No. 3 747

[Chem. Pharm. Bull. UDC 547.466.2.04 : 547.24.04
27(3) 747757 (1979)

Synthesis of optically Active a-Alkyl or a-Aryl Acids from
L-a-Amino Acids by the Use of Organocopper Reagents
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With an aim to further explore the utility of L-a-amino acids (I) in the synthesis of
optically active compounds, the reaction of optically active a-tosyloxy acids and their
derivatives (III) readily obtainable from I, with several types of organocopper reagents
were studied.

Although there still remain some ambiguity in the formation of unusual reaction
products such as the f-keto ester (d/-6) and the vicinal diol ((R)(-)-13) and in lower yields
for the substitution products, it has become evident that when optically active «-tosyloxy
acids prepared from L-phenylalanine, L-alanine, and L-leucine, respectively, are treated
with lithium dialkyl- or diarylcuprates, the substitution reactions can proceed with almost
full inversion to give corresponding optically active a-alkyl or «-aryl acids in max. 63%,
yield.

Keywords——optically active a-alkyl acids; optically active a-aryl acids; L-x-amino
acids; organocupper reagents; optically active a-tosyloxy acid esters; optically active
a-tosyloxy acids; f-keto ester; wvicinal-diol; inversion; deamination

Several kinds of L-a-amino acids (I) have been utilized as starting materials for the total
syntheses of optically active natural products. Thus, various structural types of optically
active isoquinoline alkaloids® and some representatives of optically active Amaryllidaceae
alkaloids® have been elaborated from r-3,4-dihydroxyphenylalanine and r-tyrosine, respec-
tively. The syntheses of optically active monosaccharides,? terpenes,® and piperidine and
tropane alkaloids® have been accomplished by using I such as r-glutamic acid, r-alanine,
r-lysine, and p-phenylalanine, as starting materials.

In these total syntheses, I are incorporated into the synthetic schemes directly, or after
they are first converted into the corresponding optically active a-hydroxy acids (II) and their
derivatives. Optically active natural products having asymmetric centers which carry no
heteroatoms such as nitrogen and oxygen, have never been constructed from I because of
the lack of efficient methodology for replacing the a-amino functionality of I by alkyl or aryl
group without a loss of stereochemical integrity.

Since optically active e-alkyl or «-aryl acids (IV: X=H) are considered quite useful for
the preparation of optically active compounds including natural products such as phero-

1) Location: Hongo, Bunkyo-ku, Tokyo 113, Japan; a) To whom all correspondence should be addressed.

} a) (S)(+)-laudanosine: M. Konda, T. Shioiri, and S. Yamada, Chem. Pharm. Bull. (Tokyo), 23, 1025

(1973); b) (S)(+)-reticuline: M. Konda, T. Shioiri, and S. Yamada, ¢bid., 23, 1063 (1973).

3) a) (4)-maritidine: K. Tomioka, K. Koga, and S. Yamada, Ckem. Pharm. Bull. (Tokyo), 25, 2681 (1977);
b) (+)- and (—)-galantamine: K. Shimizu, K. Tomioka, S. Yamada, and K. Koga, Heterocycles, 8, 277
(1977) ; idem, Chem. Pharm. Buil. (Tokyo), 26, 3765 (1978).

_4) a) p-pentose: M. Taniguchi, K. Koga, and S. Yamada, Tetrahedron, 30, 3547 (1974); b) M. Ohzeki,
T. Mizoguchi, K. Koga, and S. Yamada, Chem. Pharm. Bull. (Tokyo), 25, 2676 (1977).

5) (R)(-+)-epoxygeraniol, (R)(+)-epoxyfarnesol, (R)(+)- and (S)(—)-squalene-2,3-oxide: S. Yamada,
N. Oh-hashi, and K. Achiwa, Tetrakedvon Lett., 1976, 2557 and 2561.

6) a) (S)(+)-coniine: K. Aketa, S. Terashima, and S. Yamada, Chem. Phaym. Bull. (Tokyo), 25, 621 (1976);

b) (—)-littorine and (—)-hyoscyamine: S. Yamada, K. Koga, T.M. Juang, and K. Achiwa, Chemistry
Lett., 1976, 927. ’
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‘momes” and macrolides,® an efficient method which could produce IV(X=H) from I, was
sought.

There have been no reported methods for substituting the amino group at asymmetric
carbon with alkyl or aryl group except one reaction which can directly construct carbon-
carbon bond from- carbon-nitrogen bond by way of amino nitrene with partial retention of
configuration.” Therefore, the preparation of IV(X=H) is attempted by allowing to react
optically active a-tosyloxy acids and their derivatives (III), being easily accessible from I
by way of II, with carbon nucleophiles. As sources of carbon nucleophiles, usual organo-

COOH COOH cooX . COO0X
3 2 H
HZN'—-C-—H — HO-—C-—H > TosO= C=H ——a  He (R
B ke R R
I II I IV

- R*=C;H,CH,, CH,, (CH,),CHCH,, eic.
R2=CH,, C;H;, n-C,H,, efc.
X=H,C,H;, ¢-C,H,, efc.

copper reagents'® are chosen because it is well established that organocopper reagents
substitute tosyloxy group at asymmetric carbon with full retention'®'® and are not prone
to attack carbonyl groups!®~'2 of ketones,2#) carboxylic amds,lzb’ esters,”»? and lactones™®
without some exceptional cases.!® -

Although III are seemingly quite racemizable under a basic condition because of their
enhanced acidity of the asymmetric carbon, we have succeeded in substituting the oc—tosyloxy
group of III with almost full inversion by employing organocopper reagents.

This report descmbes our studies on the novel synthesis of IV(X=H) from I by way
of IT and IIL.

Results and Discussion

Among several possible substrates for the substitution reaction with organocopper
reagents, (S)(—)-ethyl 8-phenyl-2-tosyloxypropionate ((S)(—)-3) was first selected as a reac-
tion substrate because of its ready accessibility, and was prepared from vr-phenylalanine
(z-1). '

As shown in Chart 1, deamination of r-1 according to the reported procedure,'® gave
(S)(—)-2-hydroxy-3-phenylpropionic acid ((S)(—)-2), [«]§ —25.9° (acetone), which on esteri-
fication'® and tosylation, readily afforded optically pure (S)(—)-3, [«]y® —43.7° (ethanol).

7) R. Rossi, Synthesis, 1978, 413.

8) a) K.C. Nicolaou, Tetrahedron, 33, 683 (1977); b) S. Masamune, G.S. Bates, and J.W. Corcoran, Angew.
Chem. Int. Ed. Engl., 16, 585 (1977).

9) S. Terashima, M. Wagatsuma, and S. Yamada, Chem. Pharm. Bull. (Tokyo), 18, 1137 (1970).

10) G.H. Posner, “Organic Reactions,” Vol. 22, John-Wiley and Sons, Inc., New York, London, Sydney,

. Toronto, 1975, p. 253.

11} a) C.R. Johnson and G.A. Dutra, J. Am. Chem. Soc., 95,7783 (1973); b) G.M. ‘Whiteside, W.F. Flscher,
Jr., J.S. Filippo, Jr., R.W. Bashe, and H.O. House, ibid., 91, 4871 (1969).

