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Abstract: The first example of chromatographic separation based on isotopic chirality is shown. Diastereomers of
methyl 3-phenyl-3-phenydls-glycidate were separated by reversed-phase high-performance liquid chromatography
based on the isotopic chirality provided by the presence of phenyl and ptiegybups at one of the two chiral

centers. Each of the two separated peaks was fractionated and subsequently separated into two peaks representing
individual enantiomers having isotopic chirality by using a chiral stationary phase.

Chiral compounds and the recognition of enantiomers are 170 (100), 198 (63), 199 (99); high-resolution MS calcd fesHsDs0s
ubiquitous in nature and essential for living species. Various 259.1254, found 259.1252%5: *H NMR 6 3.52 (s, 3H), 4.00 (s, 1H);
chromatographic methods are available for the separation of MS m/e82 (16), 110 (24), 174 (100), 203 (84); high-resolution MS
enantiomers. Differentiation of isomeric compounds based on ¢a/cd for GeHaD10Os 264.1569, found 264.15746: *H NMR ¢ 3.51
isotopic chirality, however, presents one of the most difficult (S 3t 4.00 (s, 1H), 7.297.50 (m, 10H); MSm/e77 (29), 105 (27),

problems even for spectroscopic detection. It has been believe O6u5nglg(5)£ éggo(%); high-resolution MS calcd fofs1405 254.0939,

j[hat Qnantlomer§ or diastereomers owing thelr. chirality to The structures of alkyl 3-alkyl-3-phenylglycidates were confirmed
isotopic sut?stltuu_on are not amenable to separation by known by H-NMR (200 MHz, CDC}).57 Methyl (E)-3-methyl-3-phenyl-
method$3 including chromatography or fractional recrystal-  giycidate: ¢ 1.77 (s, 3H, CH), 3.47 (s, 1H, CHCOO), 3.84 (s, 3H,
lization. Old reportédescribing the separation of diastereomers CcH;0), 7.277.41 (m, 5H, GHs). Methyl (2)-3-methyl-3-
based on isotopic chirality have been disputed by later stddlies. phenylglycidate: 5 1.75 (s, 3H, CH), 3.44 (s, 3H, CHO), 3.70 (s,
We report here a successful separation based on isotopic chiralitylH, CHCOO), 7.26-7.41 (m, 5H, GHs). Ethyl (E)-3-phenylglyci-
achieved by reversed-phase liquid chromatography (RPLC) with date: 6 1.33 (t, 3H, G13CH;0), 3.51 (d, 1H, CHCOO), 4.09 (d, 1H,
diastereomers of methyl 3-phenyl-3-phendglycidate (—4) CHCeHs), 4.15-4.43 (m, 2H, CHCH;0), 7.16-7.54 (m, 5H, GHs).

having phenyl and phenys groups at one of the two chiral ~ Ethy! (9)-3-phenylglycidate:o 1.01 (t, 3H, ¢1,CH;0), 3.82 (d, 1H,
conters CHCOO), 3.88-4.12 (M, 2H, CHCH,0), 4.27 (d, 1H, GiCeHs), 7.25~

