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Asymmetrie Syntheses via Heterocyclic Intermediates;
XIX I • On the Enantioselective Synthesis of pFluorovaline Methyl Ester and Related a-Amino-pfJuorocarboxyJic Esters
lJlrich GROTH, Ulrich SCHÖLLKOPF*
Institut für Organische Chemie der Universität Göttingen, Tammannstrasse 2, 0-3400 Göttingen, Federal Republic of Germany

OpticaJly active lJOn-proteinogenic amino acids deserve attention beeause 01' their biologieal aetivity. ß-Fluoro-substituted
amino acids are generally regarded as potential inhibitors 01'
pyridoxaJ phosphate-depending enzymes 2, The F-atom is
rather smalI; it is eomparable to hydrogen on the size seale 01'
enzymes. Thus, the enzyme aeeepts the fluorinated amino acid
as a substrate but is unable to metabolize it properJy2-s.
This eommunication deseribes primarily the asymmetrie synthesis 01' optieally (practieally) pure methyl (R)-ß-fluorovali-
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SYNTHESIS

Compound 1 is prepared according to Ref. 11, diethylaminosulfur trilluoride (DAST) according to Ref,8, aud compollnds
3a, b, e are prepared according to Ref. 7 • 1•
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nale (7a)6 and methyl (2R)-ß-l1uorophenylalaninate (7b;
- 6: 1 diastereomer mixture, one diastereomer optically
nearly pure). The synthesis is based on the observation 7, 1 that
acetone reacts with the lithiated bislactim ether 2 of cyclo(LVal-Gly) (1) with essentially complete asymmetrie induction 7
and with benzaldehyde with - 85% induction I at C-3 to give
the products 3a and 3b with (3R)-configuration. These aldoltype products on treatment with diethylaminosulfur tritluoride [DAST, (C 2 H shN-SF3 ]8 yield the tluoro compounds 4.
Side products are the 3-isopropylidenedihydropyrazine 5a 01'
the pyrazine derivative 6b, respectively.
Acid hydrolysis of 4a/5a (81 : 19) affords methyl (R)-ß-tluorovalinate (7a), methyl L-valinate (8), and (from 5a) methyl 3methyl-2-oxobutanoate (9a). Product 9a can be extracted
from the acid aqueous solution; products 7a and 8 are separable by chromatography, 7a being optically pure by N.M.R.standard [IH-N.M.R. in CDCI.h Eu(hfch as chiral shift reagent].
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(3R,6S)-2,5-Dimethoxy-3-(2-f1uoropropyl)-6-isopropyl3,6-dihydropyrazine (4a):
A solution of compound 3a (1.09 g, 4.5 mmol) in dichloromethane (10
ml) is added dropwise to a stirred solution of DAST (0.81 g,5 mmol)
in diehloromethane (10 ml) at - 70 oe. The mixture is then allowed to
warm to room temperature and stirring is continued for I h. Coneentrated aqueous sodium hydrogen carbonate is cautiously added with
stirring until pH 7-9 is reaehed. The layers are separated and th,:
aqueous layer is extraeted with diehloromethane ( - 5 ml). The organk
layers are eombined, dried with magnesium sulfate, and evaporated in
vaeuo. The erude produet 4a (eontaining 5a) thus obtained is submitted to hydrolysis.
Methyl (R)-P-Fluorovalinate (7a):
The erude mixture of 4a and 5a (see above) is sllspended in 0.25 normal hydroehloric acid (36 ml, 9 mmol) and the suspension stirred for
- 8 h at room temperatul'e. The mixture is then extraeted with ether
l5·lO ml), the ethereal layer discharged, and the aqueous phase eoncentrated in vaeuo to a volume of 2·3 ml. 1'0 the residue, ether ( - 20
ml) is added followed, under vigorous shaking, by eoneentrated aqueous ammonia till pH 8.. 10. The layers are separated and the aqueous
layer is extracted with ether (3 x 10 ml). The eombined ether layers are
dried with magnesium sulfate and evaporated in vacuo. The residue
eonsists of a - 1.2/1 mixture of 8 and 7a. This mixture is low-pressure
ehromatographed (-I atm; eolumn 60 x 1.5 em) using ethyl acetate/
methanol (19/1) as eluent (7a: R,=O.4I; 8: R,=0.29). The eluted
produet 7a is bulb-to-bulb distilled; yield: 0.31 g (46%, based on 3a);
b.p. 80·90°C/8~10 torr; [am': -36.6° (c 1.4, ethanol); e.e.: >95%
[only one OCH 3 signal in the 'H-N.M.R. spectrum with Eu(hfeh].
C"H I2 FN0 2
eale.
C 48.31
H 8.11
(149.2)
found
48.42
8.21
I.R. (film): V'= 3500·3200 (NH 2 ); 1735 (C=O); 1600 cm I (br.,
NH 2 ).
IH-N.M.R. (CDCI 3 /TMS'n'): <5= 1.43, 1.47 [2d, '1111 ,=22 Hz,
(CH,hCFj; 1.86 (s, NH 2): 3.61 (d, '1 H1 = I1 Hz, a-H); 3.78 ppm (s,

