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Abstract—The first syntheses of (25,3 R)- and (2S5,35)-3-chloroleucine (3-chloro-p-leucines 1 and 2) have been achieved from p-3-
hydroxyleucine and allo-p-3-hydroxyleucine, respectively, through the formation of the corresponding N-Cbz B-lactones, followed
by a ring opening promoted by lithium chloride and a debenzylation process.

© 2006 Elsevier Ltd. All rights reserved.

3-Chloroleucine is a novel a-amino acid, which appears
in the peptide chain of a protease inhibitor of the coag-
ulation cascade, isolated from Dysidea sp. sponges by a
group of Pharmacia scientists'> (Fig. 1). Although the
configuration of this new a-amino acid has not yet been
established, we have addressed our efforts to the synthe-
sis of the two epimers of 3-chloro-p-leucine (p-Cleu),
since the a-amino acid linked to the nitrogen atom of
the octahydroindole core amino acid is always D in the
pharmacologically and structurally related natural
products of aeruginosins® and dysinosins,* isolated from
cyanobacteria. Moreover, the synthesis of these new
o-amino acids is of interest since we suspect that the
D-Cleu residue is also present in the glycopeptides aerug-
inosins 205.° In order to test this hypothesis in our ongo-
ing studies on the total synthesis of aeruginosins,® we
would need to incorporate D-Cleu in the synthetic
sequence devoted to the coupling of the four fragments
of the aglycon part of aeruginosins 205.

In this letter, we describe the first preparation of 3-chloro-
leucine derivatives by chlorine-promoted ring opening
of enantiopure N-protected leucine B-lactones. This type
of protocol in which a-amino-B-lactones become precur-
sors of B-substituted a-amino acids by nucleophilic ring
opening (Scheme 1), is well precedented,”-® but it has not
been applied to the synthesis of B-substituted leucine
derivatives. The required attack of the nucleophile at
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Plas-Cleu-Choi-Agma; tentative structure for aeruginosins 205

Plas-Hleu-Ccoi-Agma; proposed structure (ref 5)
Aeruginosin 205-A : L-Plas, (2R,3S)-HLeu;

R= O
= Ry =SOsH,Ro =H
H (0] .
Ry Aeruginosin 205-B : D-Plas, (2S,3R)-HLeu;
OR>

Ry = H, Rp = SO3H

Figure 1.

the hindered B-position of the B-substituted B-lactones
was expected to be difficult, as observed in threonine
B-lactones,’ in contrast to the facile ring opening at
the methylene of the serine-derived B-lactones.!®!>

The required enantiopure N-protected o-amino-f-lac-
tones can be prepared from B-hydroxy-a-amino acids.'®
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Scheme 1.

Although serine B-lactones are readily obtained by cycli-
zation of N-protected serine derivatives under Mitsu-
nobu conditions,”'’such hydroxyl group activation of
the corresponding B-substituted analogues, for instance
threonine derivatives, leads to a rapid stercospecific
decarboxylative elimination.”®'® To circumvent this
problem,!” BOP reagent is used for the formation of
serine and threonine P-lactones?®2* through carboxyl
activation. Recently, HBTU has been reported as a very
efficient activating agent for this type of lactonization
process. !¢

In a first series of experiments to test the f-lactone open-
ing with the chloride anion, which is the crucial step for
the synthesis of B-chloroleucines, we evaluated the ring
opening using P-lactones derived from threonine as
model compounds (Scheme 2).2° Intramolecular coup-
ling of N-Cbz-L-Thr (3) was carried out with HBTU,
which proved to be a better activating agent than
PyBOP for this lactonization, giving B-lactone 4 in
75% vyield.?® Treatment of 4 with LiCl at THF reflux
temperature overnight gave the enantiopure chloride
5,27 which after hydrogenolytic cleavage of the carba-
mate protecting group allowed the isolation of 3-chloro-
threonine 6.%8

N-Cbz-L-allo-Threonine-B-lactone (8) was prepared
according to the protocol reported by Vederas for the
synthesis of its enantiomer ent-8, but by using PyBOP
instead of BOP for the lactonization process. Following
the same two-step sequence as above, lactone 8 was
transformed to 3-chlorothreonine 10,%° via its N-benzyl-
oxycarbonyl derivative 9.2’

The successful lactonization of the threonine derivatives
and their chloride-promoted ring opening to 3-chloro-
threonines prompted us to extend this methodology to
the synthesis of leucine compounds 1 and 2. B-Lacto-
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nization®® of (2R,3S)-hydroxyleucine (11) was carried
out with HBTU from its corresponding Cbz derivative
to afford 12 in 83% yield. As expected, the ring opening
of isopropyl substituted lactone 12 required longer reac-
tion times than those used in the methyl series to give the
chloro derivative 13, which was isolated in 46% yield.
Removing the carbamate protecting group by hydro-
genolysis afforded o-amino acid anti-(2S,3R)-(-)-1,
which constitutes its first synthesis.>!