7.45 (m, 5H, GHs). Ethyl (E)-3-methyl-3-phenylglycidated 1.33 (t,
. . 3H, CHsCH,0), 1.77 (s, 3H, Ch), 3.46 (s, 1H, CHCOO), 4.244.36
Experimental Section (M, 2H, CHCH,0), 7.31-7.41 (m, 5H, GHe). Ethyl (2)-3-methyl-3-
Benzophenones and benzophenorep were prepared from benzene-  Phenylglycidate: 6 0.89 (t, 3H, G4sCH,0), 1.74 (s, 3H, Ch), 3.67
ds by reacting with benzoyl chloride and benzoy! chloritierespec- (S, 1H, CHCOO), 3.673.97 (m, 2H, CHCH,0), 7.25-7.35 (m, 5H,
tively. Methyl 3-phenyl-3-phenytk-glycidate (—4), methyl 3,3- CeHs). Ethyl (E)-3-ethyl-3-phenylglycidates 0.95 (t, 3H, GsCHy),
di(phenylds)glycidate 6; a racemic mixture of R and &), and methyl 1.34 (t, 3H, G45CH.0), 1.81-1.99 (m, 1H, CHCHy), 2.08-2.27 (m,
3,3-diphenylglycidate & a racemic mixture of R and %) were 1H, CHCHy), 3.47 (s, 1H, CHCOO), 4.254.36 (M, 2H, CHCH.O,
prepared by Darzen reaction with methyl chloroacetate from benzophe- 7-30-7.45 (m, 5H, GHs). Ethyl (2)-3-ethyl-3-phenylglycidated 0.87
none2,3,4,5,6-¢, benzophenones, and benzophenone without deu- (& 3H, GH3CH;0), 0.93 (t, 3H, GisCHj), 1.72-1.90 (M, 1H, CHCH)),
terium, respectively, in the presence of potassierabutoxide Alkyl 2.10-2.28 (m, 1H, CHCHy), 3.69 (s, 1H, CHCOO), 3.783.98 (m,
3-alkyl-3-phenylglycidates were prepared by a similar method. The 2H, CHCH:0), 7.25-7.42 (m, 5H, GHs). Ethyl (E)-3-phenyl-3-
products were purified by column chromatography on silica gel using Propylglycidate: 4 0.89 (t, 3H, G1sCHCHy), 1.34 (t, 3H, ¢1sCH0),
a hexane-ethyl acetate (9/1) mixture as solvent. 1.20-1.55 (m, 2H, CHCH,CH;), 1.75-1.90 (m, 1H, CHCH,CH,),
The structures of the products were confirmed by NMR (200 MHz, 2:06-2.21 (m, 1H, CHCH,CH;), 3.44 (s, 1H, CHCOO), 4.254.37
CDCl) and MS. 1—4: *H NMR 6 3.52 (s, 3H), 3.99 (s, 1H), 7.30 (m, 2H, CHCH0), 7.27-7.43 (M, SH, GHs). Ethyl (2)-3-phenyl-
7.44 (m’ 5H), MSm/e 77 (16), 82 (17)’ 105 (17)’ 110 (19)’ 169 (76), 3-pr0pngIyC|date o 0.87 (t, 3H, 0‘|3CH20), 0.90 (t, 3H, G|3CH2-
CHy), 1.20-1.53 (m, 2H, CHCH,CH,), 1.62-1.78 (m, 1H, CH-
* Author to whom correspondence should be addressed. CH.CHy), 2.09-2.24 (m, 1H, CHCH.CH,), 3.66 (s, 1H, CHCOO),

" Nacalai Tesque. 3.83-3.95 (m, 2H, CHCH0), 7.24-7.42 (m, 5H, GHs).
*Kyoto Institute of Technology.

® Abstract published idzance ACS Abstractsanuary 1, 1996 RPLC separation was carried out by using a recycle column system
(1) Parker D.Chem Rev. 1991, 91, 1441-1457. ' ' consisting of four columns of 6 mm i.d., 15 cm in length packed with
(2) Coppock, J. B. M.; Kenyon, J.; Partridge, S. MChem Soc 1938 5 um octadecylsilylated (G) silica (Cosmosil Gg MS), in 65%

1069-1074. Meddour, A.; Canet, |.; Loewenstein, A.; Pechine, J. M.; methanol at 3°C. A pump with two 10uL displacement heads
Courtieu, JJ. Am Chem Soc 1994 116 9652-9656 and references cited  (Shimadzu LC-9A) was used to minimize band broadening, allowing

