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We described a synthesis method by first using chloro-
trimethylsilane as the activator to brominate the Ni(II)
complex of the f-alanine Schiff’s base [B-AlaNi(1l)-
PABA] 1 and developed it to prepare -amino acids 5.
The procedure involves a Suzuki coupling reaction be-
tween boric acids and the bromoenone 2, followed by
hydrogenation and hydrolysis. This is the first report of
the application of the Ni (II) complex [-AlaNi(Il)-
PABA], which represents an attractive route to afford
o-aryl-/heteroaryl-substituted S-amino acids.

a-Substituted S-amino acids (5%-amino acids) are impor-
tant structural motifs in many natural products and medic-
inal agents.! They have also been shown to display
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interesting structural effects as constituents of S-peptides.’
Therefore, a number of potential methods have been devel-
oped for the synthesis of these compounds. To date, the
Mannich reaction® and the alkylation of S-alanine deriva-
tives* have received the most attention as synthetic routes to
B*-amino acids; other routes such as Arndt—Eistert homo-
logation,’ conjugate additions,® Curtius rearrangement,’
and reduction of unsaturated esters or nitriles® have also
been reported. However, to our knowledge, only a few
examples of the synthesis of a-aryl or heteroaryl f-amino
acids were reported in the literature. Huw et al.” reported an
intermolecular C—H insertion of substituted carbenoids
catalyzed by [Rh,(S-DOSP),] to synthesize a-aryl f-amino
acids. Akkari et al.'” used (S)-(3-hydroxy-4,4-dimethyl-2-
oxopyrrolidin-1-yl)acetic acid as a solid-phase protocol for
the preparation of amino acids. Beddow® reported a con-
jugate addition of lithium dibenzylamide to (S)-N-acryloyl-
4-isopropyl-5,5-dimethyloxazolidin-2-one and alkylation of
the resulting lithium pS-amino enolate affords various
[-amino acids. Recently, Martin et al.'' described an ap-
proach for a-aryl-substituted S-amino acids via hydrogena-
tion of B-nitro esters, which were prepared from a catalytic
asymmetric conjugate reduction. Though all these efforts
have been made, development of a synthesis method that is
both practical and efficient remains a challenge in synthetic
chemistry.

Recently, the applications of the Ni(II) complex of the
glycine Schiff’s base for the synthesis of o-amino acid
derivatives have received much attention.'*'? In addition,
we have previously'* demonstrated a convenient one-pot,
two-step protocol to generate novel nucleophilic S-alanine
equivalent 2-[N-(a-picolyl)amino]benzophenone (PABA)
derived Ni(II) complex [3-AlaNi(I)PABA] 1. It features
attractive physicochemical characteristics such as excellent
solubility in many organic solvents and good crystallinity
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SCHEME 1. Synthesis of a-Substituted 5-Amino Acids via a Ni
(IT) Complex with Boric Acids
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leading to good operation in the chemical reaction and
convenient purification. The notable merits of the Ni(II)
complex render it an attractive strategy for practical synth-
esis in industrial settings.

Accordingly, we proposed the use of the Ni(IT) complex
[B-AlaNi(I)PABA] 1 as a novel and efficient S-amino acid
equivalent for the synthesis of a-substituted S-amino acids.
Remarkably, we demonstrated that bromination of 5-AlaNi-
(IDPABA directly afforded the bromoenone of the Ni(II)
complex 2, which is followed by Suzuki coupling with boric
acids, hydrogenation, and hydrolysis (Scheme 1). This is the
first example of the preparation of o-substituted S-amino
acids from the Ni(II) complex [3-AlaNi(I[)PABA].

