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using beef serum phosphotriesterase to hydrolyze any 
residual (—)-MBNP in an aliquot and following the 
hydrolysis at 400 nm. The MBNP (50-70 Mg) was 
equilibrated in Tris-HCl buffer (3.10 ml) containing 
CaCl2, EDTA, and CH3CN (1.61 % v/v), with partially 
purified phosphotriesterase. Residual (—)-MBNP was 
hydrolyzed in a pseudo-first-order reaction, concurrent 
with slow, apparently zero-order, hydrolysis of the 
(+)-MBNP by the enzyme. Adding a trace of racemic 
MBNP (1 jug) to such a reaction mixture already con­
taining the optically active MBNP confirmed that the 
first-order reaction was hydrolysis of (—)-MBNP. In 
this case, a first-order increase in AMo, corresponding to 
hydrolysis of one-half of the added (±)-MBNP, oc­
curred, with a rate constant the'same as that for the 
reaction of the enzyme with a sample of optically active 
MBNP. These assays showed that one of the prepara­
tions of (+)-MBNP described above contained 0.50% 
( - ) -MBNP and the other contained 0.04%. 

At present we are studying the stereospecific inhibi­
tion of some serine hydrolases by MBNP and the 
stereochemistry of this and other asymmetric phospho-
triesters. 
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Complete Optical Resolution by Differential 
Complexation in Solution between a Chiral Cyclic 
Poly ether and an a-Amino Acid1 

Sir: 

Complexation-decomplexation reactions between or­
ganic entities are necessary stages in enzyme-catalyzed 
reactions. At the active site, the host and guest parts 
of the complex are highly ordered. Studies of struc­
tured molecular complexes2 between organic com-
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pounds in solution not involving enzymes have centered 
on cyclodextrins as host molecules2a_f and on catalysis 
or inhibition of reaction rates through complexation.2a_h 

Most optical resolutions involve differences in forma­
tion rates or in energies of crystal lattices.^-0'8-''2 

Others involve solid-liquid 2n_r-v or gas-liquid chroma­
tography2n_rv or dialysis.2w Racemate distribution 
between water and optically active liquids2u'x gave a 
maximum optical purity of 2 ± 0.9%.2u One full 
resolution by countercurrent extraction has appeared.2y 

We report the first optical resolution of a racemate 
by differential complexation in liquid-liquid chroma­
tography to give optically pure enantiomers. The host 
molecule was designed for configurational differentia­
tion in complexation in solution, and the relative con­
figurations of the more stable diastereomeric complexes 
were predicted from examination of molecular models 
in advance of experiment. 

The previous paper reported racemates 1-5 and the 
facts that acids 1, 2, and 4 complexed valine better than 
acid 3 or ester 5.3 Optically pure acids (S)-1,4ab 

(S)-3,4a'b and (.R)-44a>b now have been prepared (com­
parable yields)3 from optically pure (S)- or (i?)-6.5 

Reduction of (S)-6 and (R)-6 gave (S)-74a'b (79%) and 
(R)-I (77 %), 4a'b respectively. Diazomethane and (R)-6 
gave (76%) the dimethyl ester (i?)-84a>b mp 243-245°, 

[^IQJLx ^CH2-CH2 

(r\ff\\ (CH2CH2O)n 

L n = 4; R = R' = CH2OCH2CO2H 
2, n = 4; R = H; R' = CH2OCH2CO2H 
3, n = 3; R = R' = CH2OCH2CO2H 
4, n = 5; R = R' = CH2OCH2CO2H 
5, n = 4; R = R' = CH2OCH2CO2CH3 

R mp°C [O]25S78 (c 1.1) 

(S)-6 CO2H > 285 -198° (CH)5N 
(RrG CO2H > 285 +195° (CH)5N 
(S>7 CH2OH 190-193 - 6 3 . 5 ° (CH 2 ) ,0 
(fl)-7 CH2OH 192-195 +64.1° (CH 2 ) ,0 

H2 6D +172°,4d reported6a mp 239-240°, [a]25D 
+ 159°.4d Reduction of (R)-S gave (R)-I (63%), mp 
195-196°, [a]25