12) a) C.R. Johnson and G.A. Dutra, J. Am. Chem. Soc., 95, 7777 (1973); b) E.]J. Corey and G.H. Posner,
ibid., 90, 5615 (1968); c¢) R.J. Anderson, C.A. Henrick, and J.B. Siddall, 4bid., 92, 735 (1970); d) C.
Descoins, C.A. Henrick, and J.B. Siddall, Tetrahedron Lett., 1972, 3777; = e) U. Ravid, R.M. Silverstein,
and L.R. Smith, Tetrahedron, 34, 1449 (1978). ~

:13). a) E.J. Corey and I. Kuwajima, J. 4m. Chem. Soc., 92, 395 (1970); &) E.J. Corey, M. Narisada, T.

: Hiraoka, and R.]. Ellison, 4bd., 92, 396 (1970).

14) S.G. Cohen and S.Y. Weinstein, J. 4dm. Chem. Soc., 86, 5326 (1964).
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Chart 1

Reaction of (S)(—)-3 with lithium dimethylcuprate!® was found to give a complex reac-
tion product from which desired (—)-ethyl 2-methyl-3-phenylpropionate((—)-4), [«]3 —81.9°
(chloroform), could be isolated by column chromatography. The yield of (—)-4 could be
determined as 199, by gas-liquid chromatography (GLC). Since the optical purity and
absolute configuration of (—)-4 thus obtained, was established as 899, and (R)-series, respec-
tively, by comparing its optical rotation with that of (S)(+)-4. [a]% +25.7° (chloroform),
prepared from(S)(+)-2-methyl-3-phenylpropionic acid((S)(+)-5), & --0.384° ({=0.02, neat),
719, optically pure,'6:1? it became evident that the extent of inversion for the substitution
reaction was 899.

In addition to the desired product((R)(—)-4), another oily reaction product which was
more polar than (R)(—)-4 and showed no optical activity, was isolated in 439, yield by the
chromatographic separation. This oily sample also exhibited a reddish violet color charac-
teristic to f-keto ester in contact with aqueous ferric chloride solution. The structure of this
compound was verified as dl-ethyl 2-benzyl-3-oxo-5-phenylpentanoate (d/-6) by its chemical
and spectral properties and by identification with an authentic sample prepared from ethyl
acetoacetate.’® TFormation of 4/-6 might be explained by the mechanism visualized in
Chart 2. Thus, the copper enolate (7) derived directly from (S)(—)-3 or by way of the
initial substitution product (8), might attack another molecule of (S)(—)-3 in the same
manner as that for Claisen condensation, to produce the f-keto ester (9) which have a tosyloxy
group at the y position. Further reaction of 9 with dimethylcuprate anion to expel the
y-tosyloxy group, followed by protonation on aqueous workup, gives d-6.1%

Next, improvement of the chemical yield for (R)(—)-4 was attempted using several
tertiary amines and amides as additives?” because these compounds had been known to

15) Reactions with lithium dialkyl or diarylcuprate were all performed under complete argon atmosphere.

16) For the absolute configuration of (S)(4-)-5, see, S. Yamada and S. Terashima, Chem. Phaym. Buil.
(Tokyo), 16, 1816 (1968); S. Terashima and S. Yamada, ¢bid., 16, 1953 (1968).

17) The (S)(+)-acid ((S)(+)-5) showing «f -+2.686° ({=0.1, neat), was assumed to be optically pure. See,
S. Terashima, M. Nara, and S. Yamada, Chem. Pharm. Bull. (Tokyo), 18, 1124 (1970).

18) S.N. Huckin and L. Weiler, J. Am. Chem. Soc., 96, 1082 (1974).

19) The loss of optical activity is quite reasonable when the f-keto ester functionality of d/-6 is taken into
consideration.

20) 1,4-Diazabicyclo[2,2,2]octane (DABCO), 1,5-diazabicyclo[5,4,0]undec-5-ene (DBU), N,N,N,N-tetra-
methylethylenediamine (TMEDA), 1,8-bis(dimethylamino)naphthalene (Proton Sponge), and hexa-
methylphosphoroamide (HMPA) were used as additives. See, experimental.
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(—)-19 : R= (CH,),CHCH,; R*=CH,

Chart 3

(R)
(S)
(S)
(R)

increase nucleophilicity of organometalic
reagents.??  However, these operations
were found to be completely useless for
increasing the yield of (R)(—)-4.

Since the lower yield of the substitu-
tion product((R)(—)-4) might be partially
due to the reaction of dimethylcuprate
anion with the ester group, it is quite
reasonable to expect that (S)-f-butyl 2-
methyl-3-phenylpropionate((S)-10) could
afford a better yield of the substitution
product((R)-11) on treatment with lithium

dimethylcuprate. This is because the steric hindrance of ¢-butyl group should protect the

ester carbonyl group from the attack of dimethylcuprate anion.

to be the case.

This expectation was found

Thus, when (S)-10%» obtained from (S)(—)-2 by successive acetylation, esterification with
isobutene, alkaline hydrolysis, and tosylation, was treated with lithium dimethylcuprate,!®

the desired (R)(—)-11%32% was produced in 319, yield (GLC).

From this result, it appears

that protection of the carbonyl group adjacent to the reaction site from the attack by
dimethylcuprate anion, can improve the chemical yield of the desired substitution product.
Therefore, the carboxylate anion which can be produced by the reaction of carboxylic acid
with lithium dimethylcuprate, was selected as a protected form of carbonyl group.

21) For example, see, T. Sone, S. Terashima, and S. Yamada, Chem. Phaym. Bull. (Tokyo), 24, 1293 (1976).

22) Measurement of the optical rotation for this compound was not performed. ‘

23)  Although the structure of (R)(—)-11 was fully confirmed by its spectral data, its optical purity could not
be determined since preparation of (S)-11 from (S)(+4)-5 was not performed.

24) Examination on the reaction products other than (R)(—)-11 was not carried out in this case.
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The reaction substrate, (S)(—)-3-phenyl-2-tosyloxypropionic acid ((S)(—)-12), was simi-
larly prepared from (S)(—)-2. Esterification of (S)(—)-2 with benzyl alcohol gave the
corresponding benzyl ester, which on tosylation and reductive cleavage of the benzyl ester,
yield ed optically pure (S)(—)-12, [«]y —46.9° (chloroform), in 849, yield from (S)(—)-2.

Reaction of (S)(—)-12 with lithium dimethylcuprate'® followed by the usual esterifica-
tion with ethanol and thionyl chloride, afforded a 55—639%, yield(GLC) of (R)(—)-4, [«]3
—32.1° (chloroform).’® The extent of inversion for the substitution reaction could be simi-
larly calculated as 899, (vide supra).l?

In order to elucidate the full scope of the substitution reaction exploited here, similar
substitution reactions were examined by employing different kinds of organocopper reagents
and by utilizing several types of III(X=H) derived from I other than r-1, as reaction
substrates.

When (S)(—)-12 was treated with lithium di-n-butylcuprate,' the unexpected product,
(R)(4)-3-n-butyl-1-phenyl-2,3-heptanediol ((R)(+)-13), was isolated as the sole isolable reac-
tion product in 75%, yield instead of the desired a-alkyl acid ((R)-14). Based on the studies
described in detail in the accompanying paper,? the structure of (R)(-)-13 including its
absolute configuration, was clearly established. Formation of (R)(+)-13 from (S)(—)-12
might be rationalized by the reaction mechanism in which lithium di-z-butylcuprate behaves
in complete the same manner as #-butyllithium.? The reason why lithium di-z-butylcuprate
follows the reaction course being different from that for lithium dimethylcuprate, is obscure,
but some dilicate difference of steric and electronic nature between two sorts of the organo-
copper reagents might account for the observed results.