We initiated our studies by the synthesis of key intermedi-
ate bromoenone 2 and various reaction conditions for
the bromination of [$-AlaNi(I)PABA] 1 were examined.
By using N-bromosuccinimide or Br, as the bromina-
tion reagents combined with different bases such as TEA,
NaOH, NaH, +-BuONa, -BuOK, or LDA in various sol-
vents, the reaction could not be conducted and only the
starting material 1 was recovered. However, we obtained the
product 2 in a low yield (10%) when Br, along with 5 equiv
of chlorotrimethylsilane (TMSCI) was applied in THF
(Table 1, entry 1). It is the first time using TMSCI as the
activator to brominate the Ni(II) complex [B-AlaNi(I)
PABA]."®> Subsequently, we screened different solvents;
the results showed that CH,Cl, is the optimal solvent and
a 54% of product yield was obtained under the same
bromination conditions (Table 1, entries 2—5). Furthermore,
variation of the amounts of TMSCI was also probed
in CH,Cl, at —40 °C, and the investigations revealed
that the product 2 was afforded in 95% yield when 10 equiv
of TMSCI was used (Table 1, entries 6—9). Finally, the
reaction temperature was found to be an important factor
on this transformation, and we only obtained bromoenone 2
in 11% and 50% yields with reaction at —20 and —60 °C,
respectively. The product 2 was recrystallized from CH,Cl,
and petroleum ether, which was characterized crystallogra-
phically (Figure 1).
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FIGURE 1. The crystal structure of 2 by X-ray analysis.

TABLE 1. Optimization of the Bromination of the Ni(IT) Complex 1°
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entry solvent equiv of TMSCI temp (°C) yield (%)
1 THF 5 —40 10
2 DMF 5 —40 16
3 CH;O0OH 5 —40 21
4 C¢HsCH; 5 —40 0
5 CH,Cl, 5 —40 54
6 CH,Cl, 3 —40 32
7 CH,Cl, 8 —40 72
8 CH,Cl, 10 —40 95
9 CH,Cl, 11 —40 90
10 CH,Cl, 10 =20 11
11 CH,Cl, 10 =60 50

“Reactions were run with 2.3 mmol of 1, 23 mmol of bromide reagent
in 40 mL of the solvent, and 10 mL of triethylamine with TMSCI.

Under our optimized reaction conditions (2.3 mmol of 1,
23 mmol of Br,, 23 mmol of TMSCI, 10 mL of TEA, 40 mL of
CH,Cl,, —40 °C, 18 h), the key intermediate bromoenone 2 was
synthesized efficiently, which was subsequently used for the
preparation of compounds 3a—p by Suzuki coupling reactions.'®
The reaction proceeded satisfactorily when reacting 2 with
various boric acids in the presence of Pd(PPhs), and Na,CO3
in toluene and water under microwave irradiation. As shown in
Table 2, a variety of aromatic boric acids can participate in the
reaction to afford the corresponding products 3a—o in moderate
to excellent yields. Both electron-rich and electron-poor sub-
stituted phenyl boric acids were tolerated (Table 2, entries 2—11),
while a relatively lower yield was obtained in the case of 0-CF3-
substituted phenyl boric acid, presumably due to steric effect
(42%, Table 2, entry 6). Additionally, we further probed the
substrate scope in application to heteroaryl boric acids. Reac-
tions of 2-benzofuran and 2-dibenzofuran boric acids also
proceeded in high yields (Table 2, entries 12 and 13). However,
the corresponding products of N-heteroaryl boric acids were
obtained in lower yields (Table 2, entries 14 and 15). Lastly, the
limitation of the scope is also realized. Only trace product 3p was
obtained when alkyl boric acid was used (Table 2, entry 16).

(15) For the proposed mechanism for the preparation of the Ni(II)
complex 2 see the Supporting Information.