We next decided to prepare the (25,3.5)-3-chloroleucine
by following the same protocol. The required starting
material, (2R,3R)-3-hydroxyleucine (14), was prepared
according to the Hamada procedure’? from 3-hydroxy-
leucine 11, which was transformed into the methyl ester
of the N-benzoyl derivative and then epimerized
through an oxazoline intermediate. The B-lactone clo-
sure from the Cbz derivative of 14 was casy, even when
using PyBOP, while the ring opening of 15 was as slug-
gish as in leucine derivative 12. The yield in this stereo-
controlled ring opening of B-lactone (15— 16) was
worse (20% vyield, 35% based on recovered starting
material) than in 12, as occurs in the threonine series,
in which the allo epimer also undergoes the opening in
lower yield than 4. Finally, deprotection of 16 produced
syn-(28,35)-2.33

The stereoselective B-chloro-a-amino acid formation
agrees with the stereochemical outcome observed in
the related B-lactone formation and its ring opening,
implying a stereochemical inversion in the second step.
(As indicated in Schemes 2 and 3, the configuration at
C(2) of the new amino acids is retained from the starting
threonines and leucines, but the descriptor of its nomen-
clature changes due to different prelation rules of the
substituents.) The stereochemistry of the p-lactones
and B-chloro-a-amino acids synthesized was confirmed
by 2D NMR spectra (COSY, HSQC, NOESY). Two
NMR features clearly distinguished the cis (4 and 12)
and trans (8 and 15) lactones: the chemical shift of H-
3, which is more deshielded in the cis than in the trans
isomers, and the chemical shift of C-3, which appears
upfielded in the cis isomers as compared with the trans
counterparts. The most significant differences in the 'H
NMR data of B-chloro-a-amino acids that can be used
to diagnose the stereochemistry are the chemical shifts
of H-3 in the Cbz derivatives, which appear at a higher
field (upfielded ~0.35 ppm) in anti derivatives 5 and 13
than those observed in syn compounds 9 and 16. For

NHCbz ) iii) LiCI, THF NHCbz iv) Hp, Pd-C NH»
SO HBTU Me:., _ wNHCbz rix, 16 h 3 EtOH \l/\
RY S COzH B 0 —_— RCOpH ——> R~CO,H
OH (75%) (80%) S\(‘;l/\ (88%) SC|
3 4 5 6
NH2 iii) LiCl, THF
2 ) iii) LiCl, NHCbz iv) Hp, Pd-C, NH
Y5 conn i) Cbz-Suc (92%) Ml NHCbz rfx, 16 h P Mo T
OH ii) PyBOP (60%) 0:\1\0 (62%) R;éIR 2 (98%) Ra R™CO2H
7 8 10

Scheme 2. Synthesis of 3-chloro-L-threonines 6 and 10.
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OH ii) HBTU (83%) 0 (46%) Ras 2 (96%) o)
11 12 13 1
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_—
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OH 0 Cl )
14 15 * over starting material consumed
Scheme 3. Synthesis of 3-chloro-p-leucines 1 and 2.
Table 1. 'H (400 MHz) and '*C (75 MHz) NMR data (D-0) for B-chloro a-amino acids 1, 2, 6 and 10
6 (L-Thr) 10 (L-allo-Thr) 1 (p-Cleu) 2 (p-allo-Cleu)
(Sc 5].] J (HZ) 5C (SH J (HZ) 5C 5H J (HZ) (SC 5]_[ J (HZ)
C-1 170.0 170.9 169.6 172.3
H-2 60.1 4.11 (d, 2.1) 60.0 4.13 (br s) 56.9 4.47 (d, 2.8) 58.0 4.19 (d, 3.6)
H-3 55.3 4.69 (qd) 55.8 4.79 (masked) 67.3 4.09 (dd) 68.4 4.30 (dd)
(6.9,2.1) (9.5,2.8) (9.2, 3.6)
H-4 194 1.61 (d, 6.9) 21.6 1.67 (d, 6.8) 322 2.31 (dhept) 327 2.01 (dhept)
(9.5, 6.5) (9.2, 6.3)

