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The Mechanism and Stereochemistry of Asymmetric Transformation
via Chiral Oxazolines
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The stereoselectivity of asymmetric transformation of 2-substituted alkanoic acids via oxazolines was clari-
fied by measuring the isomeric ratio of 3C-labeled lithio oxazolines by 13C NMR. The mechanism of the process
was discussed from substituent effects of the oxazoline ring and solvent effects on the transformation.

Theoretically, asymmetric transformation of race-
mic compounds into a single optically active form is
one of the best methods to obtain chiral substances.!-?
However, suitable substances for the transformation
have been practically limited to optically labile com-
pounds such as atropisomers.?

In a previous paper,¥ we reported the asymmetric
transformation of optically stable alkanoic acids into
optically active form via chiral oxazolines. In the
transformation, optically active alkanoic acids were
obtained by metalation of oxazolines with butyllithium
followed by quenching the lithio oxazolines by addi-
tion of water, and subsequent hydrolysis (Scheme 1).
In this paper the mechanism and stereochemistry of
the process will be discussed.

Oxazolines 1, 2, and 13C-labeled 1, 2 (1¥*, 2*) were
prepared according to the methods described previous-
ly,? and the epimers (la, 1b, la*, 1b*, 2a, 2b, 2a¥*,
2b*) were separated by silica-gel chromatography.
Each epimer was submitted to the transformation sepa-
rately. Deuterium oxide was used instead of water to
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quench the carbanions to assure the quantitative for-
mation of carbanions (I and II). Thus, 1 and 2 were
converted to the deuterated epimers (1-d and 2-d) as
shown in Scheme 2. The extent of asymmetric induc-
tion through the metallation and protonation pro-
cess was monitored by GLPC analysis. The isomeric
ratios of the intermediate lithio oxazolines were
measured by 13C NMR.

Experimental

IR spectra were measured with a JASCO A-3 spectrometer,
mass spectra were recorded with a Hitachi M-80 mass spec-
trometer, optical rotations were measured with a JASCO
Digital Automatic Polarimeter Model DIP-181. 'H NMR
spectra were obtained with a JNM-PS-100 spectrometer
(100MHz), and chemical shifts are expressed in 6 downfield
from TMS as an internal standard. 13C NMR spectra were
obtained with a JNM-FX-100 (25 MHz), and chemical shifts
are reported in 8 values relative to the B8-THF signal which
we defined as 6 25.0. GLPC analysis was carried out on a
Shimadzu Gas Chromatograph GC-4CM equipped with a
hydrogen flame ionization detector (column: OV-1 0.3
mmX50m).

(4S)-2-(1-Phenylethyl)-4-benzyl-2-oxazoline (1a and 1b). A
mixture of two epimers (la and 1b) was prepared from (4S)-
(—)-2,4-dibenzyl-2-oxazoline and iodomethane according to
the method described previously.¥ The two epimers were
separated by silica-gel chromatography [silica gel 60 pre-
packed column (Merck), 40% ether-hexane].

la: 'H NMR (CDCls) 6=1.54 (3H, d, J=7Hz, CH3sCH),

H RZ ( Rz h D RZ
| Buli CH. D,0 !
0 u o
s<vd womed | | el
cHyPh R L © ® CHy Ph RS
1a,2a (1] la-d, 2a—-d
H R2 'c R2 D R2
BuLi D20
=<3 - :::)-g‘..,’:[ - | =<7
Ph CHy R3 i © =3 Ph CHy RS
1b,2b L 1b—d, 2b—d

1and I : R%=H, R3=PhCH,
2and II: R2=Ph, R3=CH30CH,
Scheme 2.



3532

2.66 (1H, dd, J=14and 8Hz, PhCH3), 3.11 (1H, dd, J=14 and
5Hz, PhCHy), 3.71 (1H, q, J=7Hz, CHsCH, 3.9—4.6 (3H, m),
and 7.2—7.5 (10H, m).

1b: 'H NMR (CDCls) 6=1.52 (3H, d, J=7Hz, CH3CH),
2.66 (1H, dd,J=14 and 8 Hz, PhCH3), 3.13 (1H, dd, J=14 and
5Hz, PhCHy), 3.72 (1H, q, J=7Hz, CH3CH), 3.9—4.6 (3H, m)
and 7.1—7.5 (10H, m).