ocn,).

8

"'F-N.M.R. (CDCIJ/C"F,.'n'): 8= + 16.75 ppm (dsp, J 11F = 11.6 Hz,
21.9 Hz).

9a

On hydrolysis of product 4b + side product 6b (ratio: 51/49),
a ]5.8 :2.8: I mixture of (2R.3S) :(2R,3R) : (2S.3S)·[3-tluorophenylalanine methyl ester (7b) is formed together with 8.
After extraction of 6b, the mixture of the amino acid esters 7b
und 8 are separable by bulb-to-bulb distillation.

(3R,6S,3'S,R)-2,5-Dimethoxy-3-(a-f1uorobenzyl)-6-isopropyl-3,6-dihydropyrazine (4b):
Prepared in the same manner as 4a from compüund 3b I (0.96 g, 3.3
mmol) and DAST (0.58 g, 3.6 mmol). A 45/55 mixture of 4b and 6b
(0.89 g) is obtai ned and sllbmitted to hydrolysis.
'H-N.M.R. (CDCldTMS",,) of 4b: 8=5.89 ppm (dd, 1=3 Hz, 46 Hz,
CHF).
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Compound 3e (d.e. at C-3: > 95%S; obtained from 2 and acetophenone) reacts with diethylaminosulfur tritluoride to give
lluoro derivative 4c as a -12: 1 mixture of (3R.6S.3'S)·4e
and (3R,6S.3'R)-4e 9 (d.e. at C-3: >950/(,), essentially without
lO
side products. Compollnd 3d (from 2 and formaldehyde )
cannot be converted into 4d using diethylaminosulfur trit1uoride. Product 4d can be obtained in - 80% yield, however,
from 2 and t1uoroiodomethane, though with only - 45%
asymmetric indllction at C-3.

Methyl (2R)-P-Fluorophenylalaninate (7b):
The erude mixture 4h + (jb (see above) is suspended in 0.25 normal
hydroehloric acid (26.4 ml, 6.6 mmol) and the suspension stirred for :'
h at room temperature. Work-up is as described for 7a. The erude
produet is blllb·to-bulb distilled and methyl L-valinate (8) removed a,
forerun; yield of 7b: 0.24 g (40''11, based on ]b); b.p. 130-140 'T
(bath)/0.2 torr. The produet has the following composition [deter·
mined 'H-N.M.R.-spcctrometrieally using Eu(hfehj: (2R,3S)·
7b/(2R.3R)· 7b/(2S,3S)-7b = 15.8/2.8/ I; the isomer (2S.3R)-7b was
not detectable, i.e., the main diastereoisomer 1,2R,3Sl-7b (fhreo) i.s
:> 95(~'() optic:ally pure.
CII1H'2FNO"
eale.
C 60.91
H 6.13
(179.2)
fOllnd
60.96
6.09
I.R. (film): v=3450~3200 (NH 2); 1740 cm' I (Co=O).
'H-N.M.R. (CDCh/TMS'n,): 8=3.79 (s, OCH,) 3.83 ldd, 1=3.5 Hz,
26 Hz, a-H); 5.85 ppm ldd, )·=3.5 Hz, 46 Hz, CHF).
'9F-N.M.R. (CDCI 3 /C"F" ,,,,): 8=-20.19 [dd, 1=4.5 Hz, 11.4 Hz,
C"H,-CHF, (2R.3RI2S.3S)]; 33.48 ppm [dd, J=46.2 Hz, 26.2 Hz,
CHF, (2R.3S)]; intensity ratio -I :4.
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(3R,6S, 3 'SR)- 2,5-Dimethoxy-3-(I-fIuoro-l-phenylethyl)-6-isopropyl-3,6-

dihydropyrazine (4e):

