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Synthesis of y-Fluoro-a-methyl-a-amino Acids.
A New Alkvlafmn Procedure for Ester 1
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alanine ester imines with KO'Bu in DMSO or DMF and aikylation of the formed

AR ot ity TN e 2 ~L
ADyraci. Jcprowondion ot
enolates with several 2-fluoroaikyi halogenides 2 and subsequent hydrolysis of the imino and the ester groups
are presented as an efficient three-step sequence for the synthesis of racemic title compounds 5§
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In recent years non-proteinogenic and uncommon synthetic amino acids have gained much interest
concerning the design and synthesis of enzyme inhibitors as potential pharmaceutical agents and also
for the investigation of enzyme action [1]. o,a-Dialkyl-a-amino acids, particularly a-methyl
derivatives, became most interesting in agricultural and medicinal chemistry as well as in biochemistry.

These compounds are recognized as powerful enzyme inhibitors and are able to act as receptor
antagonists. When incorporated in peptides these compounds reduce their flexibility and can modify

Moreover, it is well known that substitution of hydrogen in amino acids and their derived peptides
by fluorine induce interesting new chemical and physiological properties. Thus, plenty of fluorinated
analogues of natural and non-natural amino acids have been synthesized by several different methods
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[6-9]. Among these compounds oniy a few y-fluoro-a-amino acids have been prepared in the past {10].
However, threo-y-fluoroglutamic acid has been shown to be a substrate of polyglutamate synthetase
[11]. The isomeric y-fluoro-L-glutamates were studied for their effect on bacterial glutamate mutase
and the (45)-isomer was found to be a potent inhibitor of this enzyme [12].

Recently we described the synthesis of racemic [13] and optically active [14] y- and &-fluoro-a-
amino acids by alkylation of glycine ester imines with 1-bromo-2-fluoroalkanes. However,

v

corresponding a-methyl derivatives are not known yet. We wish to report our results on the synthesis

Results and Discussion

Applying the general alkylation procedure [13] of the Schiff's base 1 of alanine tert.-butyl ester and
p-chlorobenzaldehyde with LDA in THF in the presence of DMPU at -78 °C followed by addition of
1-halo-2-fluoroalkanes only small amounts of the alkylation product were detected by GC. Following

the reaction of the lithium enolate of 1 in THF-dg with 1-bromo-2-fluoropentane (2b) in a NMR tube by
F NMR snectrosconv at low temperature (- 78°C — 20°C) it became ohvious that 2-fluoronentene was
T+ vJ VillpviGtuR Y (T Y N J AV Uwiwililiew UUVIUVMS WIdL & AluUAUlj\dll\allb vads
formed to some extent. Almost no alkylation was observed. Repeating this reaction and quenching the
et ki c-oel TN MY . A L 1 OO0 o = PR ~nn s
nixiure with D,0 after 4 hours at -78°C and Wdrmmg up over rugm gave 30% of the bldl’llng o-
protonated imine i and 70% of the a-deuterated analogue 1D after usual work-up as checked by 'H
NMR spectroscopy.
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These experiments show that under these conditions the E2-type elimination dominates the Sy2-
type alkylation. In order to favor the alkylation we screened different bases, solvents and temperatures.
Finally good results were obtained by treatment of 1 with KO'Bu in DMSO or DMF and subsequent
addition of the corresponding 1-halo-2-fluoroalkanes 2 [15] to form alkylation products 3 (Table 1).
Furthermore, the alkylation of 1 with 3-bromo-2-fluoropropene (2f) succeeded in obtaining 3f with
better yield compared to earlier results [16].
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Table 1: Alkylation of the imine 1 with 1-bromo-2-fluoroalkanes 2 (X=Br) and
I_hromo-2-thioronronene (2) in DMQO)
o WANVALAY lw AAWAVUL U}Jl Ul/\!llv \‘ll A3k AZIAIVANINS
Entry 1-Bromo-2- R! R? Reaction Yield 3 [%]
tluoroalkane Time [h] Temp. [°C]
1 . 1 18} e AN 70
1 LA Il j Q PAY 2y
2 2b H C.H, 6 20 88
3 2¢ H CH(CH,), 12 20 73
4 2d CH, CH, 6 90 (20)”
S o 7Y |8 17 M {AN\D)
-7 o i \/6115 j 9 PAY S \JU’
6 2f ~CH, 3 20 80
Y GC yield
The iminn ectere ¥ ara verv cencitive ta hvdralvcic Thue the ermide alkvlatinn nradiicte 2T ars
A 1w IARMEALY Wortwio o UiWw VWil )y JWIIJIIV W LU i1y WLy O19. 1 11U0,y Uiw WililWuw Ginyiauiuvii l_l.l\luu\-h) « alw
Atwnntle: herdaalarmad seritle TAT LIMT MNinctasancalantizrit, 6 4 1, 3 nam PP U PENREpL [, S,
(9371 Llly llmel LUU WIUL 1IN IIUL. LJ21ddicl UBCICL[IVIL)’ ul S HOL Uc 10 HIUCIl OIl
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, entries & and 9) and temperature (entries 8-11), but depends on the leaving group
(entries 11 and 13) and on substituents attached to the 1-bromo-2-fluoroethane moiety (entries 8, 15-
17). The diastereomeric excess was determined by '°F NMR spectroscopic analysis of 4 obtained after
mild hydrolysis of the imino group (Table 2). Finally, the tert.-butyl esters 4a - 4¢ were hydrolyzed
under drastic conditions by refluxing with 6N HCI to give compounds 5 contaminated with small