therein. . ] ] ] _the recycle operation through the pump. Sample bands passed through
MO(Ssge'\faﬁ'_ng:]-_rbgf"é';%rr’glilggé'\g'd é%%;sgeowu B.; Mosher, C. W.. 4,0 cell (8uL) of a variable-wavelength UV detector (Shimadzu SPD-
(@) Ciemo, G. R.; McQuillen, AJ. Chem Soc 1936 808-810. Clemo, 6A) in each cycle. Solutes were detected at 254 nm. Consistent peak
G. R.; Raper, RProc. Chem Soc 1961, 333. Pocker, YProc. Chem areas were observed for the solutes4, 5, and 6 during recycle
Soc 1961, 140-141.
(5) Adams, R.; Tarbell, D. S1. Am Chem Soc 1938 60, 1260-1262. (7) Jacobsen, E. N.; Deng, L.; Furukawa, Y.; Martinez, LT&trahedron
(6) Domagala, J. M.; Bach, R. . Org. Chem 1979 44, 3168-3174. 1994 50, 4323-4334.
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D cooc; D 0 Figure'Z. Separation of dias'tereor_ners 'of methyl 3-phenyl-3-phenyl-
D Q ) ds-glycidate (—4) based on isotopic chirality. Compoun8sand 6
b0 were included in the sample mixture. Stationary phases silica,
b D 1 four columns of 6 mm i.d., 15 cm in length. Mobile phase: methanol
water= 65/35. Detection: UV 254 nm. Solutes were recycled through
Q the column system, the detector, and the pump.
0 H COOCH; . .
D (1 and2) and @)-isomers 8 and 4), because the achiral;&
COOCHg D D stationary phase cannot differentiate the enantionteas(?2,
Q D” D or 3 and 4). This is the first example of chromatographic
6 3 separation based on isotopic chirality, and was achieved by the
Figure 1. Structures of methyl 3-phenyl-3-phengd-glycidate (— differentiation between the phenyl and phedygroups by the
4), methyl 3,3-di(phenyts)glycidate £), and methyl 3,3-diphenyl-  neighboring chiral group that produced differences in chro-
glycidate ). matographic behavior between the diastereomers. A mechanism

L - of differentiation of the isotopic chirality and structural assign-
separation, indicating the stability of these compounds under the nant of the two peaks are provided as follows.
separation conditions. A polarimetric detector (Shodex OR-1) was also The mixture ofl—4 was easily separated froBiand 6 on

used for chiral separation. . . : :
Another recycle system consisting of four columns of 10 mm i.d., the basis of the difference in the number of deuterium atoms

15 cm in length packed with theygxilica, was used for the fractionation ~ Present on the phenyl groups. Solute retention in RPLC is
of the diastereomers ifi—4. The collected fractions each containing dominated by hydrophobic effeéfs'® which include unfavor-

a pair of enantiomers were subjected to chiral separation. Cellulose able interactions between hydrophobic species and aqueous
p-methylbenzoate-coated silica was prepared frarmssilica particles solvents. Since an aqueous phase favors CD groups over CH

with 100 nm pore size (Nucleosiland used for chiral separation. groups, deuterated species elute earlier than protiated species
. . in RPLC13-15 Greater deuterium isotope effects were observed
Results and Discussion for compounds exposing the larger molecular surface area of

deuterated moieties to aqueous solvéatsThe early-eluting
compounds in a mixture ol—4 are supposed to have the
deuterated phenyl group close ¢shydrogen to produce the
greater isotope effect due to the less steric hindrance of
hydrophobic solvation. The assignment that the first peak is a
racemic mixture ofl (2R,3S) and 2 (2S3R), and the second
peak that of3 (2R,3R) and 4 (2S39), agreed with the results
obtained with several alkyl 3-alkyl-3-phenylglycidates. As

The structures of the four stereoisomets—4), having
isotopic chirality, are shown in Figure 1. A chiral center at C
and deuterium substitution on one of the two phenyl groups on
Cs create diastereomer€)fisomersl (2R,3S) and2 (2S3R),
possessing the deuterated phenyl group close-iydrogen,
and @)-isomers3 (2R,3R) and 4 (2S3S), with the opposite
configuration. The 500 MHZ2H NMR spectrum of a mixture
of 1—4, however, only showed singlets for thehydrogen and

the methyl group in CDGJ indicating a very similar electronic (9) The minor peaks seen in the leading edge of the first piak )
environment for these groups in spite of the deuterium substitu- and the trailing edge of the second pedki( 4) for the mixture ofl—4
tion. We attempted the total separationlef4, first into two were presumably caused by methyl 3,3-diphenylglycidate with deuterium

; ; ; substitution greater and fewer than phedylby one deuterium atom,
pairs of enantiomers, and2, and3 and4, by RPLC using &s respectively, coproduced during the preparatiorl-6#, as substantiated

stationary phase that is achiral, then into individual enantiomers py 5 small extent of deuterium scrambling on benzopher®agh5,6-d
by the discrimination of chirality at using a chiral stationary  in the presence of potassiut@rt-butoxide.
phase. (10) Tanford, C.The hydrophobic effectFormation of micelles and
. biological membrane2nd ed.; John Wiley and Sons: New York, 1980.
Recycle chromatography using the 60 cm column system ~ (11) karger, B. L.; Gant, J. R.; Hartkopf, A.. Weiner, P. H.
packed with Gg silica resulted in a separation of a mixture of Chromatogr 1976 128 65-78.