Prepared in the same manner as 4a from eompound 3e I (0.55 g, 1.8
mmol; d.e. at C-3: >95%) and DAST (0.32 g, 2 mmol); yield of 4e:
0.53 g (96%); b.p. 120-130°C (bath)/0.5 torr; (3R.6S.3'S)4e/(3R.6S,3'R)-4e"" 1211; the (3S)-diastereoisomer is not deteetable
eH- and 13C-N.M.R.).
CJ7H 23 FN1 0 2
eale.
C 66.65 H 7.57
(306.4)
found
67.14
7.67
'H-N.M.R. (CDCl 3 /TMS in ,): 0=0.66, 1.06 [2d, CH(CIJ3h]; 1.27 [d,
J=1.5 Hz, 3'-CH 3, (3R,6S.3'S)]; 1.64 [d, J= 1.5 Hz, 3-CH"
(3R,6S.3'R)]; 3.68,3.75 [2s, aCH 3 , (3R.6S,3'S)]; 3.71,3.79 [2s, OCH"
(3R.6S,3'R)]; 5.54 [d, J =45 Hz, CHF, (3R,6S,3'S)]; 5.63 ppm [d, J =45
Hz, CHF, (3R,6S,3'R)].
13C-N.M.R. (CDCh/TMS in,) [of (3R.6S.3'S)-4e]: 8= 16.68, 19.38
[CH(<:;H 3)2]; 24.34 (d, 3'-CH3); 60.71 (6-CH); 61.24 (d, C-3); 96.98
ppm (d, CHF); [of (3R,6S.3'R)-4e]: 8 =24.72 (d, 3'-CH 3); 60.66 (6-C);
96.16 ppm (d, CHF).
'''F-N.M.R. (CDCI3/C6F6int): 0= -18.12 ppm [dq, J=44.9 Hz, 1.5 Hz,
CHF, (3R.6S,3'S)-4e].
(3RS,6S)-2,5-Dimethoxy-3-f1uoromethyl-6-isopropyl-3,6-dihydropyrazine (4d):

A solution of eompound 2 in tetrahydrofuran (4 ml) is prepared from
dihydropyrazine 1 (0.22 g, 1.2 mmol) and 1.8 normal butyllithium in
hexane (0.8 ml) as deseribed in Ref. ". To this, a solution of tluoroiodomethane (0.19 g, 1.2 mmol) in tetrahydrofuran (2 ml) is added by syringe and the mixture is stirred for 8 h at - 70
The solvent is then
evaporated in vaeuo and the residue shaken with ether (10 ml) + water (10 ml). The layers are separated and the aqueous layer is extraeted
with ether (2 x lOmI). The eombined organie layers are dried with
magnesium sulfate, the solvent is evaporated, and the residual produet
is submitted to bulb-to-bulb distillation; yield: 0.21 g (80%); b.p. 80··
90 "C (bath)/0.2 torr. The produet 4d thus obtained is not analytieally
pure (it was c1early identified by mass-, 'H-N.M.R., and LJC·N.M.R.
spectrometry, however).

oe.

C IO HJ7FN zOz (216.3)
M.S. (70 eV): rn/e=216 (ME').
I.R. (film): V= 1685 em'! (C=N).
IH-N.M.R. (CDCVTMS in ,): 8=0.74,1.01 [2d, CH(CIJ3h]; 4.59, 4.77
(AB of ABXY, CH 2 F); 3.70,3.7 ppm (2s, aCH 3).
13C-N.M.R. (CDCI 3 /TMS int ): 8 = 16.96, 19.07; 16.58, 19.01 [CH(CIJ3h
of (3R) and (3S)], 56.63, 56.87 [2d, J=20 Hz, 3-<:;, (3R), OS)]; 83.75,
84.18 ppm [2d, J= 174 Hz, CHF, (3S), (3R)].
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