amounts of the correspml

trifluoroacetic acid at room

Table 2: Synthesis of fert.-butyl 2-amino-4-fluoro-2-methyl carboxylates 4 and 4-fluoro-2-
methyl-2-amino acids 5 by alkylation of 1 and subsequent hydrolysis of crude 3.

. . 1-Halo-2- _, 52 iy e f et e o A Yield  Yield
Entry fluoro- ’ R” Alkylation conditions 49 5
alkanes Solvent Time [h] Temp. [°C] [%] (de) [%]

7 2a H H Br DMSO 6 20 55 49
8 2b H C;H, Br DMSO 6 20 53(24) 19?
9 Zb H C;H; Br DMF 12 20 33 (24) --
10 2b H C;H;, Br DMF 12 0 46 (24) -
11 2b H C;H, Br DMF 12 -20 43 (26) --
12 2b H C;H, Br DMF 12 -40 36 (28) -
13 2b H C;H, I DMF 12 -20 40 (36) --
14 2b H C;H, 1 DMF 12 -55 29 (38) --
15 2¢ H CH(CH,;), Br DMSO 12 20 62 (66) 35"
16 2e H CoHs Br DMSO 12 20 19 (18) ©
17 2f =CH, Br DMSO 3 20 73 529

* overall yield from 1; * contaminated with the chloro amino acids 5% in the case of 5b and 15% in the

case of 5¢; ¥ decomposition with 6 N HCI; ® by hydrolysis with F;CCOOH [16]

o
rqo

Moreover, alkylation with 2-bromo-1-fluoro-1-phenylethane (2e) of the benzophenone glycine
ethyl ester imine 6 was successful. However, a-fluorostyrene could be detected by GC in addition to
the product 7 indicating that elimination of HBr competes with alkylation. Since 7 decomposed during
column chromatography the imino group of 7 was directly hydrolyzed with IN HCIl and the
diastereomeric esters 8 (1:1 ratio) were isolated in 54 % overall yield. Unfortunately, dehydro-
fluorination occurred during hydrolysis with 6N HCI. The lactone 9 [18] and the elimination product 10

[19] were isolated. The cis-configuration of 9 was confirmed by NOE experiments.
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8 [54%] 9[21 %] 10 [13 %)

Experimental

General: tert.-Butyl 2-(p-chlorobenzylideneamino)propionate (1) [16] and ethyl N-(diphenylethylene)-
glycinate (6) [17] were prepared according to literature methods. All other starting materials were
obtained from Acros, Merck and Fluka chemicals.

Melting and boiling points are uncorrected. — 'H (300 MHz), "*C (75.5 MHz) and 'F NMR (282.3
MHz): Bruker WM 300 and 'H (600 MHz): Varian 600 MHz apparatus Unity Plus. TMS was used as
standard for 'H-, CDCI, for *C- and CFCl, for 'F NMR spectroscopy If not stated otherwise CDCl,

arian GC 3400/MAT 8230 and dat
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»Lazarus III", self-construction by Dr. H. Luftmann, Organisch-Chemisches Institut,
Universitdt Miinster, ionization N, laser 337 nm, 3 ns puls-width, drift length 3 m, expected accuracy
of mass +/-0.1%, ionization MALDI. - Elemental analysis: Mikroanalytisches Laboratorium, OC,
Universitdt Miinster.