On the other hand, when lithium di-n-butylcuprate was allowed to react' with optically
pure (S)(—)-2-tosyloxypropionic acid((S)(—)-15),29 [«]3 —43.4° (chloroform), prepared from
L-alanine by a similar method to that for (S)(—)-12, (S)(4)-2-methylhexanoic acid((S)(+)-
16),2" [a]} +20.0° (ether) and o 4-0.333° (/=0.02, neat), was obtained in 829, isolated yield?®
with almost full inversion (102% or 989, based on calculation).?® Lithium diphenyllithium
also reacted with (S)(—)-15,! similarly giving (S)(+4)-2-phenylpropionic acid((S)(+)-17),3®
[ap® 4-76.9° (ethanol), in 129, isolated yield® and with 95% inversion.3" In addition,
reaction of (S)(—)-4-methyl-2-tosyloxypentanoic acid((S)(—)-18), [«]5 —47.6° (chloroform),
derived from r-leucine, with lithium dimethylcuprate'® was found to afford (R)(—)-2,4-di-
methylpentanoic acid((R)(—)-19),%® [«]i —21.1° (ether), in 279, isolated yield®® and with
almost full inversion (1099, based on calculation).?®

Summing up the above results, it might be concluded that treatments of optically pure
III(X=H) derived from I, with lithium dialkyl or diarylcuprate result in the formation of

25) S. Terashima, C.C. Tseng, M. Hayashi, and K. Koga, Chem. Pharm. Bull. (Tokyo), 27, 758 (1979).

26) J. Kenyon, H. Phillips, and H.G. Turley, J. Chem. Soc., 127, 399 (1925).

27) The (+)-acid is reported to have (S)-configuration; a) J. Jacques, C. Gros, and S. Bourcier, “Stereo-

' chemistry, Fundamentals and Methods,” Vol. 4, ed. by H.B. Kagan, Georg Thieme Publishers, Stuttgart,
1977, p. 66; b) W. Klyne and J. Buckingham, ‘“Atlas of Stereochemistry,” Chapman and Hall, London,
1974, p. 65.

28) In this case, the reaction product was isolated without esterification. Examinations on the reaction
products other than the normal substitution product were not carried out.

29) The (S)(+)- and (R)(—)-acid ((S)(+)- and (R)(—)-16) showing [«]% +19.6° (c=5.50, ether) and [«]3
—18.7° (neat), df° 0.909, respectively, were assumed to be optically pure. P.A. Levene and L.W. Bass,
J. Biol. Chem., 70, 211 (1926)., and P.A. Levene and R.E. Marker, 98, 1 (1932).

30) The (+)-acid ((+)-17) belongs to (S)-series. See, S. Terashima and S. Yamada, Chem. Pharm. Bull.
(Tokyo), 16, 1953 (1968).

31) The acid ((S)(+)-17) showing [«]F +81.1° (¢=38.108, ethanol), was assumed to be optically pure. H.S,
Raper, J. Chem. Soc., 123, 2557 (1923).

32) The (+)-acid ((4)-19) is reported to have (S)-configuration. See, ref. 27a.

33) The (S)(+)-acid ((S)(4)-19) showing [«]% +19.4° (c=5.23, ether) was assumed to be opt1ca11y pure.
P.A. Levene and L.W. Bass, J. Biol. Chem., 70, 211 (1926).
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IV(X=H) with almost full inversion. Although there still remain some ambiguity in the
formation of unusual reactin products such as dl-6 and (R)(+)-13 and in lower yields of the
substitution products, the overall process developed here would further explore the utility
of I in the synthesis of optically active compounds.

Experimental®®

~ (S)(—)-2-Hydroxy-3-phenylpropionic Acid ((S)(—)-2) and Its Ethyl Ester Deamination of commercial-
ly available L-1 using sodium nitrite in 5%, sulfuric acid according to the reported procedure,!¥) gave optically
pure (S)(—)-2, mp 126.5—128.5° (recrystallized from petr. ether—ether), [«]% —25.9° (c=38.24, acetone)
(lit.," mp 126—127°, [«]¥ —27.8° (c=3.78, acetone)).

Esterification of (S)(—)-2'® with ethanol and p-toluenesulfonic acid monohydrate (catalytic amount),
yielded the corresponding optically pure ethyl ester, bp 105—109° (0.1 mmHg), mp 47—49°, [«]¥ —21.4°
(¢=4.61, benzene) (lit.,’® mp 46—47°, [¢]% —22.6° (c=4.33, benzene)).

(S)(—)-Ethyl 3-Phenyl-2-tosyloxypropionate ((S)(—)-3) A pyridine solution (50 ml) of (S)(—)-ethyl
2-hydroxy-3-phenylpropionate (20.0 g, 0.103 mol) was gradually added to a solution of tosyl chloride (29.5 g,
0.155 mol) in pyridine (50 ml) cooled in an ice bath. After stirring at room temperature overnight, the reac-
tion mixture was poured onto a crushed ice (ca. 200 g). The aquecus mixture was extracted with ethyl
acetate, and the combined ethyl acetate extracts were successively washed with 109 HCI, H,O, satd. CuSO,,
H,0, satd. NaHCO,, and satd. NaCl. After drying over anhyd. MgSO,, filtration and evaporation iz vacuo
gave the crude product as a pale yellow oil (41.8 g). A half of the residual 0il (20.9 g) was purified by column
chromatography (silica gel, solvent petr. ether: hexane: ether: ethyl acetate 2: 2: 1: 1) to give pure (S)(—)-3
as a colorless oil (15.2 g, 85%), [«]3® —43.7° (¢=6.53, ethanol). IR »22 cm-1: 1760 (ester), 1370, 1175
(SO;). NMR (in CDCly): 1.13 (3H, t, /=6 Hz, OCH,CH,), 2.31 (3H, s, CH,C.H,), 2.75—3.40 (2H, m, C,H;-
CH,CH), 4.05 (2H, q, J=6 Hz, OCH,CH,), 4.90 (1H, doubled d, J=6 and 7 Hz, CH,CHO), 6.70—7.30
(7H, m, other aromatic protons), 7.49 (2H, d, /=9 Hz, aromatic protons or#%o to SO,). MS: m/e: 348 [M*],
274, 176, 175, 154, 147, 130, 103, 91, 90. This oily ester gradually solidified as colorless crystals, mp 34—36°,
when kept at —20° for several days.