Absolute Configuration of la and 1b. To determine the
absolute configuration at C-2 exo methine of 1a and 1b, the
mixture of la and 1b (1a:1b=10:90, 133 mg) was hydrolyzed
in 3 M sulfuric acid (1 M=1 moldm=3). The configuration of
the resulting 2-phenylpropionic acid [yield 88%; [a]%® —54.8°
(c 1.6, CHCls) o.p. 72%] was the R-configuration.®

(4S)-2-(1-Phenylf2-13C Jethyl)-4-benzyl-2-oxazoline (1a* and
1b*). A mixture of 8C-enriched la and 1b (la* and 1b¥)
was prepared using ca. 50% enriched [13C]-iodomethane by
the method described previously.¥ The two epimers were
separated by silica-gel chromatography as described above.

(4S,5S)-2-(1-Phenylethyl)-4-methoxymethyl-5-phenyl-2-oxazoline
(2a and 2b). A mixture of two epimers (2a and 2b) was
prepared according to the method described by Meyers
et al.9 The two epimers were separated by silica-gel chroma-
tography [C.I.G. prepacked column (Kusano Kagakukikai
Co.), 1% ethanol-hexane].

2a: 'H NMR (CDCls) 6=1.62 (3H, d, J=7Hz, CHsCH),
3.40 (3H, s, CH30), 3.6 (2H, m) 3.87 (1H, q, J=7Hz, CH3sCH),
4.1 (1H, m), 5.28 (1H, d, J=6Hz, PhCHO), and 7.1—7.5 (10H,
m).

2b: 'H NMR (CDCls) 6=1.60 (3H, d, J=7Hz, CH3CH),
3.40(3H,s, CH30), 3.6 (2H, m), 3.87 (1H, q, J=7Hz, CH3CH),
4.1 (1H, m), 5.25 (1H, d, J=6Hz, PhCHO), and 7.1—7.5 (10H,
m).

Absolute Configuration of 2a and 2b. To determine the
absolute configuration at C-2 exo methine of 2a and 2b,
the mixture of 2a and 2b (6:94, 148mg) was hydrolyzed in
6M sulfuric acid. The configuration of the resulting 2-phen-
ylpropionic acid [yield 85%; [a]¥ —53.8° (¢ 1.6, CHCI3) o.p.
70%] was the R-configuration.®

(4S,5S8)-2-(1-Phenyl[ 2-8C Jethyl)-4-methoxymethyl-5-phenyl-
2-oxazoline (2a* and 2b*). A mixture of 13C-enriched 2a
and 2b (2a* and 2b*) was prepared using ca. 90% enriched
[13C]-iodomethane by the method described previously.®

TABLE 1. ASYMMETRIC TRANSFORMATION OF 1 IN THF
Post metalation
. a) .
period®/min 5 45 300
la:1b  la-d:1b-d D/%1la-d:1b-d D/%1la-d:1b-d D/%
98: 2 82:18 96 83:17 97 83:17 95
49:51 71:29 93 71:29 93 68:32 94
4:96 63:37 91 62:38 95 62:38 95

a) Samples were metalated at —78°C and stirred
for the intervals indicated at —78°C.

TABLE 2, ASYMMETRIC TRANSFORMATION OF 1
IN 25% HMPA-THF

la:1b la-d:1b-d D/%®

98: 2 39:61 94

49:51 41:59 91
4:96 41:59 94

a) Post metalation period was 45 min.

S. SuiBaTA, H. MaTsusHiTa, H. Kaneko, M. NogucHi, T. Sakurai, M. SaBuri, and S. YOSHIKAWA

[Vol. 57, No. 12

The two epimers were separated by silica-gel chromatography
as described above.

Asymmetric Transformation of 1in Tetrahydrofuran. The
three mixtures of la and 1b [13.3mg (0.05mmol); la:1b=
98:2, 49:51, 4:96] were prepared, and each mixture was
dissolved in 1ml of dry tetrahydrofuran under nitrogen
atmosphere. Each solution thus prepared was cooled to —78
°C, and a solution of butyllithium (0.16ml, 0.2mmol) in
hexane was added dropwise to the solution under stirring
at —78°C.? The reaction mixture was stirred for a given
period (5, 45, and 300 min; the post metalation period) at —78
°C, and then 1ml of 25% deuterium oxide-tetrahydrofuran
solution was added and allowed to warm to room temper-
ature. The mixture was extracted with ether, and the organic
layer was washed with brine, dried over sodium sulfate,
and concentrated under reduced pressure. The ratio of
deuterated epimers (la-d and 1b-d) in this residue was deter-
mined by GLPC (170°C), and deuterium incorporation was
detected by Mass and H NMR spectra. The results are
shown in Table 1.