Alkylation of 1: In a Schlenk vessel 340 mg (3 mmol) of KO'Bu dissolved in 7 mL of DMSO (or

ere
DMF) at 20°C. The solution was degassed in vacuum and the v ‘g___l was filled with arg

mg (2 S mmol) of 1 in 3 mL of DMSO (or DMF) were added and the mixture was sti
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Bromofluoroalkane 2 (3.2 mmol) was added and the mixture was stirred at the temperature given in

PRy ~ A 43 v

Tables 1 and 2 for the mentioned time. Subsequently 40 mL of water and 40 mL of diethyl ether were

added and stirred for 3 min. The layers were separated and the aq. phase was extracted four times with
20 mL of ether. The combined ethereal layers were washed with saturated sodium bicarbonate solution
and sodium chloride solution and dried with magnesium sulfate. The solvent was evaporated and the
products 3 were separated by column filtration (3 c¢m silica gel).

tert.-Butyl 2-(p-chlorobenzylideneamino)-4-fluoro-2-methylbutyrate (3a). Preparation from 2.68 g (10
mol) of 1. Yield: 302 mg (39%). 'H NMR & 8.28 (s, 1H, 8-H), 7.3-7.8 (m, 4H, Ph-H), 4.66

11LIIVi ) /i K. AR Y Y - Ay L1 LNiIVIIN 112y OSRL)y 71.J71.0 11, L 1IT11),



2yp = 47.2 Hz, *Jyy = 5.0 Hz, *Jy= 6.4 Hz, CFH,), 2.18-2.48 (m, 2H, CHz), 1.50 (s, 3H, CHj), 1.46 (s,
9H, C(CH,),);*C NMR § 172.3 (s, COO), 158.4 (d, C=N), 136.8 and 134.9 (s, C-Ph), 129.4 and 128.8
(d, C-Ph), 81.5 (d, C(CH,),), 80.9 (dd, 'Jor = 162.8 Hz, CF), 66.8 (ds, 3JCF = 5.1 Hz, C(CH;)N), 40.3

(dt, 2 = 20.3 Hz, CH,), 27.9 (g, C(CH;)5), 23.7 (4, CH,); "F NMR 8 -218.6 (tt, 2 = 47.2 Hz, *Jyp =
22.9 Hz, CH,F). GC/MS m/z (%) 313 (0) [M'], 256 (3.1) [M*-C,H,], 212 (100) [M*-CO,CH,].

tert.-Butyl 2(p-chlorobenzylideneamino)-4-fluoro-2-methylheptanoate (3b): Yield: 570 mg (64%, 24%
de). Mixture of both diastereomers: '"H NMR & 8.30 (s,1H, CH=N), 8.25 (s,1H, CH=N), 7.70 and 7.38
(m, 4H, Ph-H), 4.75 (dm, 1H, 2]ﬂ:"508Hz CHF), 2.45-1.30 (m, 6H, 3xCH,), 0.95 (t, 3H, *J;; u=74

1):);PC NMR 8 172.6 (s LV 5 (d, =N)

R
ANIVAIN U 27 &V Dy G. 1
.8, 129.4 and 130.9 (d, C-Ph), dd, 'J = 166.5

CH,);), 67.4 (s, C(CH, ), 67.0 (s, C(CH;)N),
Hz, CH,), 38.1 (dt, %J = 20.3 Hz, CH,), 28.0
(q.CH;), 24.6 (q, C(CH3)3) 18.2 (dt, *Jop = 2.4 Hz, CH,) 13.9 (q, CH,CH;); F NMR & -177.6 (m,
CHF), -177.8 (m, CHF); GC/MS m/z (%) 356 (0) [M'], 298/300 (7/2) [M'-C,H,], 254/256 (100/35)
[M*-CO,C Hg]. Anal. Caled. for C;gH,,CIFNO, (355.88): C 64.13, H 7.65, N 3.94. Found C 64.00, H

7.54, N4.15.
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tert.-Butyl 2-(p-chlorobenzylideneamino)-4-fluoro-2, 5-dimethylhexanoate (3¢): Yield: 650 mg (73%,
66% de). Mixture of both diastereomers: 'T1 NMR & 8.29 (s, 1H, CH=N), 8.25 (s, 1H, CH=N), 7.72 and

7.38 (m, 4H, Ph-H), 4.56 (dddd, IH, 2/ = 51.6 Hz, 3JH =42 Hz, 3J,yy = 7.3 Hz, 3 = 11.3 Hz,
CHF), 4.47 (dddd, 1H, 2/, = 51.6 Hz, 3y, = 4.2 Hz, *Jyyy = 7.3 Hz, *Jyyy = 11.3 Hz, CHF), 1.46 (s, 9H,
C(CH,)), 1.75-2.40 (m, 3H, CH, CH,), 1.42 (s, 3H, CH;, 0.97 (d, 6H, >y = 6.9 Hz, CH(CH,),);
BCNMR & 1726 (s, COO), 158.5 (d, CH=N), 158.0 (d, CH=N), 136.8 and 135.0 (s, C-Ph), 128.8,
129.4 and 130.9 (d, C-Ph), 95.0 (dd, "Jo; = 170.4 Hz, CHF), 90.0 (dd, "Jo; = 170.4 Hz, CHF), 81.2 (s,