678 +63.8°.4d The absolute configura-
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tion of (R)-S has been determined.6 Thus the absolute 
configurations of all compounds related by reactions 
to (R)S are established. The patterns of rotations 
obtained for several sets of reaction-related stereo­
isomers resolved by different methods51'6a'7 indicate 
maximum rotations are known. Optically pure (S)-I 
was converted3 to (S)-54a>b (glass), [a]26

546 -39.2 0 , 4 0 

which gave3 (S)-V** (glass), [a]25
546 +75.6°,4o [a]25

646 
-24.9°.4 d Optically pure (S)-I gave3 (S)-34a.b (glass), 
[a]25546 -105°, 4 c [a]2S546 -107°. 4 d Optically pure 
(R)-I gave3 (R)A^ (glass), [a]25

546 -105°,4° [a]25
S46 

-15.0°.4 d Only at ~150° at <50 n as films could 
these glasses be completely dried. Only (S)-I showed 
an inverted sign of rotation when chloroform was sub­
stituted for tetrahydrofuran as solvent. 

In run 1, the (R) and (S) components of 76 mg of 
racemic 1 and 11.4 mg of optically pure (.R)-valine8 

were partitioned at equilibrium between the two layers 
formed by shaking 0.2 ml of D2O, 0.3 ml of CDCl3 and 
0.6 ml of CD3CO2D (at ~30°) . The pmr spectra 
(HA-100) of the aqueous (~0.75 ml) and chloroform 
layers (~0.25 ml) indicated the former contained ~ 5 0 % 
of the 1 and ~ 9 5 % of the valine used and the latter 
contained ~ 5 0 % of the 1 and ~ 5 % of the valine used. 
Appropriate pmr experiments7" indicated the 1 in the 
aqueous layer and the valine in the chloroform layer to 
be complexed, and for complexation-decomplexation 
to be fast on the pmr time scale. The aqueous layer 
was evaporated (vacuum), and the residue was shaken 
with chloroform and water. The organic layer was 
washed with water and evaporated to dryness (30°, 
50 JX, 3 hr) to give 1-0.5H2O as a film, yield 33.5 mg 
(~44%), [a]26546 +6.7°.4 d A 40-mg sample of opti­
cally pure (S)-I submitted to the above isolation condi­
tions gave a 5% weight loss, [a]25

646 -24.6°.4 d Thus 
the aqueous layer contained 1 of ~ 2 7 % optical purity, 
rich in the (R) isomer. The chiral recognition factor is 
defined as the ratio of the predominant to the subor­
dinate enantiomer at equilibrium in the phase contain­
ing the complex. In run 1, the factor = [63% (R)-I]/ 
[37% (S)-I] = 1.7. In run 2, 0.35 ml of CD3CO2D, 1 
ml of benzene, and 0.25 ml of D2O at 30° gave an 
aqueous layer (~0.5 ml) that contained >95% of the 
valine and ~ 5 0 % of 1 rich in the (R) isomer by a factor 
of 1.25. In run 3, diester 5 was used. Although (R)-S 
dominated in the aqueous layer, the factor dropped to 
1.06. Run 4 involved monoacid 2 of unknown absolute 
configuration and maximum rotation. The 2 isolated 
from the aqueous layer gave [a]26

S46 +1.2°.4° The 
magnitudes of rotation of the molecular relatives of 2 
suggest this rotation reflects a very small factor. Run 
5 employed diacid 4. The aqueous layer was enriched 
in (R)-4 by a factor of 1.02. Run 6 with diacid 3 
showed no enrichment in either enantiomer. 