H-5 20.3 1.14 (d, 6.6) 20.0 1.14 (d, 6.4)
H-5 19.6 1.12 (d, 6.6) 19.8 1.07 (d, 6.4)
NMR data of B-chloro a-amino acids reported in this 5. (a) Shin, H. J.; Matsuda, H.; Murakami, M.; Yamaguchi,
work, see Table 1. K. J. Org. Chem. 1997, 62, 1810-1813; (b) Toyooka, N.;

Nakazawa, A.; Himiyama, T.; Nemoto, H. Heterocycles
In summary, we report the first synthesis of -chloroleu- 2003, 59, 75-79. L
cine** derivatives consisting of chlorine promoted ring 6. We have argued that the structures for aeruginosins 205
ning of hydroxyleucine B-lactones. These new o-ami- should bq I‘eVlSCd., since when the claimed 6-chloro-
opening Y Y . octahydroindole ring in the proposed structures was
no acids could epable? us to devqlop a synthetic approach synthesized, its NMR data did not agree with those
devoted to peptides incorporating 3-chloroleucine. reported for the azabicyclic amino acid of the aforemen-
tioned natural products. For the synthesis of the putative
core of aeruginosins 205, see: Valls, N.; Vallribera, M.;
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PCT WO 03/051831; Chem. Abstr. 2003, 139, 47155. Ramtohul, Y. K.; James, M. N.; Vederas, J. C. J. Org.
2. For other natural chloroleucines and their occurrence in Chem. 2002, 67, 1536-1547; (c) Higashibayashi, S;
Dysidea sponges, see: Arda, A.; Jiménez, C.; Rodriguez, J. Kohno, M.; Goto, T.; Suzuki, K.; Mori, T.; Hashimoto,
Tetrahedron Lett. 2004, 45, 3241-3243, and references K.; Nakata, M. Tetrahedron Lett. 2004, 45, 3707-3712.
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Hendrix, C.; Rosemeyer, H.; Busson, R.; Van Aerschot,
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2283.

Schneider, A.; Rodrigues, O. E. D.; Paixao, M. W
Appelt, H. R.; Braga, A. L.; Wessjohann, L. A. Tetra-
hedron Lett. 2006, 47, 1019-1021.

For a review on the synthesis of optically active f-
lactones, see: Yang, H. W.; Romo, D. Tetrahedron 1999,
55, 6403-6434.

(a) Pansare, S. V.; Huyer, G.; Arnold, L. D.; Vederas, J. C.
Org. Synth. 1992, 70, 1-9; (b) Pansare, S. V.; Arnold, L.
D.; Vederas, J. C. Org. Synth. 1992, 70, 10-17.

Moyano, A.; Pericas, M. A.; Valenti, E. J. Org. Chem.
1989, 54, 573-582.

For the synthesis of B-substituted N-protected a-amino-
B-lactones promoted by treatment of N-(o-nitrophenyl)-
sulfenyl derivatives of PB-hydroxy o-amino acids with
4-bromobenzenesulfonyl chloride, see: Pu, Y.; Martin,
F. M.; Vederas, J. C. J. Org. Chem. 1991, 56, 1280-
1283.

Sliedregt, K. M.; Schouten, A.; Kroon, J.; Liskamp, R. M.
J. Tetrahedron Lett. 1996, 37, 4237-4240.

Corey and co-workers®> and Danishefsky and Endo
have used this methodology (BOPCI instead of BOP) to
achieve the proteasome inhibitors salinosporamide A and
omuralide. Interestingly, in this context, Corey and co-
workers has reported a lactonization process promoted by
PH;PCl,.>*

(a) Reddy, L. R.; Saravanan, P.; Corey, E. J. J. Am. Chem.
Soc. 2004, 126, 6230-6231; (b) Reddy, L. R.; Saravanan,
P.; Fournier, J.-F.; Reddy, B. V. S.; Corey, E. J. Org. Lett.
2005, 7, 2703-2705.

Endo, A.; Danishefsky, S. J. J. Am. Chem. Soc. 2005, 127,
8298-8299.