C(CHy)3), 67.4 (s, C(CH3)N), 67.2 (s, C(CH;)N), 43.2 (dt, 2= 20.4 Hz, CH,), 41.8 (dt, ZJ., = 20.4
Hz, CH,), 33.1 (dd, %Jcp = 20.3 Hz, CH), 28.0 (g, C(CH,),), 22.7 (g, CH3), 18.2 (dq, *Jor = 5.1 Hz,
CH;), 16.9 (dq, Jor = 7.6 Hz, CH;); "%F NMR & -183.7 (m, CHF), -184.2 (m, CHF); GC/MS m/z (%)
356 (0) [M*], 298/300 (5/1) [M*-C,H,], 254/256 (100/40) [M*-CO,C,H,].

tert.-Butyl 2-(p-chlorobenzylideneamino)-4-fluoro-2,4,4-trimethylpentanoate (3d): Yield 20% (GC).
F NMR & -133.4 (m, CF(CH;),); GC/MS m/z (%) 341 (0) [M'], 240/242 (100/25) [M*-CO, L ML,
165/167 (18/5) [240-C,HgF], 138 (8) [C;HgCIN'], 111 (3) [C{H,CI'], 61 (14) [C3H'].

tert.-Butyl 2-(p-chlorobenzylideneamino)-4-fluoro-2-methylpent-4-enoate (3f). Preparation fr“m 1.34 g

(5 mmol) of 1. Yield: 1.30 g (80%). The GC/MS, 'H, "F and '*C NMR data agree with published

Hydrolysis of the imino group of 3. The crude product 3 obtained by alkylation of 1 (5.0 mmol) was
dissolved in 10 mL of diethyl ether, 10 mL of IN HCI were added and the mixture was stirred for about
12 h at rt. The layers were separated, the aq. phase was extracted three times with 20 mL of diethyl
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aq. phases were neutralized with solid potassium carbonate and extracted four times with 40 ml. of
dichloromethane and 20 mL of ether. The combined organic extracts were dried over sodium sulfate,
the solvent was evaporated and the residue was purified by Kugelrohr distillation or column
chromatography.

tert.-Butyl 2-amino-4-fluoro-2-methylbutyrate (4a). 2.68 g (10.0 mmol) of 1 were alkylated using 1.62
g (12.8 mmol) of 2a and the crude product was hydrolyzed. Yield: 1.33 g (55%); bp 75°C/18 mbar.
'H NMR & 4.58 (ddd, 2H, *Jyye = 47.5 Hz, *Jyyy = 5.7 Hz, *Jyy; = 6.2 Hz, CFH,), 1.85-2.20 (m, 2H, CH,),
1.69 (s, 2H, NH,), 1.46 (s, 9H, C(CH;),), 1.34 (s, 3H, CH,); *C NMR & 175.3 (s, COOQ), 81.1 (s,
C(CH,),), 80.8 (dt, 'Jor = 165.8 Hz, CH,F), 56.5 (s, C(CH;)N), 40.7 (dt, 2Jo= 17.9 Hz, CH,), 28.0 (q,

C(CH-),), 27.0 (a. CH,): YF NMR §-2196 (tdd. 2/)... =47 5 Hz. 3J.. =267 Hz. 3 J... = 24 8 Hz. CH.F):
NN R AT JTfg & i o \My i 1] ), L LNAVAAN U TLa LV (Ve U HF -~ RRduy VH LV 2iE, VH b WU R Rduy NoRATL )
CHOMAC onl7 (04Y 1Q70 (0 1Y INATLTITT 1Q1T /DY TAAYT QN 7100 INATCOY CTT 1T 70 (S0 10 LT NP1 Anal
NC/IVID VL \(70) 174 \V.1) lLVl IILJ, 171 {Vv) LlVl J, YU (1vv) ll'l \./U2\.f4119], AV [JU} l\.a‘41181V J, fillal.
M1 3 Lo M TT TANTN 710N M S &Y TTNOAA AT 7T 2N Do 3 ML 17 TIN L7 W 1 L8
LalCU. 10T Lol g'INUIH (17 1.4%). U D004, T 744, IN /.04, TOUIKI L J0.1/,11 7.0/, IN /.10,
‘fer[ ,Bu.ﬁu} P_nminn-d-Hunyra-?-mothvlhontannate (AhY 1 3§ o (S0 mmol) af 1 were allkvulated nicino
. ‘)’b T RATT VI AT —YJEMLIIU et II‘DLII]LILDI/IMILUMDD \-I’ul A st oS 5 \J-\J llllllul’ AV DS A YYWiv Gin raltvil uDllls
1 NC ~ (LN cmsrmaIY AL YR nend thn mmada svumdiant s2rno herdunleead WVianld, £18£ nnn €230/ NAO/ 1N, L
1.vo g \L.V 11HIVUIJ Ul &4 dilu UIC LIUUC plogduct wad 11YuiulyZed. 1iciu. 1o lllg 2270, L4770 UC), Dp
anns/ Y. B Y 1 vy TR AT a4 -~ o3 o _ &n o 1T, TY T TT A A
80°C/17 mbar. Mixture of both diastereomers: 'H NMR 6 4.70 am, “Jyg = JU.8 Hz, I1H, UHE), 2.2/-