Asymmetric Transformation of 1 in 25% Hexamethlphosphoric
Triamide-Tetrahydrofuran. The three mixtures of la
and 1b [13.3mg (0.05mmol); 1a:1b=98:2, 49:51, 4:96] were
prepared, and each mixture was dissolved in 1ml of dry 25%
hexamethylphosphoric triamide-tetrahydrofuran under
nitrogen atmosphere. The samples were treated as the meth-
od described for the asymmetric transformaiton of 1 in
tetrahydrofuran, and in these reactions the post metalation
period was 45min. The results are shown in Table 2.

BC NMR Measurements of Lithio Oxazolines of ¥C-Labeled
L Five mixtures of 13C-labeled epimers of 1 (la*:1b*=
99:1, 74:26, 49:51, 26:74, 3:97) were prepared. Each mix-
ture (26.6mg, 0.lmmol) was dissolved in 0.2ml of dry
tetrahydrofuran under nitrogen atmosphere, and 0.17ml of
butyllithium in hexane (1.2M, 0.2mmol) was added to the
solution with stirring at —78°C.? The 13C NMR spectrum
of each solution was recorded at —78°C under quantitative
conditions,?-® and showed a major peak at § 16.1 (lithio
oxazoline JA*) and a minor peak at § 18.1 (lithio oxazoline
IB*). After the measurment of the spectrum, 0.2ml of 25%
deuterium oxide-tertrahydrofuran solution was added to
the sample at —78°C. The ratio of the deuterated epimers
(la*-d and 1b*-d) in the resulting mixture was determined
by GLPC analysis as described before. The results are shown
in Table 3.

BC NMR Measurements of Lithio Oxazolines of ¥C-Labeled
2. Five mixtures of 13C-labeled epimers of 2 (2a*:2b*=
95:5, 73:27, 54:46, 30:70, 2:98) were prepared. Each mix-
ture (14.8mg, 0.05mol) was dissolved in 0.3ml of dry tetra-
hydrofuran under nitrogen atmosphere, and 0.071ml of
butyllithium in hexane (1.4M, 0.1 mmol) was added to the
solution with stirring at —78°C.” The 13C NMR spectrum of
each solution was recorded as described above, and showed
two peaks at 6 15.8 (lithio oxazoline ITA*) and 6 18.0 (lithio

TABLE 3. ASYMMETRIC TRANSFOMATION OF 1* IN THF

la*:1b* T1A*(616.1):IB*(618.1) la*-d:1b*-d
99: 1 94: 6 85:15
74:26 83:17 80:20
49:51 73:27 73:27
26:74 66:34 69:31
3.97 55:45 62:38
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oxazoline IIB*). After the measurment of the spectrum, 0.1 ml
of 25% deuterium oxide-tetrahydrofuran was added to the
sample at —78°C. The ratio of the deuterated epimers
(2a*-d and 2b*-d) in the resulting mixture was determined
by GLPC analysis as described before. The results are shown
in Table 4.

(4R ,5R )-2-(1-Phenylethyl)-4-methyl-5-p henyl-2-oxazoline (4).
(4R,5R)-2-Benzyl-4-methyl-5-phenyl-2-oxazoline was pre-
pared from (—)-norpseudoephedrine and ethyl 2-phenyl-
acetimidate by the method described previously.® The ob-
tained oxazoline was alkylated by iodomethane according
to the method described by Meyers et al. to give 4:9 IR (neat
1670cm—!; tH NMR (CDCls) 6=1.35 (3H, d), 1.60 (3h, d), 3.8
(2H, m), 4.77 (1H, d), and 6.8—7.5 (10H, m); MS (70eV) m/z
(rel intensity) 265 (M*; 2), 160 (19), 159 (86), 144 (23), 106 (5),
105 (100), and 77 (16).

(4R,5S)-2-(1-Phenylethyl)-4-methyl-5-phenyl-2-oxazoline (5).
(4R ,5S)-2-Benzyl-4-methyl-5-phenyl-2-oxazoline was prepared
from (+)-norephedrine, and this oxazoline was alkylated to
give 5 by the same method as described above: IR (neat)
1670cm~1; 'H NMR (CDCls) 6=0.74 (3H, d), 1.59 (3H, d), 3.8
(1H, m), 4.3 (1H, m), 5.37 (1H, d), and 6.8—7.4 (10H, m);
m/z (rel intensity) 265 (M*; 4), 160 (28), 159 (79), 144 (34), 105
(100), 79 (28), and 77 (33).