(S)(+)-Ethyl 2-Methyl-3-phenylpropionate ((S)(+)-4)——This was prepared by esterification of (S)(+4)~
5,10 a® 4-0.384° (1=0.02, neat), 71% optically pure,’” with ethanol and thionyl chloride. After usual workup,
distillation gave pure (S)(-)-4 as a colorless oil, bp 102° (7 mmHg) (1it.,3 bp 90° (4.5 mmHg) for di-4),
[a]? +25.7° (¢=2.07, chloroform). IR »il®cm~1: 1735 (ester). NMR (in CDCly): 1.03 (3H, d, J=6 Hz,
CH,CH), 1.05 (3H, t, /=7 Hz, OCH,CH,), 2.30—3.25 (3H, m, C;H;CH,CH), 3.98 (2H, q, /=7 Hz, OCH,CH,),
7.06 (5H, s, C4Hy), Since the optical purity of (S)(+)-5 utilized here is 71%,, the optical rotation of optically
pure (S)(--)-4 can be calculated as [«]3 +-36° (chloroform).

di-Ethyl 2-Benzyl-3-oxo-5-phenylpentanoate {d-6) To a stirred suspension of sodium hydride (50%,
oily suspension) (0.54 g, 11 mmol) in anhyd. tetrahydrofuran (20 ml) was added ethyl acetoacetate (1.30 g,
10 mmol) at —5—0°. After stirring at the same temperature for 20 min, an ethereal solution of n-butyl-
lithium (2.01 M solution, 5.2 ml, 10.5 mmol) was added to the reaction mixture at —20°, and the stirring
was continued for 1 hr at —20—0°. To the solution of the dianion prepared above,'® was gradually added
benzyl bromide (5.13 g, 30 mmol) at —10—0°. After the addition was over, the cooling bath was removed
to raise the temperature of the reaction mixture to room temperature, then the whole mixture was refluxed
for 45 hr. The reaction was quenched by adding a mixture of conc. HCI (3 ml) and satd. NH,C1 (10 ml), and
the upper organic phase was separated. After saturated with NaCl, the aqueous layer was further extracted
with ether and ethyl acetate. The combined organic extracts were washed with satd. NaCl, and dried over
anhyd. MgSO,. Filtration and evaporation ¢ vacuo gave a brown oil (4.21 g), a part of which (1.00 g) was
purified by column chromatography (silica gel, solvent hexane: benzene: ether 8:1:1), giving di-6 as a
brown oil (272 mg, 37%). -This was further submitted to fractional distillation to afford pure dl-6 as a faint
yellow oil, bp 178° (1 mmHg). IR »ie cm~1: 1750, 1720, 1645 (weak) (f-keto ester). NMR (in CDCly):
1.10 (3H, t, /=7 Hz, OCH,CH,), 2.75 (4H, m, 2 x CgH;CH,), 3.10 (2H, m, C;H;CH,CH,), 3.75 (1H, doubled
d, /=7 and 8 Hz, C;H;,CH,CH), 4.10 (2H, q, /=7 Hz, OCH,CHj), 7.15 (10H, two singlets, 2 x C;H;). MS:

34) All melting and boiling points are uncorrected. Infrared (IR) spectra were recorded with a JASCO
IRA-1 Grating Infrared Spectrometer. Nuclear magnetic resonance (NMR) spectra were measured
with a JNM-PS 100 Spectrometer (100 MHz) and a Hitachi R-24 High Resolution NMR Spectrometer
(60 MHz). All signals are expressed by the ppm downfield from tetramethylsilane used as an internal
standard (6 value). Following abbreviations are used: singlet (s), doublet (d), triplet (t), quartet (q),
multiplet (m), broad (br). Measurements of optical rotations were carried out using a YANACO
OR-50 Automatic Polarimeter. Mass spectra (MS) were taken with a JEOL JMS SG-2 Mass Spectro-
meter. GLC analyses were performed using a Hitachi Gas Chromatograph 023.

35) S.G. Cohen and A. Milovanic, J. Am. Chem. Soc., 90, 3495 (1968).
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mfe: 310 [M+], 265, 237, 218, 176, 130, 104. Anal. Caled. for CyoH,,04: C, 77.39; H, 7.14. Found: C, 77.60;
H, 7.17. ‘ . :

Reaction of (S)(—)-Ethyl 3-Phenyl-2-tosyloxypropionate ((S)(—)-3) with Lithium Dimethylcupratels
To a stirred mixture of cuprous iodide (1.52 g, 8.0 mmol) and dibenzyl (232 mg, 1.27 mmol, internal standard
for GLC analysis) in ether (20 ml) was added dropwise an ethereal solution of methyllithium (1.67 m solution,
9.6 ml, 16 mmol) at —10-—0° to afford a solution of lithium dimethylcuprate.

An ethereal solution (4 ml) of (S)(—)-3 (1.39 g, 4.0 mmol) was gradually added to the solution of lithium
dimethylcuprate in ether at —10—0°, then the whole mixture was stirred at the same temperature for 3 hr.
The reaction was quenched by the addition of a mixture of 10% HCI (4 ml) and satd. NH,Cl (36 ml), and the
whole was extracted with ethyl acetate. The combined organic extracts were washed with satd. NaCl,
then dried over anhyd. MgSO,. Filtration and evaporation iz vacuo gave a yellow oil (923 mg), which was
submitted to quantitative GLC analysis (30% SE-30 on Diasolid L, 1 m, 110°, 1 kg/cm?: (R)(—)-4, retention
time 11 min; dibenzyl, retention time 24 min). The GLC analysis disclosed that the evaporation residue
(923 mg) contained 151 mg (19%) of (R)(—)-4. Separation of the evaporation residue by column chromato-
graphy (silica gel, solvent, petr. ether: hexane: ethyl acetate 10:10: 1) gave (R)(—)-4 as a colorless oil
(154 mg, 19%), [«]5 —381.9° (¢=0.216, chloroform). Since (S)(+)-4 showing [«]® -36° (chloroform) is
assumed to be optically pure, the optical purity of (R)(—)-4 and the extent of inversion for the substitution
reaction can be calculated as 899%,. Spectral (IR) and chromatographic (TLC) properties of (R)(—)-4 so
obtained were superimposable on those of (S)(+)-4.

Further elution of the chromatogram with the same solvent system afforded d-6 as one of the side reac-
tion products (266 mg, 43%). This oily sample showed a reddish violet color in contact with aqueous ferric
chloride solution and no optical activity, Spectral (IR, NMR, mass) properties of this oil were identical
with those of an authentic sample independently prepared from ethyl acetate.

‘When the same substitution reaction was attempted in the presence of additives (1.0 equivalent tolithium
dimethylcuprate) such as DABCO, DBU, TMEDA, Proton Sponge, and HMPA, the following yields of
(R)(—)-4 were obtained by GLC analysis: 3.5% (DABCO); 12% (DBU); 14% (TMEDA); 17%, (Proton
Sponge); 3.5% (HMPA). -

(S)-t-Butyl 3-Phenyl-2-tosyloxypropionate ((S})-10) a) (S)-2-Acetoxy-3-phenylpropionic Acid: A
mixture of (S)(—)-2 (0.70 g, 4.2 mmol) and acetic anhydride (2.5 ml) was stirred at 100° (bath temperature)
for 2 hr. After addition of H,O (5 ml) to the reaction mixture, the whole was further stirred at room tem-
perature for 3 hr, and extracted with ether. After being washed with H,O, the combined ethereal layers
were extracted with satd. NaHCO;. The aqueous bicarbonate extracts were combined, acidified (pH<(2)
with conc. HCI, then extracted with ether. The combined ethereal layers were washed with H,O and dried
over anhyd. MgSO,. Filtration and evaporation in vacuo gave (S)-2-acetoxy-3-phenylpropionic acid2®
as a pale yellow oil (625 mg, 71%), bp 150° (3 mmHg). IR »qiz cm~1: 1750 (ester and acid). NMR (in
CDCly): 2.00 (3H, s, COCH,), 2.70—3.50 (2H, m, C;H,CH,CH), 5.24 (1H, doubled d, /=5 and 7 Hz, CH,-