1.80 (m, 2H, CH,), 1.75 (s, 2H, NH,), 1.47 (s, 9H, C(CH,);), 1.45 (s, 9H, C(CH,),), 1.32 (s, 3H, CH;),
1.31 (s, 3H, CH;), 1.3-1.7 (m, 4H, 2xCH,), 0.95 (t, 3H, *Jiy = 7.2 Hz, CH,CH,); *C NMR § 176.2 (s,
C0O0), 176.0 (s, COO), 92.0 (dd, 'Joe= 165.3 Hz, CHF), 90.6 (dd, 'Jor = 165.3 Hz, CHF), 80.9 (s,
C(CH,);), 80.7 (s, C(CH,);), 57.5 (s, C(CH;);N), 55.9 (s, C(CH;)N), 46.1 (dt, 2Jo = 17.8 Hz, CH,),
45.0 (dt, *Jep = 20.3 Hz, CH,), 38.1 (dt, 2J¢¢ = 20.3 Hz, CH,CH,), 37.9 (dt, 2Jc = 20.3 Hz, CH,CH,),
27.7 (q, C(CH,)y), 27.6 (g, CH,), 27.2 (g, CHy), 18.1 (dt, *Jgp = 5.1 Hz, CH,CH,), 13.7 (g, CH,CHS,).
F NMR 8§ -178.7 (m, (‘HF] -181.9 (m, (‘HF\ GC/MS m/z (0/..\ 234 (0.4) rM*+H1 233 (M IM*1 132

1 O (2 S Sl AV M4 ARy LT \V) 4V Jy 104

(100) [M*-CO,C,H,], 112 (100) [132-HF]. Anal. Calcd. for C,,H,,FNO, (233.33): C 61.77, H 10.37, N

T A M LT 2N LT 1IN0 £0 N £ 10
U.UV, TUUWINI LU V1.0V, 11 1V.U7, IN U.i0.

7 g {50 mmaol) of 1 were alkvlatad nicing
LA DI 2 4 “e r l'lj (3 6 \J-V .Illlll\ll] /i & A N ull\ iaLwvu uﬂll‘b
1.08 g (6.0 mmol) of 2¢ and the crude product was hydrolyzed Yield: 724 mg (62%, 66% de); bp
AZOMIY L .. PR o TR TR L) Ity amvan o V-2 3 27r AN O YT —-—~
45°C/1 mbar. Mixture of both diastereomers: '"H NMR & 4.45 (dddd, Jup = 49.8 Hz, “Jm, = 10.73 Hz,