Reddy, L. R.; Fournier, J.-F.; Reddy, B. V. S.; Corey, E. J.
Org. Lett. 2005, 7, 2699-2701; Reddy, L. R.; Fournier,
J.-F.; Reddy, B. V. S.; Corey, E. J. J. Am. Chem. Soc.
2005, 127, 8974-8976.

To our knowledge, this versatile B-lactone ring opening
has not previously been used in reactions promoted by
lithium chloride. For the synthesis of B-chlorothreonine by
ring opening of the corresponding f-lactone using
MgClyEt,0, see Ref. 9a.

Analytical and spectroscopic data for B-lactones (NMR
data are recorded in CDCl; at 300 and 75 MHz and
the assignments were aided by gCOSY, DEPT and
gHSQC experiments). Compound 4: mp 117-118 °C;
Méo +17.2 (¢ 1.03, CHClL); IR (KBr): 3286, 1827,
1694 cm™'; '"H NMR 1.42 (d, J = 6.2 Hz, Me), 4.83 (dq,
J=6.2, 6.0Hz, H-4), 5.13 (s, CH,), 5.45 (dd, J=38.5,
6 Hz, H-3), 5.78 (d, J = 8.2 Hz, NH), 7 (ArH); '*C NMR
14.9 (Me), 60.3 (C3), 67.8 (CH,), 74.8 (C4), 128.2, 128.5,
128.6, 135.5 (Ar), 155.4 (CO), 168.8 (C2). Compound 8:
mp 114-115 °C; [oc]f)o —40.3 (¢ 0.75, CHCl); IR (KBr):
3313, 1847, 1833, 1699cm™'; 'H NMR 1.60 (d,
J=16.0 Hz, Me), 4.62 (dd, J =17.5, 4.2 Hz, H-3), 4.75 (m,
H-4), 5.13 (s, CH,), 5.55 (d, J = 6.3 Hz, NH), 7.35 (ArH);
13C NMR 18.8 (Me), 64.3 (C3), 67.7 (CH,), 77.2 (C4),
128.3, 128.5, 128.6, 135.5 (Ar), 155.2 (CO), 167.7 (C2).
Compound 12: mp 79-80 °C; [oc}g) —12.8 (¢ 1.01, CHCl,);

23

27.

28.

29.

30.

31.

IR (KBr): 3326, 1830, 1701 em™: '"H NMR (400 MHz,
NOESY): 0.86 (d, J=6.4 Hz, Me), 1.05 (d, J=6.8 Hz,
Me), 1.88 (m, 1H, CH), 4.20 (dd, J=10.4, 6.0 Hz, H-4),
5.13 (s, 2H, CH,), 5.50 (dd, J =9.2, 6.0 Hz, H-3), 5.78 (d,
J=9.2Hz, NH), 7.35 (m, ArH); >*C NMR 17.2 (Me),
18.4 (Me), 28.6 (CH), 59.5 (C3), 67.8 (CH,), 82.7 (C4),
128.2, 128.4, 128.6, 135.5 (Ar), 1553 (CO), 169.3
(C2). Compound 15: mp 85-86 °C; [oc]f)o +27.2 (¢ 1.14,
CHCly); IR (KBr): 3328, 1839, 1693cm™'; 'H NMR
0.98 and 1.03 (2d, J = 6.6Hz, 2 x Me), 1.92 (m, CH), 4.29
(dd, J=8.5,4.3 Hz, H-4), 4.71 (dd, J = 8.5, 4.3 Hz, H-3),
5.09 (s, CH»), 5.99 (br s, NH), 7.32 (ArH); '*C NMR 16.9
(Me), 18.2 (Me), 31.8 (CH), 61.7 (C3), 67.9 (CH,), 84.6
(C4), 128.5, 128.7, 128.8, 135.8 (Ar), 155.6 (CO), 168.8
(C2). All new compounds were characterized by HRMS or
microanalysis.