CH,CH), 7.20 (5H, s, C¢H;), 10.75 (1H, s, COOH). This sample was immediately used for the next esterifi-
cation.

b) (S)-#-Butyl 2-Acetoxy-3-phenylpropionate: A methylene chloride solution (75 ml) of (S)-2-acetoxy-
3-phenylpropionic acid (25.0 g, 0.12 mol), isobutene (13.5 g, 0.24 mol), and conc. H,SO, (2.5 ml) was kept
at —5—4° overnight, then was added to satd. NaHCO; (75 ml) cooled in an ice bath. The organic layer
separated was successively washed with satd. NaCl, satd. NaHCO;, and satd. NaCl after diluted with ether.
The ethereal solution so obtained was dried over anhyd. MgSO,. Filtration and evaporation in vacuo gave
a dark oil, which on purification by column chromatography (silica gel, solvent, hexane: ether 2: 1), yielded
the crude ester®® as a yellow oil (20.5 g, 65%). IR vz cm=2: 1750 (ester). NMR (in CDCly): 1.40 (9H, s,
C(CH,)s), 2.01 (3H, s, COCH,), 2.90—3.30 (2H, m, C;H;CH,CH), 5.06 (1H, doubled d, /=7 and 8 Hz, CH,-
CH,CH), 7.19 (5H, s, C;H;). This sample was directly submitted to the next hydrolysis.

c) (S)-#-Butyl 2-Hydroxy-3-phenylpropionate: The acetate (480 mg, 1.8 mmol) obtained in b) was
added to 70% aqueous methanol (10 ml) containing NaOH (87 mg, 2.2 mmol), and the whole was stirred at
—10—0° for 1 hr. After the reaction mixture was poured onto a mixture of ether (40 ml) and H,O (10 ml),
the upper ethereal layer was separated. The ethereal solution was successively washed with satd. NaCl,
an aqueous solution of citric acid, satd. NaCl, satd. NaHCOj3, and satd. NaCl, then dried over anhyd. MgSO,.
Filtration and evaporation in vacuo gave the crude product as a colorless oil (363 mg, 909%,),22 which was
directly used for the next tosylation. IR »3i% cm=1: 3450 (OH), 1740 (ester). NMR (in CDCl,): 1.32 (9H,
s, C(CHs)s), 2.65—3.22 (8H, m, C¢H;CH,CH), 3.00 (1H, br s, OH), 4.17 (1H, br m, CHOH), 7.11 (5H, s, C¢H;).
On treatment with D, O, the signal at 3.00 ppm disappeared and that at 4.17 ppm changed to triplet (J =6 Hz).

d) (S)-+-Butyl 8-Phenyl-2-tosyloxypropionate ((S)-10): Tosylation of (S)-t-butyl 2-hydroxy-3-
phenylpropionate (1.6 g, 7.2 mmol) in a similar manner to that for the preparation of (S)(—)-3 gave crude
(5)-10 after evaporation of the combined ethereal extracts. Purification of crude (S)-10 by column chromato-
graphy (silica gel, solvent, petr. ether: hexane: ether 1: 1: 1) afforded pure (S)-10 as a colorless oil (1.50 g,
54%).2» IR vmy cm~*: 1760 (ester), 1370, 1190, 1180, 1160 (SO,). - NMR (in CDCly): 1.32 (9H, s, C(CH,)s),
2.35 (3H, s, CH,C¢H,), 3.00 (2H, d, J=6 Hz, C;H,CH,CH), 4.67 (1H, t, /=6 Hz, CH,CHO), 6.95—7.25
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(7H, m, other aromaitic protons), 7.51 (2H, d, J=8 Hz, aromatic protons ortho to SO,). MS: mfe: 376 [M+],
320, 302, 274, 203, 154, 147, 90, 56.

Reaction of (S)-t-Butyl 3-Phenyl-2-tosyloxypropionate ((S)-10) with Lithium Dimethylcuprate!® Toa
stirred mixture of cuprous iodide (762 mg, 4.0 mmol) and dibenzyl (110 mg, 0.61 mmol, internal standard
for GLC analysis) in ether (10 ml) was added an ethereal solution of methyllithium (1.36 M solution, 5.9 ml,
8.0 mmol) at —40——30°, to give an ethereal solution of lithium dimethylcuprate.

A solution of (5)-10 (753 mg, 2.0 mmol) in ether (2 ml) was gradually added to the ethereal solution of
lithium dimethylcuprate prepared above, and the whole mixture was stirred at —10—0° for 3 hr. The
reaction mixture was poured onto satd. NH,Cl (80 ml), and the aqueous mixture was extracted with ether.
The combined ethereal extracts were successively washed with satd. NH,Cl and satd. NaCl, then dried over
anhyd. MgSO,. Filtration and evaporation in vacuo gave a brown oil (448 mg). GLC analysis (30% SE-30
on Diasolid L, 1 m, 110° 1 kg/cm?; (R)(—)-11, retention time 16.5 min; dibenzyl, retention time 25 min)
of the evaporation residue disclosed that the oily residue (448 mg) contained 138 mg (31%) of (R)(~—)-11.

The evaporation residue was purified by column chromatography (silica gel, solvent, petr. ether: hexane:
ether 10: 10: 1) to give pure (R)(—)-112%:2% as a colorless oil (87 mg, 22%).29 IR »%7 cm-1: 1735 (ester).
NMR (in CDCL): 1.10 (3H, d, J =6 Hz, CH,CH), 1.35 (9H, s, C(CHj;);), 2.42—3.00 (3H, m, C;H,CH,CHCO),

13 (5H, m, CH,). ~

(S)(~)-3-Phenyl-2-tosyloxypropionic Acid ((S)(—)-12) a) (S)-Benzyl 2-Hydroxy-3-phenylpropio-
ate: A benzene solution (70 ml) of (S)(—)-2 (10.0 g, 60.2 mmol), benzyl alcohol (7.8 g, 72.2 mmol), and
-toluenesulfonic acid monohydrate (0.95 g, 5.0 mmol) was heated at reflux for 1.5 hr using Cope’s apparatus
» remove the water produced. After being cooled, the benzene solution was successively washed with
20 and satd. NaCl, then dried over anhyd. MgSO,. Filtration and evaporation ¢ vacuo gave the crude
ter as a yellow oil (15.6 g, 100%). IR 2 cm~1: 3480 (OH), 1740 (ester). NMR (in CDCly): 2.82—3.30
'H, m,C,H;CH,CH), 3.11 (1H, s, OH), 4.40 (1H, m, CH,CHCO), 5.01 (2H, s, C;H;CH,0), 6.88—7.45 (10H,
ly, 2X CeHy). This oil was immediately submitted to the next step.

b) (S)(—)-Benzyl 3-Phenyl-2-tosyloxypropionate: A pyridine solution (40 ml) of the crude benzyl

iter (15.6 g) prepared in a), was added dropwise to a solution of tosyl chloride (17.2 g, 90.3 mmol) in pyridine
. 00 ml) cooled at —30°. After being left in a freezer (—20°) for 65 hr, the whole mixture was poured onto
ice-water (300 ml) and extracted with ethyl acetate. The combined organic extracts were successively
washed at 0° with H,O, satd. CuSO,, and H,0, then dried over anhyd. MgSO,. Filtration and evaporation
in vacuo afforded the crude product as a colorless solid (21.9 g, 899, from (S)(~)-2), mp 46—52°. Repeated
recrystallizations from a mixture of hexane and ether gave an analytical sample as colorless long needles,
mp 58—59°, [a]3® —386.1° (c=1.47, chloroform). IR »¥4" cm—1: 1750 (ester), 1380, 1360, 1180 (SO,). NMR
(in CDCly): 2.36 (3H, s, CH,C.H,), 3.00—3.18 (2H, m, C;H,CH,CH), 4.80—5.12 (1H, m, CH,CHCO), 5.04
(2H, s, C;H;CH,0), 6.84—7.38 (12H, m, other aromatic protons), 7.50 (2H, d, J=8 Hz, aromatic protons
ortho to SO,). Amnal. Caled. for C,3H,,0,S: C, 67.30; H, 5.40. Found: C, 67.01; H, 5.34.