*Jun = 5.24 Hz, °Jyyy = 2.14 Hz, CHF), 4.40 (dddd, 1H, “Ji = 47.8 Hz, *Jiyy = 2.6 Hz, 3J;y, = 5.2 Hz,
3JHH = 8.8 Hz, CHF), 1.8-1.95 (m, 3H, CH,, CH), 1.74 (s, 2H, NH,), 1.47 (s, 9H, C(CH;),), 1.44 (s, 9H,
C(CH,);), 1.33 (s, 3H, CHj;), 1.32 (s, 3H, CH;), 0.96 (d, 6H, *J4y = 6.7 Hz, CH(CH,),); *C NMR &
176.6 (s, COO), 96.3 (dd, 'J = 169.3 Hz, CHF), 94.8 (dd, 'Jo = 170.4 Hz, CHF), 80.9 (s, C(CHj;);),
80.7 (s, C(CHz)s), 57.5 (s, C(CH3)N), 55.9 (s, C(CH;)N), 42.9 (dt, ZJCF =20.3 Hz, CH,), 41.8 (dt, 2JCF =
20.3 Hz, CH,), 33.0 (dd, *J =23.4 Hz, CH), 32.7 (dd, 2JCF =20.3 Hz, CH) 27.9 (g, C(CH;)3), 27.8 (q,
31..=5%51Hg7 16 0
Jop = 3.1 Hz 16.9
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tert.-Butyl 2-amino-4-fluoro-2-methyl-4-phenylbutanoate (4e): 670 mg (2.5 mmol) of 1 were alkylated
using 640 mg (3.0 mmol) of 2e and the crude product has been hydrolyzed. Yield: 127 mg (19%, 18%
de); bp 70°C/0.4 mbar. Mixture of both diastereomers: '"H NMR 8 7.35 (m, 5H, Ph-H), 5.67 (dm, *Jy¢
= 49.1 Hz, CHF), 2.60-1.80 (m, 2H, CH,), 1.84 (s, 2H, NH;), 1.52 (s, 9H, C(CH,);), 1.50 (s, 9H,
C(CH,),), 1.39 (s, 3H, CH3), 1.38 (s, 3H, CH;); 'F NMR 8 -174.9 5 (ddd, *Jy; = 49.1 Hz, °Jy, = 17.2

Hz, *J,p = 40.1 Hz, CHF), -176 (ddd, %Jo¢ = 47.7 Hz, *Jiy = 11.5 Hz, *Jys = 40.0 Hz, CHF); GC/MS
/ }270 (0) [M™], 255 (0.2) [M"-CH,], 210 (12) [M*-C,H,), 166 (100) [M'-CO,CH,]

[V LT\ Ve pava TRoaay ANV ALy paYa TRegaag PRV LY LUV AYR SRS 42 3G 5

tert -Butvl 2-amino-4-fluoro-2-methylnent-4-enoate (4£): 2.95 ¢ (10.0 mmol) of 1 were alkvlated with
i, M'v]‘- e TRATT LTI -erUl\IIV = Illvl'lljlr}/\d 143 T~ Al e 2 A \"l[ - - a \lv s AAax lvl, A ¥ WA W “lA\J AWV WNE VY AVAS
1.62 g (12.8 mmol) of 2f and the crude product was hydrolyzed. Yield: 1.64 g (81%); bp 45 °C/15
mbar. The GC/MS, 'H, '°F and *C NMR data agree with published values [16].

Hydrolysis of the tert.-butylesters 4. 2 mmoi of the fert.-butyiesters 4 were mixed with 14 mL of 6N
HC! and refluxed for 6 h. The mixture was evaporated to dryness and dissolved in abs. ethanol/diethyl
ether. Then 1 mL of propylene oxide was added and refluxed for 30 min. On cooling to rt the amino
acids precipitated as white solids which were recrystallized from ethanol/water 1:1.

2-Amino-4-fluoro-2-methylbutanoic acid (5a). Preparation from 550 mg (2.9 mmol) of 4a. Yield:
190 mg (49%); mp 173 °C, decomp. 'H NMR (D,0) & 4.75-4.40 (m, 4H, CH,F), 2.35-2.10 (m, 2H,
CH,), 1.53 (s, 3H, CH;); *C NMR (D,0) d 176.6 (s, COO), 82.2 (dt, 'Jop = 157.7 Hz, CH,F), 61.0 (s,
C(CH;)N), 37.6 (dt, 2] = 17.8 Hz, CH,), 23.1 (q, C QFNMR (D,0) 6 -216 (tdd, 2/..r~477H7

A2 i3 0 = = == bt =254

o~

3l.n=’l’)dl—l73 ’)Rﬁl—lv “H-F): MS ( "

i Hz, °Jy = 28.6 Hz, CH,F); MS (M ny M+H"]
2-Amino-4-fluoro-2-methylheptanoic acid (5b). Preparation from 443 mg (2.1 mmol) of 4b. Yield
T ey 11Q04 VA0S Aa)e saatmn 197 O dannmanm Miviiiea nf hath dinctasanmarc: LT RTAAD /TY M) & & N o
IV INE 1770, L7370 UL ), 11IP 10/ o, ULLUILLIP. IVIIALULG UL VULH Uladivi 11CL D> Il INIVIIN \1LHhUJ ) O D.UZ (1],
1H, CHF), 2.21 (m, 2H, CH,), 1.57 (s, 3H, CH,), 1.3.5-1.88 (m, 4H, CH,CH,), 0.97 (t, 3H, *Jy, = 7.4
Ho CLL.CH.) B NMR O 27 )

Hz, CH,CH,); PC NMR (D,0) & 178.1 (s, COO), 96.1 (dd, %Jo = 166.5 Hz, CHF), 62.1 (s, C(CH;)N),
9

I

443 (dt, 2 = 18.9 Hz, CH,), 39.9 (dt, 2 = 20.4 Hz, CH,), 25.9 (q, CH;), 19.6 (t, CH,), 15.2 (q,
CH,CH,); "F NMR (D,0) § -176.3 (m, CHF), -177.8 (m, CHF); MS (Maldi-TOF) m/z: 178 [M+H"].

