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NOTE

SYNTHESIS OF (25,45)-[5-'3C1 LEUCINE, (2R,4S)-[5-'3¢] LEUCINE, AND
(2RS)-[1,2-"%,] LEUCINE

0. John Aberhart* and Bruce H. Weiller
The Worcester Foundation for Experimental Biology
Shrewsbury, Massachusetts 01545

SUMMARY

(2RS,3S)- [4 C]Va11ne was diazotized and converted to (2RS, 3§§ [4- ]3C] 2-bromo-
isovaleric acid, which on reduct1on w1§h In/HC1 gave 3S) [4 C] isovaleric
acid. This was converted to ( jsovaleraldehyde, which was converted
by a Strecker synthesis to (2RS 4S) [5 ? leucine. Resolu%gon via the N-
acetate then gave (25,4S) and { R,45)-[5-'°C] Teucines. ClIsovaleric acid
was similarly ?gnverted to [1- C] 1fgva1era1dehyde, wh1ch, in a Strecker syn-
thesis using K'2CN, gave (2RS)-[1,2-'°C ] leucine.
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INTRODUCTION

For the continuation of our studies on the stereochemistry of branched-

13

chain amino acid metabolism (1-3), we required the '“C-labeled leucines named in

the title. Since the syntheses of these compounds were carried out by routes
having a number of steps in common, we describe them together in this paper.
SYNTHESES OF (2R,4S) AND (2S,45)-[5-13C] LEUCINES

These compounds, required for studies on the stereochemistry of metabolic
reactions involving the prochiral isopropyl group of leucine, were synthesized

13

by the route outlined in Scheme 1. Since only low ~C enrichment was required

in the products, the starting material, (2RS,3S)-[4-13C] valine la, 90 atom %

13C, (4,5) was diluted with unlabeled DL-valine to give an enrichment at the

*Address inquiries to this author.

0362-4803/83/050663-06$01 .00 Received September 15, 1982
© 1983 by John Wiley & Sons, Ltd. Revised December 22, 1982



664 D. J. Aberhart and B. H. Weiller

CH; R CH;1

H» —> <
" ~CO.H H:T—CHZR
CH, CH,

1 a R= NH, 2a R=CH,OH
b R = Br b R=CHO
¢c R-H l

CHs, NHAc CHs, NH,

H Z CH, 4w % CH Q
FrCHArH € HF-CH Y
CH3 co2H CH3 X

4 3a X=H, Y=CO,H
b X=CO,H Y= H
SCHEME 1

labeled position of ca 2 atom % 13¢.  This material was then diazotized in the
presence of KBr (6) to give the a-bromo acid 1lb, which was reduced in good yield
by zinc in aqueous HpSO4 to (35)-[4-13c] isovaleric acid, lg*. The product was
methylated (CHpN,) and reduced (LiAlHp) to (35)-[4-13c] isoamyl alcohol, 2a.
Oxidation of this using pyridinium dichromate in CHyClp (9) afforded (35)-[4-13¢]
isovaleraldehyde, 2b, which was converted by the Strecker method (4) to (2RS,4S)-
[5-13c] leucine, 3a + 3b. After acetylation and resolution of the acetate with
hog kidney acylase I in the usual way (10), (25,45)-[5-13C] leucine, 3a, and
(2R,45)-[5-13C] Teucine N-acetate, 4, were obtained. The latter was hydrolyzed
(3N HC1, refiux 2h) to (2R,4S)-[5—‘3C] leucine, 3b. The 13¢ WR spectrum of 3a
in Do0 + DpS0q (trace) showed enhanced intensity in the upfield methyl signal
(5421.70), whereas the 13¢ MR spectrum of 3b showed enhanced intensity in the
downfield methyl signal ( 622.82). The spectra were otherwise identical with