¢) (S)(—)-3-Phenyl-2-tosyloxypropionic Acid ((S)(—)-12): Hydrogen gas was passed through a stirred
mixture of the benzyl ester (10.0 g, 24.4 mmol) and 10% Pd/C (500 mg) in tetrahydrofuran (100 ml) for 8 hr.
Filtration and evaporation of the reaction mixture gave a colorless soft solid, to which was added a small
amount of petr. ether. Trituration followed by filtration afforded crude (S)(—)-12 as a colorless solid (7.4 g,
959% and 849% from (S)(—)-2), mp 117—122°. Repeated recrystallizations from a mixture of petr. ether
and ether gave an analytical sample as colorless crystals, mp 122—124°, [«]¥ —46.9° (c=1.45, chloroform).
IR vl em—1: 1740, 1720 (COOH), 1370, 1190, 1180 (SO,). IR »$5% cm~1: 1740 (COOH), 1372, 1189, 1175
(80;). NMR (in CDCly): 2.29 (3H, s, CH;C¢H,), 3.02 (1H, doubled d, J=9 and 19 Hz, one of C;H,CH,CH),
3.16 (1H, doubled d, /=5 and 19 Hz, one of C;H,CH,CH), 4.91 (1H, doubled d, /=5 and 9 Hz, C;H;CH,CH),
6.83—7.22 (7H, m, other aromatic protons), 7.43 (2H, d, /=8 Hz, aromatic protons ortfo to SO,), 9.85
(1H, s, COOH). The signal at 9.85 ppm disappeared on treatment with D,O. Anal. Calcd. for C;¢H,;0,S:
C, 59.99; H, 5.03. Found: C, 59.84; H, 5.02.

Reaction of (S)(—)-3-Phenyl-2-tosyloxypropionic Acid ((S)(—)-12) with Lithium Dimethylcuprate!®)——
To a stirred mixture of cuprous iodide (1.52 g, 8.0 mmol) and dibenzyl (128 mg, 0.703 mmol, an internal
standard for GLC analysis) in ether (20 ml) was added an ethereal solution of methyllithium (1.95 m solution,
8.2 ml, 16 mmol) at —10°, to give a solution of lithium dimethylcuprate in ether.

A solution of (S)(—)-12 (641 mg, 2.0 mmol) in ether (2 ml) was gradually added to the ethereal solution
of lithium dimethylcuprate prepared above, at —10—0°, and the reaction mixture was stirred at ca. 0° for
3 hr. The reaction was quenched by adding the reaction mixture to a mixture of 10%, HCl (7 ml) and satd.
NH,CI (26 ml), and the aqueous solution was extracted with ether. The ethereal extracts were washed with
H,0, then dried over anhyd. MgSO,. Filtration and evaporation in vacuo gave a pale yellow oil (441 mg),
to which was added ethanol (2 ml) and thionyl chloride (297 mg, 2.5 mmol). The ethanolic solution was
refluxed for 1 hr, then evaporated in vacuo to afford an oily residue which was dissolved in ethyl acetate.
The ethyl acetate solution was washed with H,O and satd. NaHCO,, then dried over anhyd. MgSO,. Filtra-
tion and evaporation in vacuo gave a brown oil (435 mg). The oily evaporation residue was submitted to
GLC analysis in a manner similar to that for the reaction of (S)(—)-3 with lithium dimethylcuprate. The
GLC analysis clearly showed that the oily residue (435 mg) contained 213 mg (55%) of (R)(—)-4.
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In order to determine the optical rotation of (R) (—)-4, the evaporation residue was purified by preparative
TLC (silica gel, solvent, petr. ether: hexane: ethyl acetate 1:1: 1), giving pure (R)(—)-4 as a pale yellow
oil (157 mg, 41%), [«]§ —382.1° (¢=1.90, chloroform), Since (S)(+)-4 showing [«]% +36° (chloroform) is
assumed to be optically pure, the optical purity of (R)(—)-4 and the extent of inversion for the substitution
can be calculated as 899,. Spectral (IR) and chromatographic (TLC) behavior of this oil were completely
identical with those of authentic (S)(-)-4.

When the substitution reaction was repeated three more times under almost the same condition as that
described above, the following yields for (R)(—)-4 were recorded by GLC analysis; 58%, 59%, and 63%.

Reaction of (S)(—)-3-Phenyl-2-tosyloxypropionic Acid ((S)(—)-12) with Lithium Di-n-butylcupratels
A hexane solution of #-butyllithium (1.33 M solution, 12 ml, 16 mmol) was added to a stirred mixture of

cuprous iodide (1.52 g, 8.0 mmol) in ether (15 ml) at —40°, to give a solution of lithium di-z-butylcuprate
in a mixture of hexane and ether.

An ethereal solution (4 ml) of (S)(—)-12 (641 mg, 2.0 mmol) was added dropwise to the solution of lithinm
di-n-butylcuprate at —50°——35°, and the whole was stirred at the same temperature for 4 hr. The reaction
was quenched by adding the reaction mixture to a mixture of 10% HCI (6 ml) and satd. NH,CI (20 ml), and
the aqueous mixture was extracted with ether. The lower aqueous phase was further extracted with benzene
after addition of 109, HCI (0.5 ml). The combined organic extracts were washed with H,O, then dried over
anhyd. MgSO,. Filtration and evaporation ¢ vacuo gave crude (R)(+)-13 as a yellow solid (308 mg, 75%).
IR spectrum of this solid (in nujol) was almost the same as that of pure (R)(+4)-13. A part of the solid (134
mg) was purified by column chromatography (silica gel, solvent, hexane: ether 1: 1) to give pure (R)(+)-13
as a colorless solid (114 mg, 649%,), [«]5° +25.0° (c=1.04, chloroform). An analytical sample was obtained
as long needles by recrystallization from hexane, mp 107.5—108.5°, [«]3 +25.8° (¢=0.546, chloroform).
IR vl em~*: 3320 (OH). NMR (in CDCly): 0.94 (6H, m, 2 x CH,CH,CH,CH,), 1.10—1.74 (12H, m, 2X

- CH,CH,CH,CH,), 1.81 (1H, br s, OH), 2.00 (1H, br s, OH), 2.60 (1H, doubled d, /=10 and 14 Hz, one of
CeH;CH,CH), 2.86 (1H, doubled d, /=3 and 14 Hz, one of CgH,CH,CH), 3.70 (1H, br d, /=10 Hz, CH;-
CH,CH),7.24 (5H,s, C4H;). Ontreatment with D,O, the two broad singlets at 1.81 and 2.00 ppm disappeared
and the broad doublet at 3.70 ppm changed to a clean doubled doublet (J=3 and 10 Hz). Anal. Calcd.
for C;;H,40,: C, 77.26 H, 10.85. Found: C, 77.22; H, 10.67.