2-Amino-4-fluoro-2,5-dimethylhexanoic acid (Sc). Preparation from 663 mg (2.85 mmol) of 4¢. Yield:
176 mg (35%, 88% de); mp 204 °C, decomp. Mixture of both diastereomers: 'H NMR (D,0) & 4.6-4.8
(m, 1H, CHF), 2.31 (m, 2H, CH,), 1.90-2.07 (m, 1H, CH), 1.70 (s, 3H, CH,), 1.06 (d, 6H, */,;,= 6.9 Hz,
CH(CH,),); *C NMR (IN HCl in D,0, d,-methanol) § 174 7 (g, COO), 174.6 (g, COO0), 98.7 (dd, 'J;

= 1653 Hz. CHF). 61 .2 (s. C(CH,IN). 60.6 (s. C(CH,)N). 398 dt 27, - =203 Hz. CH,). 332 (dt 31

BV s Addiy NRIL Jy WV hedw Oy WA ATPEN Jy VULU Py WA ATJIN Jy VMY VOF - ARioy NAAD Jy STk (ML v (CF
= 17 QW ML/ M9 Q7 A OITNY 290 7 /(A LT DA 1 amd N T (A OLIOL YN 190 NIAMAD 71N LINT fen

17,0 4, LIXCILy ), 20,0 \{, “ily), 20./ ({, “I13), 2.1 4&illU L&/ \{, LI (LT3 jp), L INIVIN (1IN 11U Q6
D,0) 6 -180.9 (m, CHF), -182.7 {(m, CHF); MS (Maldi-TOF) m/z 178 [M + H].

2-Amino-4-fluoro-2-methylpent-4-enoic acid (5f): Preparation from 120 mg (0.59 mmol) of 4f. Yieid:
33 mg (38%); mp 210 °C, decomp. The MS, 'H, °F and *C NMR data agree with published values
[16].



Ethyl N-(diphenylmethyleneamino)-4-fluoro-4-phenylbutanoate (7): Similarly to the alkylation of 1
1.34 g (5.0 mmol) ethyl N-(diphenylmethylene)glycinate (6) were alkylated with 1.30 g (6.0 mmol) 2-
bromo-1-fluoro-1-phenylethane (2e). The product decomposed partially during column
chromatography. Yield: 1.59 g (62%, 75% purity, GC, 20% de), a small amount of the pure substance
was isolated. Mixture of both diastereomers: 'I1 NMR & 7.82-7.05 (m, 15H, Ph-H,;), 5.66 (ddd, %/,
45.8 Hz, 3Jy, = 8.4 Hz, 3Jyyy = 4.8 Hz, CHF), 5.47 (ddd, 1-H, /e = 49.6 Hz, *Jiyy, = 10.25 Hz, 3w =
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, 'Jop = 170.4 Hz, CHF), 90.4 (dd, "Jp = 172.3 , 62.

(t CH,CHs;), 41.0 (dt, *J; = 22.9 Hz, CH,), 14.1 (q, CH;); i F NMR & - 174 8 (ddd 2JHF = 45 8 Hz JHF
= 26.7 Hz, *Jy = 17.2 Hz, CHF), -180.4 (ddd, *Jiy = 49.6 Hz, *Ji = 36.2 Hz, *J;;; = 14.5 Hz, CHF);
GC/MS (Ion Trap) m/z (%) 390 (6) [M*+H], 389 (0) [M'], 369 (3) [M*-HF], 316 (55) [M*-CO,C,H,],
109 (100) [C,H(F'|; Anal. Caled. for C,5H,,FNO, (389.47): C 77.10 H 6.21 N 3.60. Found C 77.34, H
6.56, N 3.55.