the spectrum of unlabeled leucine. The signal assignments thus derived for the

diastereotopic methyls of leucine are in agreement with those reported earliier

The (3R) isomer of 1lc has been previously synthesized in a twelve-step proce-
dure from 2-phenylcyclopropyl bromide (7)., Also the (3S) isomer, lc, has been ob-
tained by Ag(II) oxidation of (25,45)-[5-13C] leucine derived biosynthetically
in very low yield from (25, 35)-[4-13C] valine (8). The present method is a far
simpler, high yield method of obtaining chirally labeled isovaleric acid from
"chiral valine",
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by Fuganti et al. (11), who synthesized chirally labeled leucines in an alterna-

tive manner,
SYNTHESIS OF (2RS)-[1,2-13C2]LEUCINE

This compound, 6, required for studies on biochemical reactions involving
the possible cleavage of the C-1,C-2 bond of leucine, was synthesized by the

route outlined in Scheme 2. Carboxylation of isobutylmagnesium bromide with

]3602 gave [1-]3C]isova1er1c acid, 5a, which was methylated (Cthz) to 5b,

reduced (L1A1H4) to 5¢, and oxidized (PDC) to [1-]3C]isovalera1dehyde, 5d, 92
atom % ]3 C. The crude product was subjected to a Strecker synthesis using Na]3CN

(90 atom % ]3 C) to give (2RS)-[1,2-]3C2] leucine, 6. The product showed the

expected ]3 ]3C couplings in the ]3C nmr spectrum (see experimental).

:}-—(Zfi —R —» /)*—(3?1 —-(:Pi——(:()li

5a R="CO,H 6
b R="CO,Me
¢ R="CH,OH
d R="CHO

SCHEME 2

EXPERIMENTAL
General . ]H NMR spectra were taken on a Varian EM-390 instrument. ]30 NMR
spectra were taken on a Bruker SXP 22/100 instrument at 22.63 MHz, or on a Bruker
HX-270 instrument at 67.88 MHz. Samples were dissolved in D20 containing a few
drops of either DZSO4 or dil NaOD/DZO, plus dioxane as internal reference (¢ ]3C
= 67.398). Gas-liquid chromatography was performed using a Varian Model 920 gas
chromatograph equipped with a 6 ft x 1/4 in column of 15% SE-30 on 80-100

Ba]3CO3 and Na13CN were obtained from Merck, Sharpe, and Dohme of

Supelcoport.
Canada. Melting points were taken on a hot stage apparatus and are uncorrected.

(35)-[4-3CTisoamyl Alcohol, 2a. (2RS,35)-[4-'3CIvaline, 1a (15 mg, 90 atom %
13

C), was mixed with unlabeled valine (1.35 g), and dissolved in ice-cold HyS0,

{30 m1). KBr (5 g) was added, followed by NaNG2 (1.32 g), added in small portions
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over 45 min with stirring, Aftr 15 min additional stirring at 0°, and 1 h at
25°, the mixture was extracted with ether, and the extract was dried (Na2504)
and evaporated to yield crude (1b) as a viscous oil, 2.21 g. This was suspended
in ice-cold water {35 ml) and treated with conc H2504 {0.69 m1) and granular
zinc (30 mesh, 2.7 g) stirring vigorously at 0° for 5 min, then 25 min at 25°.
Solid NaCl was added with stirring to saturation, and the solution was extracted
with ether, the extract dried (Na2504) and evaporated under reduced pressure at
room temperature to yield Ic as an oil (1.2 g). This was treated with ethereal
CHZNZ’ and (after removal of excess CHZN2 under reduced pressure) the solution
was filtered through a short column containing silica gel (100-200 mesh),
eluting with a 1ittle additional ether. The filtrate was treated with excess
L1'A1H4 (0.25 g) at 0° for 15 min, then at reflux for 45 min. After dropwise
treatment of the solution with sat. aqueous Na2504 and filtration, the filtrate
was evaporated under reduced pressure to yield 2a, 1.04 g; glc retention and

1H NMR identical with authentic isoamyl alcohol.