(S)(—)-2-Tosyloxypropionic Acid ((S) (—)-15) a) (S)(—)-Acetoxypropionic Acid: This was prepared
from commercially available L-alanine according to the reported procedure.?®) bp 114—116° (8 mmHg)
and [«]f —47.2° (¢=8.73, chloroform) (lit.,*® bp 101—104° (3 mmHg) and [«]% —47.3° (¢=6.8, chloroform)).

b) (S)-Benzyl 2-Hydroxypropionate: Reflux of a benzene solution (70 ml) of (S)(—)-2-acetoxypro-
pionic acid (20.0 g, 0.15 mol), benzyl alcohol (35.7 g, 0.33 mol) and p-toluenesulfonic acid monohydrate
(3.6 g, 18 mmol) for 3.5 hr using Cope’s apparatus to remove the water produced, followed by the same workup
as that for the preparation of (S)(—)-12 gave the crude product as a yellow oil (53.0 g)*® with concomitant
transesterification. This crude sample was directly used for the next tosylation.

c) (S)(—)-Benzyl 2-Tosyloxypropionate: A part of the crude benzyl ester (40.0 g) was tosylated accord-
ing to the same procedure as that for the preparation of (S)(—)-12, to afford the crude tosylate as a pale
yellow oil (43.4 g) after evaporation of the ethyl acetate extracts. Purification of a part of this crude oil by
preparative TLC (silica gel, solvent, petr. ether: hexane: benzene: ether 2: 2: 1: 1) gave the pure sample
as a pale yellow oil, [«]7° —28.6° (c=5.05, chloroform). IR v cm—1: 1763 (ester), 1372, 1192, 1184 (SO,).
NMR (in CClL,): 1.42 (8H, d, /=7 Hz, CH,CH), 2.33 (3H, s, CH,C;H,), 4.90 (1H, q, J=7 Hz, CH;CHO),
5.00 (2H, s, C;H,CH,0), 6.98—7.38 (7H, other aromatic protons), 7.73 (2H, d, /=9 Hz, aromatic protons
ortho to SO,),

d) (S)(—)-2-Tosyloxypropionic Acid ((S)(—)-15): The same treatment of the crude tosylate (40 g)
obtained in ¢) as that for the preparation of (S)(—)-12 afforded a pale yellow oil after filtration of the catalyst
and evaporation of the tetrahydrofuran filtrate. After addition of hexane, the oily residue was triturated,
and the formed colorless solid was washed several times with hexane. Filtration and drying in vacuo gave
crude (S)(—)-15 as a colorless solid (13.9 g, 55%, from (S)(—)-2-acetoxypropionic acid). Repeated recrystal-
lizations from a mixture of hexane and ether gave an analytical sample as colorless plates, mp 110—111°
[o]3 —43.4° (¢=5.27, chloroform) (lit.,2® mp 108°, [«]} +41.3° (c=4.97, chloroform) for (R)-isomer). IR
yiuel cm~1: 1732 (COOH), 1191, 1180 (SO,). NMR (in CCl,~CDCly): 1.56 (3H, d, J=7 Hz, CH,CH), 2.45
(8H, s, CH;CgH,), 4.98 (1H, q, /=7 Hz, CH,CHO), 7.35 (2H, d, J=8 Hz, aromatic protons ortho to CH,),
7.85 (2H, d, /=28 Hz, aromatic protons ortho to SO,). Anal. Caled. for C,(H,,0,: C, 49.17; H, 4.95. Found:
C, 49.34; H, 4.99.

Reaction of (S)(—)-2-Tosyloxypropionic Acid ((S)(—)-15) with Lithium Di-n-butylcupratel® To a
stirred suspension of cuprous iodide (11.42 g, 60 mmol) in ether (30 ml) was added over 30 min an ethereal

36) Preliminary separation of this crude oil (300 mg) by preparative TLC (silica gel, solvent, hexane: ether
1: 1) uncovered that this oil contained dibenzyl ether (6 mg), benzyl acetate (the weight was not deter-
mined), benzyl alcohol (the weight was not determined), (S)-benzyl 2-acetoxypropionate (35 mg), and
(S)-benzyl 2-hydroxypropionate (86 mg) (S. Terashima, C.C. Tseng, and K. Koga, unpublished results).
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solution of n-butyllithium (2.07 M solution, 48.4 ml, 100 mmol) at —50——40°, and the mixture was stirred
at the same temperature for 50 min. :

To the solution of lithium di-n-butylcuprate so obtained was added an ethereal solution (20 ml) of
(5)(=)-15 (2.93 g, 12 mmol) at —50——40°, and the temperature of the reaction mixture was gradually raised
to —10° over 5 hr with stirring. After further stirring at —10—0° for 4 hr, the whole mixture was again
cooled to —40° and was poured onto a mixture of conc. HCI (8 ml) and satd. NH,CI (20 ml) to quench the
reaction. Extractive isolation in a similar manner to that for the reaction of (S)(—)-12 with lithium dimeth-
ylcuprate, followed by evaporation i vacuo, gave a yellow oil (1.53 g). The oily residue was twice purified
by column chromatography (silica gel, solvent, hexane: ether 1: 1) to afford pure (S)(4)-1627-29 as a pale
yellow oil (505 mg, 32%), bp 109—110° (17 mmHg), [¢]% +20.0° (¢=6.36, ether) and o -0.333° (1=0.02,
neat). The optical purity of (S)(+4)-16 and the extent of inversion for the substitution can be calculated
as 1029% or 98%.* IR vk cm=*: 1715 (COOH). NMR (in CDCly): 0.92 (3H, m, CH,CH,CH,CHj,), 1.17
(3H, d, J=7 Hz, CH,CHO), 1.07—2.00 (6H, m, CH,CH,CH,CH,), 2.37 (1H, m, CH,CHO), 11.64 (1H, s,
COOH). MS: m/e: 130 [M+], 112, 100, 86, 73.

Reaction of (S)(~—)-2-Tosyloxypropionic Acid ((S)(—)-15) with Lithium Diphenylcuprates To a
stirred suspension of cuprous iodide (3.43 g, 18 mmol) in ether (10 ml) was added over 30 min a solution of
phenyllithium?®) in a mixture of ether and benzene (3: 7) (1.44 u solution, 25 ml, 36 mmol) at —20——10°,
to give a solution of lithium diphenylcuprate.