For NMR data of N-Cbz-3-chlorothreonines, see: (2R,3S)
isomer 5, mp 116-118 °C; [1]12)0 +3.2 (¢ 1.02, CH;0H); 'H
NMR (200 MHz, CDCl3, gCOSY) 1.63 (d, J =7 Hz, H-
4),4.37 (dq, J =17, 3.1 Hz, H-3),4.59 (d, J = 3.1 Hz, H-2),
5.12 (s, CH,), 5.76 (d, J = 8.4 Hz, NH), 7.35 (ArH); *C
NMR (75 MHz, CDCl3) 21.3 (C4), 57.7 (C3), 59.3 (C2),
67.2 (CH,), 128.0, 128.2, 128.4, 136.0 (Ar), 156.0 (NCO),
170.3 (C1). (2R,3R) isomer 9, [oc]lz)o +12.0 (¢ 1.7, CHCly);
"H NMR (300 MHz, CDCl;, gCOSY) 1.53 (d, J = 6.8 Hz,
H-4), 4.88 (m, H-2 and H-3) [4.62 (dd, J = 3.1 Hz, H-2),
4.71 (dq, J= 6.8, 3.1 Hz, H-3) in CD3;0D], 5.16 (s, CH»),
576 (d, J=9.3Hz, NH), 7.38 (s, ArH); *C NMR
(75 MHz, CDCl;, gHSQC) 22.0 (C4), 57.8 (C2), 59.1
(C3), 67.6 (CH,), 128.0, 128.3, 128.5, 135.7 (Ar), 156.8
(NCO), 173.6 (C1).

For the synthesis of (2R,3S)- and (2S,3R)-2-amino-3-
chlorobutanoic acid (B-chlorothreonines) by optical reso-
lution of the racemic form, see: Shiraiwa, T.; Miyazaki,
H.; Ohta, A.; Motonaka, K.; Kobayashi, E.; Kubo, M.;
Kurokawa, H. Chirality 1997, 9, 656-660.
(2R,3R)-B-Chlorothreonine (10) has been reported by
treatment of L-threonine with SOCI, in dioxane solution:
Yamashita, K.; Inoue, K.; Kinoshita, K.; Ueda, Y.;
Murao, H. PCT WO 9933785. The methyl esters of
(2R,3R)- and (2S,3S)-2-amino-3-chlorobutanoic hydro-
chloride have been obtained from L- and p-allothreonine,
respectively, by treatment with PCls: Plattner, PL. A
Boller, A.; Frick, H.; Fiirst, A.; Hegediis, B.; Kirchenste-
iner, H.; Majnoni, St.; Schldpfer, R.; Spiegelberg, H. Helv.
Chim. Acta 1957, 40, 1531-1552; For related work in the
racemic series, see: Srinivasan, A.; Stephenson, R. W.;
Olsen, R. K. J. Org. Chem. 1977, 42, 2256-2260.

To our knowledge there is only one precedent of f-
lactonization of 3-hydroxyleucine derivatives in the liter-
ature, involving the (28,3S)-N,N-dibenzyl derivative:
Laib, T.; Chastanet, J.; Zhu, J. J. Am. Chem. Soc. 2002,
124, 583-590.