(2RS,45)-[5- ' ClLeucine, 3a + 3b. (35)-[4-'SCIIsoamyl alcohol, 2a (0.60 g), in
dry CH2C12 (25 ml; distilled from P205) was treated with pyridinium dichromate
(4.0 g), stirring at room temperature for 20 h. The brown solution was de-
canted, and filtered through a column of 10 g Florisil (100-200 mesh), eluting
with 40 ml additional CH2C12. After evaporation of the filtrate at 25° under

reduced pressure, the crude product, containing ca 0.3 g (3S)-[4-]3C] isovaler-

aldehyde, 2b, plus a Tittle pyridine (as estimated by glc) was dissolved in a
mixture of HZO (5 m), NH4C1 (0.5 g), NaCN (0.5 g) and conc NH40H (1.5 m) and
stirred at 25° for 24 h. Then conc HC1 (10 ml) was added, and the mixture was
refluxed for 24 h. The resultant leucine was isolated by cation exchange in the

usual way (4) giving (2RS,4S)-[5-]3C] leucine, 3a + 3b, 213 mg.

The product was converted by published methods (10) to the N-acetate which
was resolved using hog kidney acylase I (4,10), followed by separation of the
products by cation exchange to yield (25,45)-[5—]301 leucine, 3a, 105 mg, plates

from EtOH-HZO, mp 230-250°C (subl) (Tit (12) mp 337°C), and (2R24SQ-5—]3C]
leucine N-acetate, 4, 99 mg. The latter was hydrolyzed by refluxing in 3N HCl
(10 ml, 2 h). After purification by cation exchange, (2R,4S)-[ 5-13¢] leucine,
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3b, 55 mg, was isolated as plates from EtOH-H,0, mp 230-250°C (subl).

2
(28s)-[1,2-"%,Jleucine, 6. [1-'*Clisovaleric acid, 5a (4.49 g, 92 atome % '°C)
13 13

was prepared by reaction of isobutylmagnesium bromide with CO2 (from Ba'“CO

3s
10 g, 92 atom % ]3C) in the usual way (13). The product was methylated (CHZNZ'
ether). After removing the excess CHZN2 under reduced pressure, the ether solu-
tion (ca 250 ml) was filtered through a short column of silica gel (100-200 mesh,
25 g), and washed through with 50 ml additional ether. The filtrate was treated
with LiA]H4 (1 g) at 25°, 30 min, then at reflux for 2 h, After treatment with
sat Na2504, the mixture was filtered and the ether evaporated under reduced
pressure to yield an oil, which was distilled in a short-path apparatus to yield

[1-]3C] isoamyl alcohal, 5c (2.37 g, 92 atom % ]3C), glc identical with authentic
1

isoamyl alcohol; 'H NMR (CDC]3 & 0.95 (3H,d,d = 6 Hz), 1.2-2.2 (4H, m, including

-0H), 3.60 {ca 1.8 H, d,t, J13 = 140 Hz, JHH = 6 Hz, with a small multiplet,

12 C-H
ca 0.2 H for - CH2 OH).
The product, 5c, was oxidized with PDC as described above to yield crude

[1-]3C] isovaleraldehyde, 5d (ca 1.0 g estimated by glc, containing a little

pyridine and ether). The crude product was treated with NH4C1 (1 g), conc

NH4OH (3 ml) and Na]

23 h. Then conc HC1 (20 ml1) was added, and the mixture refluxed for 24 h. After

3N (1 g, 90 atom % 13¢) in H,0 (10 ml) stirring at 25° for

isolation by cation exchange on Dowex 50W-X8, 50-100 mesh, H+ form in the usual
way (4), followed by crystaliization of the product from EtOH-HZO, gZRSQ-[1,2—]3C]

leucine, 6, 794 mg,was obtained: plates from EtOH-H,0, mp 240-250°C (subl), 1it

2
(14) mp 278-283°C. ]3C NMR (DZO + few drops dil NaOD/DZO):
Carbon 5 Rel. Intensity Jcc (Hz)
1 {uncoupied) 185.174 8.1
1 (coupled) 185.174 66.5 51.79
2 (uncoupled) 55.440 27.6
2 {coupled) 55.413 183.3 51.79
3 {coupled)? 45.142 4.8 33.29
4 25.227 5.2
5 22.320 5.2
5’ 22.230 5.1

$ Uncoupled signal invisible
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