %) solution at 25 "C: 
K ( R ) I K ( S )  = 2.0; and (ii) K ( R )  = 1.5 x 10' dm-l mol-1 for 
host (S,S)-6 with guest ( R ) - 1  and K ( S )  = 1.2 x 10' dm3 mol-* 
for the same host with the enantiomeric guest (S)-1 in CDC13 
at 25 "C: K ( R ) / K ( S )  = 1.3. These thermodynamic properties 
in solutions parallel the present FABMS results. 

In summary, FAB mass spectrometry plays a powerful role 
for unequivocal identification of chiral recognition in host- 
guest complexations. The enantiomer labelled racemic guest 
method can directly, easily and reliably determine which 
diastereoisomeric host-guest complex ion is more stable. The 

present approach will provide direct conclusions useful for the 
future design of the related host-guest complexation systems. 
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