Experimental procedure for 1: N-Benzyloxycarbonyloxy-
succinimide (539 mg, 2.16 mmol) and NaHCO; (378 mg,
4.50 mmol) were added to a solution of 11 (Acros, 265 mg,
1.80 mmol) in H,O/THF 2:1 (6 mL). After stirring for
16 h at room temperature, the reaction mixture was
extracted with Et,O (3x5mL) and the aqueous layer
was acidified until pH2 and extracted with EtOAc
(4 x15mL). The combined organic phases were washed
with 1 N HCI (2x30mL) and brine (2 x 30 mL), dried
with Na,SO, and concentrated to afford the Cbz deriva-
tive (464 mg, 92%) as a colourless oil: [oc]IZDO +3.9 (c 1.07,
CHCl3); '"H NMR (400 MHz, CDCl;, COSY): 0.89 (d,
J=6.8 Hz, 3H, H-5), 0.96 (d, J= 6.8 Hz, 3H, H-5'), 1.71
(m, H-4), 3.76 (d, J =9.2 Hz, H-3),4.55(d, J = 9.6 Hz, H-
2), 5.09 (s, OCH,Ph), 6.10 (d, J=9.6 Hz, NH), 7.31 (m,
5H; ArH); '*C NMR (75 MHz, CDCl;, HSQC): 18.8 (C-
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5), 19.1 (C-5"), 30.7 (C-4), 56.3 (C-2), 67.2 (OCH,Ph), 76.6
(C-3), 127.9 (p-C), 128.0 (0-C), 128.4 (m-C), 136.0 (ipso-
Ar), 157.1 (NCO), 175.6 (C-1). A solution of the above
acid (385 mg, 1.37 mmol) in CH,Cl, (10 mL) was cooled
to 0 °C and treated with Et;N (954 uL, 6.85 mmol). The
solution was transferred to a suspension of HBTU
(975 mg, 2.57 mmol) in CH,Cl, (5 mL). The cooling bath
was removed and the resulting solution was stirred at
room temperature for 16 h. The solution was diluted with
CH,Cl, (15 mL) and washed with brine (3 x 20 mL). The
organic layer was dried with Na,SO,4 and concentrated to
give a residue, which was purified by column chromato-
graphy (SiO,, hexane/EtOAc 3:1) to give 12 (375 mg, 83%)
as a white solid: R; 0.63 (SiO,, hexane/EtOAc 1:1); for
analytical and spectroscopic data, see Ref. 26. A solution
of lactone 12 (95 mg, 0.36 mmol) in THF (7 mL) was
added, under argon, to LiCl (153 mg, 3.61 mmol), previ-
ously dried at 80 °C under vacuum for 16 h. The reaction
mixture was stirred at reflux temperature for 90 h. Then,
THF was removed by evaporation, the residue was
dissolved in EtOAc (6 mL) and extracted with saturated
solution of NaHCO; (4 x 5 mL). The combined aqueous
extracts were acidified until pH2 with 6 N HCI and
extracted with EtOAc (4 x 15mL), and the organic layer
was successively washed with H,O (2 x 30 mL) and brine
(2x 15mL), dried with Na,SO4 and concentrated to give
13 as a colourless oil (50 mg, 46%): [oc]%o —27.1 (¢ 0.5,
CHCly); '"H NMR (300 MHz, CDCl;, COSY): 1.10 (d,
J=1.8 Hz, 3H, H-5), 1.55 (d, J=17Hz, 3H, H-5'), 2.25
(m, H-4), 3.83 (dd, J = 8.4, 4.3 Hz, H-3),4.89 (dq, / = 8.8,

32.

33.

34.

4.3 Hz, H-2), 5.14 (s, OCH,Ph), 7.36 (s, 5H, ArH); '*C
NMR (75 MHz, CDCl;,HSQC): 20.5 (C-5, C-5'), 32.2 (C-
4), 56.8 (C-2), 67.8 (OCH,Ph), 70.3 (C-3), 128.5 (p-C),
128.7(0-C), 128.9 (m-C), 136.1 (ipso-Ar), 155.9 (NCO),
173.8 (C-1). Pd(C) (10 mg) was added to a solution of 13
(50 mg, 0.17 mmol) in EtOH (6 mL). The mixture was
stirred for 16 h under hydrogen atmospheric pressure at
room temperature. The catalyst was removed by filtration
through Celite®, washing several times with MeOH. The
filtrate was concentrated to give 1 (27 mg, 96%) as a white
solid. mp 134136 °C (dec); [a]g) —7.1(c0.88, H,O); NMR
data, see Table 1.

For the enantioselective synthesis of the four stereoiso-
meric 3-hydroxyleucines, see: Makino, K.; Okamoto, N.;
Hara, O.; Hamada, Y. Tetrahedron: Asymmetry 2001, 12,
1757-1762.

For NMR data of (25,35?-3-chloroleucines, see: 16, [a]]zDO
—16.7 (¢ 1.2, CHCl;); '"H NMR (300 MHz, CDCl;,
gCOSY) 1.08 (d, J= 6.6 Hz, H-5), 1.12 (d, /=7 Hz, H-
5'), 2.00 (dhept, J=9.6, 6.6 Hz, H-4), 4.19 (dd, J=9.6,
2.2 Hz, H-2), 494 (dd, J=10.2, 2.2 Hz, H-3), 5.16 (s,
CH,), 5.49 (d, J =10 Hz, NH), 7.35 (s, ArH); 1°C NMR
(100 MHz, CDCl;, gHSQC) 20.2 and 20.8 (C-5 and C-5'),
33.0 (C-4), 56.8 (C-2), 69.2 (C-3), 67.9 (CH,), 128.4, 128.7,
128.9, 136.2 (Ar), 156.9 (NCO), 175.2 (C-1). Compound 2,
see Table 1. LC-MS of the product indicated that a small
amount of an N-ethyl derivative had formed.

For the synthesis of (2S,3S)-(+)-3-fluoroleucine, see:
Davis, F. A.; Srirajan, V.; Titus, D. D. J. Org. Chem.
1999, 64, 6931-6934.
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