Run 7 determined the ability of optically pure acid 
(S)-I to discriminate between (R)- and (S)-valine when 
complexation occurred only in the chloroform layer. 
A mixture of 400 mg of (S)-I, 177 mg (2.5 equiv) of 
racemic valine, 1.0 ml of CD3CO2D, 1.5 ml of CDCl3, 
and 0.5 ml of D2O was shaken at 30° to produce two 
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Wiley, New York, N. Y., 1961, p 116, gives [<x]«sl6 +32.2° (c 2.5 N 
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equilibrated layers. The chloroform layer (~2.3 ml) 
contained >99% of the (S)-I and 40% (1.0 equiv) of 
the valine (pmr, HA-100). The chloroform layer was 
evaporated, and the residue was shaken with chloro­
form-water. This water layer was washed with chloro­
form and evaporated to give 37 mg of valine, [a]25

546 
+4.0° (c 2.0, 5 N HCl). Thus (S)-I preferentially 
complexed (S)-valine in the chloroform layer by a fac­
tor of 1.3. 

Racemic 1 was resolved to optical purity of both 
enantiomers by liquid-liquid chromatography. A so­
lution of 6 g of (S)-valine ([a]26

546 +31.8°, c 2.00, 5 N 
HCl)8 dissolved in a mixture of 40 ml of acetic acid-10 
ml of water saturated with benzene ( ~ 15 ml) was mixed 
with 60 g of Celite, which was dry packed into a column 
followed by 5 g of Celite to give a 60 by 3 cm stationary 
liquid phase. Racemic 1 (1.00 g) in 10 ml of 80% 
acetic acid-20 % water (by volume) saturated with ben­
zene was added and eluted with benzene saturated with 
aqueous acetic acid. Combined fractions 12-16 gave 
336 mg OfCR)-I (isolated as in run 1), [a]25

546 -69.2°,4 c 

which when rechromatographed on a similar column 
containing optically pure (.R)-valine gave 220 mg of 
optically pure (R)-I, all but the beginning fractions of 
which gave [a]26546 —76.5°.4c Combined fractions 
21-34 gave 363 mg of (S)-I, [a]26

546 +70.0°,4c which 
when rechromatographed on a similar column con­
taining (S)-valine gave 271 mg of optically pure (S)-I, 
all but the beginning fractions giving [a]25s46 +76.5°.4c 

Thus host molecules have been designed whose com­
plete optical resolution by guest molecules involves 
only stability differences in solution of diastereomeric 
complexes. Run 7 indicates valine and probably other 
a-amino acids can be resolved similarly, thus reversing 
the roles of host and guest as resolving agents. Runs 
1-5 indicate that only 1 possesses useful chiral recogni­
tion properties. Complexes of the (R,R) or (S,S) 
configurations were substantially more stable than 
those of the (R,S) or (S,R) configurations. An a 
priori examination of CPK molecular models of the ten 
nonenantiomeric complexes of the five cyclic ethers 
tested led to the prediction that only 1 would show 
chiral recognition, and that the (R,R) and (S,S) 
complexes would be more stable. Structure 9 was 
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envisioned for the (S,S) complex. Three hydrogen 
bonds and carboxylate-ammonium ion pairing hold 
the amino acid to the crown, and carboxyl-carboxyl 
hydrogen bonding presses the hydrogen of the chiral 
center of the amino acid to the chiral barrier of the 
crown. Monoacid 2 binds well to amino acids3 (see 
10), but the absence of the second carboxyl of the host 
allows the chiral center of the guest too much confor­
mational flexibility for the diastereomeric complexes to 
differ much in stability. In models, the hole of 3 is 
too small for an ammonium ion to penetrate the crown 
of oxygens and little complexation is observed.3 Models 
of amino acid complexes of 4 suggest that the three 
alternate oxygens remote from the chiral barrier most 
stably bind the ammonium ion. Thus the two chiral 
elements are also remote. Complexes of diester 5 are 
less structured, since they lack two of the three binding 
features that characterize the complex of diacid 1. 
Compound 1 is one of a family of host molecules that 
promise to be useful in resolution, determination of 
configuration, and optical purity. 
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Structural Requirements for Cyclic Ethers to Complex 
and Lipophilize Metal Cations or a-Amino Acids1 

Sir: 