>
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Ethyl 2-amino-4-fluoro-4-phenylbutanoate (8): 1.34 g (5.0 m

a
mmol) 2e and the crude product was hydrolyzed according to the procedur for 4. Yield: 603 mg
10% de); bp 61°C/0.41 mbar. Mixture of both diastereomers: 'H NMR & 7.60-7.28 (m, 5H, Ph-H;),
5.77 (ddd, *Jpy = 48.4 Hz, *Jyyy = 10.3 Hz, *Jyy = 2.6 Hz, CHF), 5.68 (ddd, 1H, /i = 48.6 Hz, *Jyyy =

8.1 Hz, 3y, = 5.5 Hz, CHF), 4.19 (q, *Jiyy = 7.2 Hz, CH2CH3) 4.17 (q, *Juu = 7.2 Hz, CH,CH,), 3.72
(dd, *Jy = 10.2 Hz, 3/, = 3.8 Hz, CHN), 3.55 (dd, 1H, *Jyy = 6.4 Hz, 3Jiy; = 6.4 Hz, CHN), 2.50-1.75
(m, 2H, CH,), 1.28 (t, 2H, *J,y = 7.2 Hz, CH,CH,), 1.27 (t, 2H, *Jiyy = 7.2 Hz, CH,CH,); *C NMR &
175.6 (s, COO), 175.1 (s, COO), 139.8 (ds, Jer = 20.3 Hz, C-Ph), 128.3, 125.7 and 125.4 (d, C-Ph),
92.2 (dd, 'Jep = 167.8 Hz, CHF), 91.3 (dd, 'Jor = 170.4 Hz, CHF), 61.0 (t, CH,CH,), 51.7 (dd g =

5.1 Hz, CHN), 51.3 (dd, 3lm=5 1 Hz, CHN), 42.3 (dt,zlC 25.4 Hz, CH,), 41 Q(dt,le 25.4 Hz,
CH). 141 (n. CH.CH)Y PFNMR 8-1756 (ddd 2J. =A% 4H7 37 =926 H» 37 =131 H; CHUE)
27 WPy WRAA7213 ), 2 ANAVIAN U T o7 J.U (We, JHF FO5 124 VYF &O.U L1dy JHF 1J.J Lify 11X},
172 O (AAA 2r = AR A 1T, 3 =WV 37 = 17272 U LIGY (U OAAQ s fr £0/) A& (A TAAtT 1CN
L7067 \uul, Jyr 0.V 114, Jyr JU.L 114, JYF 19.0 1L, AL J, O/IVIO IIWZL \(70) 240 (&) |IVI |, 104
(45) [M*-CO,C,H;], 132 (100) [152-H HF], 109 (35) [(,7H6F*], Anal. Calcd. for C|;H,(;FNO, (225.26):
C6398 H7.i6,N6.22. Found C 64.38, H7.24, N 6.13

Hydrolysis of compound 8: 980 mg (4.4 mmol) 8 were dissolved in 16 mL of 6N hydrochloric acid and
refluxed for 6 h. The solvent was removed in vacuum. The residue was dried over P,0O; and
recrystallized from ethanol/diethyl ether. The lactone 9 precipitated and was isolated. Propene oxide
was added to the solution and the mixture was refluxed for 30 min. The amino acid 10 precipitates as a

white solid. The crude product was recrystallized from water.

FZ SR § 41 |1 t\n :::::: o

cis-2-Amino-4-phenylbutyrolactone hydrochloride (9): Yie 8 mg (21%); mp 173 °C (Lit. [18]: Mp

190-195 °C). 'H NMR (600 MHz, DMSO-dg) § 9.1 (s br, NH;) 7.48-7.35 (m, SH, Ph-H;), 5.53 (dd,
IH, ¥ = 10.9 Hz, *Jiy; = 5.6 Hz, 4-H), 4.51 (dd, 1H, *Jyy = 11.9 Hz, *Jy, = 8.6 Hz, 2-H), 2.91 (ddd,
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ITT 27 — 191105 37 — QA Ws 37 =€ & 112 21T Y 240 (ddd 1 27 1921 Hz 37 =110
1, Jyy — 1<4.1 112, Jyy 0.U 114, JHH J.0 114, J-llyyys)s &«.7V (UUG, 110, v 14 14, JHH 11,7
T 1y ANTT A TYT N MM ™ vy a3 Ao ol il o1 101
Hz, "Jyy = 1U.9 HZ, 5-H). 1€ 1K, ana ~C NIVIR gaia agree wiln puoiisned vaiues [10].

2-Amino-4-phenylbut-3-enoic acid (10): Yield: 98 mg (13%), Ty 207°C. MS (Maldi) m/z: 132.1
[M+H"-H,0-CO], 193.1 [M+CH,"], 200.1 [M+Na*], 216.1 [M+K'], 397.4 [2M-H'+2Na"], 413.6 [2M-
H'+Na'+K'], 429.5 [2M-H*+2K"]. The 'H and "*C NMR data agree with published values [19].
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