Hydrolysis of 4 and 5 before and after the Asymmetric Trans-
formation. 4 and 5 were hydrolyzed before and after the
asymmetric transformation as described previously to give
chiral 2-phenylpropionic acid,? and the results are shown in
Table 5.

Results and Discussion

Asymmetric Transformation of I After the
asymmetric transformation of 1 in tetrahydrofuran, la
(98%) gave a deuterated mixture of la-d and 1b-d in a
ratio of 8:2, and 1b (96%) gave it in a ratio of 6:4 as
shown in Table 1. In this transformation the config-
uration at C-2 exo methine of 1a was retained ca. 80%,
whereas in the case of 1b inversion of the configura-
tion predominated over retention of the configuration.
This difference is not due to insufficient deprotonation

TABLE 4. ASYMMETRIC TRANSFORMATION OF 2% IN THF
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from la or 1b because deuterium incorporation was
above 90% in both cases. The post metalation period
(stirring period of the reaction mixture after the addi-
tion of butyllithium) was varied in the range of 5min,
45min, and 300 min to examine the effect on the trans-
formation. As shown in Table 1, ratios of the result-
ing epimers were practically independent on the post
metalation period.

To clarify solvent effects, the transformation was
performed in 25% hexamethylphosphoric triamide-
tetrahydrofuran solution. The results are shown in
Table 2. In this case, both 1a (98%) and 1b (96%) gave
la-d and 1b-d in a ratio of 4:6 with deuterium incor-
poration above 90% in contrast with the results ob-
tained in tetrahydrofuran.

These results indicate that the ratio of intermediate
lithio oxazolines fomed in 25% hexamethylphosphoric
triamide-tetrahydrofuran solution did not depend on
that of 1a and 1b. On the other hand the ratio of the
lithio oxazolines formed in tetrahydrofuran solution
depended on that of starting epimers, and once they
were formed the ratio did not change under the ex-
perimental conditions.

BC NMR Measurment of Intermediate Lithio Oxazolines.
This asymmetric transformation consists of the forma-
tion of lithio carbanions and successive protonation
to them. To elucidate the mechanism of the process
in tetrahydrofuran, the ratio of the lithio oxazolines
was measured by 3C NMR. In order to facilitate the
13C NMR measurement, 3C-enriched oxazolines (la*
and 1b*) were synthesized. The mixtures of la* and
1b* were prepared in various epimeric ratios and dis-
solved in tetrahydrofuran. Yellow solutions of lithio
oxazolines were obtained by adding butyllithium. Two
signals due to 13C-enriched methyl carbon were ob-
served at 6 16.1 (IA*) and & 18.1 (IB*). After integra-
tion of these two signals (Table 3), the lithio oxazolines
were quenched by deuterium oxide. 1H NMR spectra
showed that deuterium was incorporated to the exo
methine carbon, a to the oxazoline ring. The ratios
of the resulting deuterated la*-d and 1b*-d are sum-

2a*:2b* IIA%(515.8): 1IB*(518.0)  2a*-d:2b*.d marized in Table 3.
95: 5 91: 9 76:94 The relatlf)ns.hlps bet.ween the ratio of la*: ll?*
73.27 76:24 70:30 and that of lithio oxazolines (IA*:IB*), and the ratio
54:46 67:33 66:34 of lithio oxazolines and that of 1a*-d:1b*-d are shown
30:70 54:46 60:40 in Figs. 1 and 2, respectively.
2:98 37:63 53:47 Previously, the stereochemistry of the lithio carban-
TABLE 5. HYDROLYSIS OF 4 AND 5 BEFORE AND AFTER THE ASYMMETRIC TRANSFORMATION
Before the transformation After the transformation
Yield b el b
el [o]B Op_ Config. Yl—ed [o]B Op Config.
4 80 +0.7° 1 60 —13° 17 R
5 75 +1.5° 2 65 —26° 34 R