1-4 into two peaks with ca. 600 000 theoretical plates at 18 (12 Horvath, C.; Melander, W.; Molnar, I. Chromatogr 1976 125

Cyc'?S’ as shown !n Figure®2.The two F’eaks are presumably (13) Tanaka, N.; Thornton, E. R. Am Chem Soc 1977, 99, 7300~

provided by the diastereomer separation betwé&grisomers 7307.

(14) Tanaka, N.; Thornton, E. R. Am Chem Soc 1976 98, 1617
(8) Kimata, K.; Tsuboi, R.; Hosoya, K.; Tanaka, Anal. Methods Inst 16109.

1993 1, 23—29. (15) Cartoni, G. P.; Ferretti, U. Chromatogr 1976 122 287-291.
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Table 1. Separation Factors between Diastereomers of Alkyl
3-Alkyl-3-phenylglycidate

(a) E isomers (1, 2)

Rib RS K (E)® K (2 o
CHjs CHjs 1.12 0.72 1.55
H CoHs 1.44 0.96 1.51
CHs CoHs 1.90 1.23 1.54 U
CoHs C:Hs 2.65 1.93 1.37 p
n-CsH7; CoHs 4.12 3.20 1.29

aColumn: Cosmosil &-MS, 4.6 mm i.d., 15 cm long. Mobile
phase: 70% methanol. 3C. ° Alkyl group on G. ¢ Alkyl group on

ester oxygende k' values of E)- and @)-alkyl 3-alkyl-3-phenylglyci- (b) Z isomers (3, 4)

date, respectively.Separation factor betweeR)¢ and ¢)-alkyl 3-alkyl- )—A—’—/\‘N
3-phenylglycidatek' (E)/K (Z).

shown in Table 1, an isomer having the smaller alkyl group

close to thea-hydrogen was eluted earlier. Incidentally, the J W’“
size of a phenybs group should be slightly smaller than that

of a phenyl group because of the shorterl@bond than C-H.
The elution of1—4 with 5 and 6 permits the estimation of © 14

the isotope effect caused by the presence of a deuterated phenyl /\/\
group. The deuterium isotope effects on retenti&m/K p) ~

observed betweerl(+ 2) and6, and between3 + 4) and5 *\JLJJ

are 1.029 per phenys group that is more exposed to the

agueous phase. This is slightly greater than the isotope effects WM
of 1.023 seen between (- 2) and5, and between3+ 4) and _ 1 , [ .

6 per phenylds group that is eclipsed with the methoxycarbonyl 0 5 10 15 20 (min)

group. These isotope effects are comparable with the isotope
effects per phenytls group on the retention of benzophenone

(1.026) or bgnzhydrol (1.024) found |r_1 the same mobile phase. Upper trace: UV detection at 254 nm. Lower trace: polarimetric
The separatlon factor betwgen thg d|a§te(eontbrs @ and detection. Column: cellulosp-methylbenzoate-coated silica &¢b
(3 + 4) provided by the isotopic chirality based on the ,m particles, 100 nm pore size), 4.6 mm i.d., 15 cm long. Mobile
positioning of a phenyl and a phengd-group is much smaller,  phase: 2-propanethexane= 20/80. The samples for (a) and (b) were
ca. 1.0057. This corresponds to the difference in a free energyobtained by RPLC separation &4 by using semipreparative&
change of ca. 3.4 cal/mol associated with the transfer of thesecolumns (10 mmi.d., 15 cnx 4) operated as in Figure 2, prior to this
molecules from the methaneWwater (65/35) mixture to the g separation of enantiomers.
stationary phase.

Each of the two peaks corresponding 10 2) and @ + 4)
was fractionated by recycle chromatography on 10 mm i.d.
semipreparative columns under similar conditions as in Figure
2. The recovered materials showed consistent chromatographi
properties in RPLC as well as in chiral separations. No peak
splitting was observed with or 6 during the recycle chroma-
tography. These facts indicate the stability of the epoxy ester
during the recycle separation. The two fractionated enantiomer
pairs were subjected to chiral separation. Figure 3 shows the

separation on a chiral stationary phase betwiemd 2, and effect3*while keeping theék’ range at around 3 for separation
be_tweerB and4 contained in _separated peaks in Fi_gure ik efficiency. The sep[))argtion factogr betwedrHf 2) and Gp+ 4)
chiral stationary phase provided an easy separation bgsed Ofyas 1.0055 in 70% methanol, and smaller at higher methanol
the chirality at thex-carbon betweenRand Sforms, resulting

h . . ) contents. Increase in the size of a substituent padversel
in the total separation of—4. The chiral stationary phase, o y

however could not separate the diastereomers based on thaffected the differentiation of the isotopic chirality. The
. S P . . o e eparation factor of 1.0048 was obtained for diastereomers of
isotopic chirality at G. The polarimetric detection indicates