Sixteen new multiheteromacrocycles are reported 
with cavities shaped to complex differentially metal 
ions and a-amino acids. Cycles 6-212a'b were pre­
pared from ditosylates of polyethylene glycols and 
3,3'-disubstituted-2,2'-dihydroxy-l,l'-binaphthyl com­
pounds 1-5,2 which in turn were prepared from 2,2'-
dihydroxy-l,l'-binaphthyl (no high dilution). Each 
unit of 17-21 was designed for a specific role in 
molecular complexation. The cycles' oxygens provide 
neutral ligands for metal or ammonium cation com­
plexation.3 The hole diameters with the oxygens 
turned inward vary with the naphthyl-naphthyl di­
hedral angles and the number of ethyleneoxy units. 
The binaphthyl unit is a chiral steric barrier whose two 
3-positions direct attached side chains under or over 
the hole. The carboxyl groups of the side chains can 
center above or below the hole, and their anions can 
provide internal counterions for complexed cations. 
Amino groups or a second carboxyl attached to the 
side chain can serve as additional neutral ligands or as 
sites for hydrogen bonding or ion pairing the carboxyl 
of complexed amino acids. The binaphthyl and methyl­
ene units of the ring and side chain shape the area 

(1) This work was supported by U. S. Public Health Service 
Research Grant No. GM 12640-08 from the Department of Health, 
Education and Welfare, and by a grant from the National Science 
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(2) (a) Carbon and hydrogen analyses were within 0.30% of theory. 
Pmr spectra were consistent with assigned structures, (b) Mass 
spectra exhibited molecular ions, (c) Metal salt analyses were within 
1.00% of theory. 

(3) See C. J. Pedersen, J. Amer. Chem. Soc, 89, 2495, 7017 (1967), 
for first observations. 

around the hole and provide a lipophilic skin for the 
hydrophilic metal or amino acid guest entities. 

Complexes 24-32 were examined. Easily visible 
pmr spectral differences (deuterated solvents, HA-100) 
of the ArCH2 and ArOCH2 proton signals in complexed 
and noncomplexed polyethers provided one criterion 
of complexation in solution. Lipophilization of cat-

R 
I1 CH2M 
2, H 
3, CHsOH 
4, CH2M 
5, H 

n 
6,4 
7,4 
8,4 
9,4 

10,3 
11,5 
12,4 
13,4 
14,4 
15,3 
16,5 
17,4 
18,4 
19,4 
20,3 
21,5 
22,4 

A = N(CH: 

JL .̂OH 

R / 

CHsM 
CHsM 
CHsOH 
CHsOH 
CH2OH 

OO 
0Q) 

R 
CH2M 
CH2OH 
H 
CHsM 
CHsOH 
CHsOH 
CHsE 
H 
CH2M 
CH2E 
CHsE 
CHsA 
H 
CH2M 
CH2A 
CHsA 
H 

!CHs)2O; E = 

/ R 

X 0 ^ C H 2 -

mp, 0C 
300 dec 
226-228 
222-224 
190-192 
206-207 

- C H 2 

^(CH2CH2O)n 

X R ' 
R' 

CHsM 
CH2OH 
CHsOH 
CHsOH 
CH2OH 
CH2OH 
CHsE 
CH2E 
CH2E 
CH2E 
CH2E 
CH2A 
CH2A 
CHsA 
CH2A 
CH2A 
H 

mp, 0C 
Oil 

132-134 
136-137 

Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 
Oil 

130-130.5 

% 
75 
15 
65 
30 
80 

% 
65 
60 
50 
55 
10 
50 
60 
70 
35 
55 
50 
80 
70 
65 
85 
75 
60 

OCH2CO2CH3; A= OCH2CO2H 

23a, X-OH 
23b, X = CO2H, oil, 70% 

Conversions 

MCH2OBu 
i 

150° 
5 days 

1 + 2 

1. Ac2O, 140° 
2 weeks 

1 or 2 > 3, 4, or 5 
2. LiAlH4 

Ts(OCH1CHj)n-IOTs 
1, 3, 4, or 5 >• 6, 7, 8, 9, 10, or 11 

2K0-(-Bu, THF 
BrCHiCO2CH. 

7, 8, 9, 10, or 11 >• 12, 13, 14, 15, or 16 

1. OH-
12, 13, 14, 15, or 16 >• 17, 18, 19, 20, or 21 

2. H + 
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