a) The concentrations at which the rotations were taken were ca. 2g/100ml in chzlsoroform. b) Opti-
cal purities were based upon the highest literature values available: Ref. 5b; [@]p +76.3° (c 1.6, CHCla).
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ions of (4S,55)-2-[2-13CJethyl-4-methoxymethyl-5-phen-
yl-2-oxazoline (3*) were established by Meyers et al.9
and Newcomb et al.1® Therefore, (4S,5S)-2-(1-phenyl[2-
18C]Jethyl)-4-methoxymethyl-5-phenyl-2-oxazoline (2%),
which has an analogous structure to 3* and also
to 1*, was prepared and treated in the same manner
as described for 1* to clarify the stereochemistry of the
intermediate lithio oxazolines. Two signals due to 13C-
enriched methyl carbon of the lithio oxazoline were
observed at 6 15.8 (IIA*) and & 18.0 (IIB*). The results
for the stereoselective transformation are summarized
in Table 4, Fig. 3, and Fig. 4.

Stereochemastry of Intermediate Lithio Oxazolines.

In the case of 1* and 2*, 1H NMR spectra showed that
deuterium was incorporated to the exo methine car-
bon, a to the oxazoline ring. Two signals due to 13C-
enriched methyl carbon were observed for 1* and 2*,
respectively, in 13C NMR spectra. These spectral data
indicate that intermediate lithio oxazolines (I, II) exist
as mixtures of E- and Z-isomers.

The relationship between the structure of lithio oxa-
zoline of 3* and the chemical shift of its 3C-enriched
methyl carbon was established by Meyers et al.? and
Newcomb et al.1® They assinged, in tetrahydrofuran
solutions, a high field peak to IIIA* and a low field
one to IIIB*, respectively (Fig. 5).

According to the above structual assignment, in the
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TABLE 6. CHEMICAL SHIFTS ASSIGNMENTS OF I*—JII*

ppm ppm
IA* 16.1 IB* 18.1
IIA* 15.8 IIB* 18.0
IIIA* 10.9% IIIB* .79
a) Ref. 9.
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case of 1* and 2¥, lithio oxazolines IA*, IB*, IIA*, and
IIB* are assigned to the structures illustrated in Fig.
6 from their chemical shifts. Chemical sifts of 13C-
enriched methyl signals of I*—III* are summarized in
Table 6.

Stereoselectivity of Asymmetric Transformation. The
selectivities of the formation of the lithio oxazolines
from 1* and 2%, and that of deuterated epimers from
the lithio oxazolines were calculated from the slopes
of the straight lines in Figs. 1—4. Since the structures
of lithio oxazolines were assigned as described above,
the selectivities of the asymmetric transformation are
illustrated in Schemes 3 and 4.

In the case of 1*, retention of the stereochemistry of
la* was explained by the selective formation of IA*
from la* and that of 1a*-d from IA*. Inversion of the
stereochemstry of 1b* was accounted for by the pref-
erential formation of IA* from 1b* and by the par-
tial formation of la*-d from IB*. 2* also showed the
same trend of stereoselectivity to 1*. However in the
case of 2%, the stereoselectivity of deuterium incor-
poration was slightly lower than that of 1*. This fact
can be explained by the steric effect of substituents at
oxazoline ring of 2* which has a phenyl group on the
oppsite side of a methoxymethyl group. The deuterium
approach from the top side of the ring may be interfered
to some extent by the phenyl group.

In both cases of 1* and 2%, deuterium was incor-
porated from the top side of the oxazoline ring, and
this stereoselectivity is seemed to be determined by
steric effects at 4 position of the oxazoline ring. To
elucidate the steric effects of substituents at 4 and 5
positions, asymmetric transformation of oxazolines 4
and 5 was examined. Configurations of the acids ob-
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?Hs 1, CH3
Ph-cu-k,?_}i:i’ Ph—CH—< jc"'s
3 4
4 5

tained by hydrolysis of 4 and 5 after the asymmetric
transformation were both R-configuration as shown
in Table 5. Because the configuration of the resulting
acids was not affected by the C-5 configuration, steric
effects of a 5 positioned substituent was accounted to
be smaller than that of a 4 positioned substituent.

From above results, at first deuterium is considered
to approach stereoselectively to the nitrogen of the
oxazoline ring, and in this approach the selectivity
would be substantially affected by the 4 positioned
substituents.

This stereoselective deuterium approach and the
subsequent stereoselective deuterium transfer to the a
carbon would result in the deuterium incorporation to
the oxazoline anions (I and II) from the top side of the
ring. This stereoselective process is well correspond
to that observed in the asymmetric transformation of
carbonyl compounds via enamines.1V
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