. X ethyl (E)- and @)-3-phenyl-3-phenybs-glycidate.
the same elution orders between the enantiomersHprand . . ; . .
(2)-isomer mixtures as seen with the direct separatioh-of, Chromatographic separation of chiral compounds owing their

_ chirality to isotopic substitution has been believed to be
(—)-form followed by the {)-form at thea-carbon, although impossible, and such individual isomers have been prepared with
the absolute configuration has not been assigned for each peak

The total separation df—4 was cross-checked by first separat- considerable difficulty. The present results have proved the
ing the &)-form and @)-form on the chiral stationary phase, possibility of differentiation of isotopic chirality, and suggest

followed by the separation into the four individual stereoisomers further study aiming at a direct separation of enantiomers owing
y ep - . : their chirality to isotopic substitution. We can anticipate some
by RPLC. It will be possible to obtain an enantiomer of

hvd boxvli # havi hirality based onl difficulties for such true recognition of isotopic chirality that
i[i _ot)é) rigxgug:triuj)t?ggcfrgﬁql eaciwg?thce I;ZIgratzzeste?ggisgrr]nerswm be one of the extremes of molecular recognition. First of
P P all, it will require a chiral stationary phase with very high

Figure 3. Separation of enantiomers in each of the two peaks in Figure
2 [(a) 1 and2, (b) 3 and4] and of1—4 on a chiral stationary phase (c).

RPLC was employed to provide high efficiency that had enabled
isotope separatiohs 1517 for H/D, 1“N/15N, and60/A70/0.
Chiral stationary phases to be used for the separation of
enantiomers are not as efficient as those for RPLC. Secondly,
Ghe substrate was prepared to have aromatic CH(CD) groups
rather than aliphatic CH(CD) to provide maximum isotope
effects in RPLC, and to have a chiral group directly bonded to
the isotopic chiral center to form diastereomers. Finally,
chromatographic separation was carried out in a mobile phase
with a water content as high as possible to maximize the isotope

(1—4). - T ; X
. . . . . ... efficiency. The efficiencies of chiral stationary phases currentl
The minute but clear separation based on the isotopic chirality y yp y
was enabled by careful selection of the conditions. Firstof all,  (17) Tanaka, N.; Yamaguchi, A.; Araki, M.; Kimata, K. Am Chem
Soc 1985 107, 7780-7781, 77817782. Tanaka, N.; Hosoya, K.; Nomura,
(16) Domagala, J. M.; Bach, R. D.; Wemple JJAm Chem Soc 1976 K.; Yoshimura, T.; Ohki, T.; Yamaoka, R.; Kimata, K.; Araki, Mlature

98, 1975-1977. 1989 341, 727-728.
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available are much lower than those for RPLC. Secondly, direct will allow further estimation for the possibility of the direct
recognition of isotopic chirality will be accomplished on the separation based on isotopic chirality. It will be of much interest
basis of intermolecular interactions between the substituents onto examine the recognition of isotopic chirality with various
chiral centers at a greater distance than the present case, whichost molecules as well as naturally occurring chiral selectors
would be less effective for discrimination of isotopic groups. such as proteins in addition to conventional chromatographic
In the present case, a separation factor of 1.0057 was obtainedtationary phases.

with the phenyl and phenys groups on one chiral center with
the neighboring chiral center about 1.5 A away having a
hydrogen and a methoxycarbonyl group at the eclipsed positions

that would be a favorable arrangement for discrimination. Naoki Tanaka for 500 MHz NMR measurements. This work

Because intermolecular interactions will rarely involve eclipsed was supported in part by a arant from the Ministry of Education
arrangements between the interacting groups such as phenyl, P P yag y )

the separation of noncyclic diastereomers with isotopic chirality JA952774z
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