A solution of (S)(—)-15 (733 mg, 3.0 mmol) in ether (5 ml) was added over 30 min to the ethereal solution
of lithium diphenylcuprate cooled at —40°, and the whole was stirred at —60——50° for 2 hr, at —20——10°
for 2.5 hr, and finally at —10—0° for 3 hr. The reaction was quenched by adding the reaction mixture to
a mixture of conc. HCI (6 ml) and satd. NH,CI (25 ml), and the upper organic layer was separated. The
lower aqueous phase was further extracted with ethyl acetate, and the combined organic extracts were
successively washed with H,0, dil. Na,S,0;, and H,O, then dried over anhyd. MgSO,. Filtration and
evaporation iz vacuo gave ahn oily residue which was contaminated with bromobenzene.?) Therefore, the
oily residue was dissolved in ether (20 ml), and the ethereal solution was extracted with satd. NaHCO,.
The combined bicarbonate extracts were washed with ether, and acidified with conc. HCl. The acidic
aqueous solution was extracted with ether, and the combined ethereal layers were dried over anhyd. MgSO,.
Filtration and evaporation i vacuo gave an oily residue (124 mg), which was purified by column chromato-
graphy (silica gel, solvent, hexane: ether 2: 1) to afford pure (S)(4)-1728:39 as a colorless oil (54.6 mg, 129%),
[4]3° 4+76.9° (c=1.09, ethanol). The optical purity of (S)(+)-17 and the extent of inversion for the substitu-
tion reaction can be calculated as 95%.%0. IR »m3 cm—1: 1700 (COOH). NMR (in CCl,): 1.47 (3H, d,
J=7Hz, CH,CH), 3.66 (1H, q, J=7 Hz, CH,CHCO), 7.24 (5H, s, C¢H,), 11.96 (1H, s, COOH).

(S)(—)-4-Methyl-2-tosyloxypentanoic Acid ((S)(~)-18) a) (S)(—)-2-Hydroxy-4-methylpentanoic
Acid: This was prepared by deaminating commercially available L-leucine with sodium nitrite in 5%
sulfuric acid. Recrystallization of the crude deamination product from a mixture of hexane and ether
gave the optically pure acid as colorless needles, mp 78—81°, [¢]5 —11.3° (¢=5.72, H,0) (lit.,?® mp 8§0—81°,
[e]p —12.3° (c=1, H,0)). '

b) (S)(—)-Benzyl 2-Hydroxy-4-methylpentanoate: Esterification of (S)(—)-2-hydroxy-4-methyl-
pentanoic acid (13.1 g, 0.10 mol) with benzyl alcoholin a similar manner to that for the preparation of (S)(—)-
12 gave the (S)(—)-benzyl ester as a pale yellow oil (21.9 g, 98%), bp 126° (5 mmHg), [«]% —15.8° (¢=3.09,
chloroform). IR #3% cm~1: 3470 (OH), 1735 (ester). ' : '

¢) (S)(—)-Benzyl 4-Methyl-2-tosyloxypentanoate: Treatment of the (S)(—)-benzyl ester (10.0 g,
45 mmol) with tosyl chloride and pyridine in the same manner as that for the preparation of (S)(—)-12 gave
the crude product as a yellow oil (14.5 g, 86% and 849% from (S)(—)-2-hydroxy-4-methylpentanoic acid)
after evaporation of the ethyl acetate extract. A part of the crude product was purified by preparative
TLC (silica gel, solvent, petr. ether: hexane: benzene: ether 2: 2: 1: 1) to give the pure product as a pale
yellow oil, [«]5 —35.5° (¢=3.89, chloroform). IR »f2 cm=1: 1760 (ester), 1375, 1195, 1180 (SO,). NMR
{(in CDCl,): 0.82, 0.86 (6H, two d, J=each 6 Hz, CH(CHj),), 1.15—2.02 (3H, m, CH,CH(CH,)3), 2.37 (3H,
s, CH3C¢H,), 4.95 (1H, m, CH,CHO), 4.99 (2H, s, C;H,CH,0), 7.20 (2H, d, J=_8 Hz, aromatic protons ortho
to CHy), 7.71 (2H, d, /=8 Hz, aromatic protons ortho to SO,). - '

d) (S)(—)-4-Methyl-2-tosyloxypentanoic Acid ((S)(—)-18): Similar treatment of (S)(—)-benzyl 4-
methyl-2-tosyloxypentanoate (13.0 g, 34.5 mmol) to that for the preparation of (S)(—)-12 gave optically pure
(S)(—)-18 as a colorless oil (9.9 g, 100%), []® —47.6° (¢=3.51, chloroform), after filtration of the catalyst
and evaporation of the tetrahydrofuran filtrate. IR vy cm~': 1740 (COOH), 1372, 1190, 1180 (SO,).
NMR (in CCly): 0.85, 0.95 (6H, two d, J=each 6 Hz, CH(CH,),), 1.46—2.16 (3H, m, CH,CH(CH,),), 2.44
(8H, s, CH,C4H,), 4.66—5.07 (1H, m, CH,CHO), 7.33 (2H, d, /=8 Hz, aromatic protons ortho to CH,), 7.82

37) A solution of phenyllithium purchased from Ventron Corporation, Alfa Products, U.S.A., was directly
used for the reaction. : : :

38) The phenyllithium solution contained bromobenzene as an impurity.

39) E. Bishop and D.W. Russell, J. Chem. Soc. C., 1967, 634.
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(2H, d, J=8 Hz, aromatic protons ortho to SO,), 9.89 (1H, s, COOH)., MS: m/e: 285 [M+—1), 240, 156, 155,
154, 113, 91, 90. This sample was directly used for the reaction with lithium dimethylcuprate.

Reaction of (S)(—)-4-Methyl-2-tosyloxypentanoic Acid ((S)(—)-18) with Lithium Dimethylcuprate!®)
To a stirred suspension of cuprous iodide (11.4 g, 60 mmol) in ether (10 ml) was added an ethereal solution
of methyllithium (1.60 M solution, 75 ml, 120 mmol) at —20°, to give a solution of lithium dimethylcuprate.

An ethereal solution (20 ml) of (S)(—)-18 (8.44 g, 12 mmol) was gradually added over 40 min to the
solution of lithium dimethylcuprate prepared above, and the reaction mixture was stirred at —20—-—10°
for 1 br, then at —10—0° for 4 hr. The reaction was quenched by adding the reaction mixture to a mixture
of conc. HCI (12 ml) and satd. NH,Cl1 (25 ml).. Similar extractive isolation with ethyl acetate to the reaction
of (S)(—)-12 with lithium dimethylcuprate, followed by filtration and evaporation i vacuo, gave a yellow
oil. The oily evaporation residue was twice purified by column chromatography (silica gel, solvent, hexane:
ether 1: 1) to afford pure (R)(—)-1928:32 as a pale yellow oil (415 mg, 27%). Fractional distillation of this
sample gave a colorless oil, bp 93—94° (11 mHg), [«]F —21.1° (¢=5.79, ether) (lit.,3® bp 117° (17 mmHg),
[ +19.4° (¢=5.23, ether) for (S)(+)-19). The optical purity of (R)(—)-19 and the extent of inversion
for the substitution reaction can be calculated as 109%.% IR »3i» cm~1: 1715 (COOH). NMR (in CCl,):
0.91 (6H, two d, J=each 6 Hz, CH(CH,),), 1.18 (3H, d, J=7 Hz, CH;CHCO), 1.00—2.00 (3H, m, (CH,),-
CHCH,), 2.44 (1H, m, CHCO), 12.06 (1H, s, COOH). MS m/e: 130 [M*], 122, 86, 73, 72.

Acknowledgement The authors are grateful to the Central Analysis Room of this faculty for spectra
measurements and elemental analyses. ' '

NII-Electronic Library Service