(16) Perron, J.; Joseph, B.; Merour, J.-Y. Tetrahedron 2003, 59, 6659—
6666.
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TABLE 2. Suzuki Couplings of Ni(II) Complex 2 with Boric Acids”
B RB(OH),,Pd(PPh
9 §/ ' Na2é03 )éeHsg:Hs 3): 9 N\Ni/>/
Mw, 70°C

2 3
entry R group yield (%)
1 Ph 3a 84
2 2-MeO-Ce¢Hy 3b 86
3 3-MeO-C¢Hy 3c 86
4 4-MeO-CgHy 3d 87
5 4-CF5-CgHy 3e 83
6 2-CF3-C¢Hy 3f 42
7 3-CF;-C¢Hy 3g 72
8 2,4-dimethoxy-CgH3 3h 74
9 3,5-bis(trifluoromethyl)-CsHj3 3i 80
10 4—F-C¢Hy 3j 82
11 4-biphenyl 3k 81
12 2-benzofuran 3/ 66
13 2-dibenzofuran 3m 72
14 4-pyridine 3n 54
15 8-quinoline 30 53
16 n-Bu 3p trace

“Reactions were run with 1.31 mmol of 2, 3.9 mmol of boric acids, 3.9
mmol Na,CO; in SmL of toluene and 2 mL of water with 0.014 mmol of
Pd(PPhs),4 at 70 °C under microwave irradiation.

Hydrogenation of the C=C segment of 3a was attempted
under several conditions (Pd/C, NaBH,, and Raney Ni).
However, only Raney Ni catalyzed hydrogenation of 3a to
produce 4ain high yield (90%). Heating a suspension of 4a in
methanol/1 N HCl yielded the target amino acid 3-amino-2-
phenylpropionic acid 5a in 96% yield and the PBP was
recovered quantitatively (Scheme 2).

In conclusion, we have successfully synthesized bromoe-
none of the Ni(II) complexes of $-alanine Schiff’s base and
developed a practical and highly efficient route to o-aryl-
and o-heteroaryl-substituted f-amino acids using the Suzuki
coupling reaction. A broad range of aryl and heteroaryl
substituents may be employed under operationally simple
and effective conditions. The absolute configuration of the
bromoenone product 2 was determined. Furthermore, this
is the first efficient application of the Ni(II) complexes of
[-alanine Schiff’s base equivalents. Further studies will focus
on mechanistic aspects and applications of the Ni(IT) com-
plex [3-AlaNi(I)PABA] in other important carbon—carbon
bond forming reactions. The results thereof will be reported
in due course.

Experiment Section

General Procedures for the Synthesis of 2. A solution of
chlorotrimethylsilane (23 mmol) in dichloromethane (10 mL)
was added dropwise to a stirred solution of [ 5-AlaNi(I)PABA]
1 (2.3 mmol) in dichloromethane (20 mL) and triethylamine
(10 mL) at —40 °C. After 0.5 h, a solution of bromine (23 mmol)
in dichloromethane (10 mL) was slowly added to the mixture. The
resulting mixture was then stirred at —40 °C for 18 h. Hydrolysis
was performed by addition of aq sat. NH,4Cl. After extraction with
dichloromethane (50 mL), the combined organic extracts were
dried over MgSO, and evaporated in vacuo. The crude residue
was purified by column chromatography on silica gel gdichloro-
methane/methanol = 20/1) to give 2 as a black solid. 'H NMR
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SCHEME 2. Hydrogenation and Decomposition of Ni(II) Com-
plex 3 To Release Amino Acids and Recovery of the Ligand PBP
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(300 MHz, CDCly): 6 8.45 (d, J =9 Hz, 1H), 8.23(d, J = 3.3 Hz,
1H), 8.01 (m, 1H), 7.90 (m, 1H), 7.44—7.63 (m, 4H), 7.26—7.41 (m,
1H), 7.12—7.24 (m, 2H), 6.97 (s, 1H), 6.78—6.83 (m, 2H) ppm; '*C
NMR (75 MHz, CDCly): 6 173.8, 169.2, 151.9, 145.3, 143.5, 140.7,
135.6, 135.3, 134.9, 131.9, 131.4, 129.4, 129.1, 127.7, 127.0, 124.1,
123.3,121.5 ppm; MS (ESI, m/z) 506 [M +H]"; HRMS(ESI) caled
for C,,H 4BrN3;0;NaNi [M + Na] " 527.9470, found 527.9454.

General Procedures for the Synthesis of 3a—p. To a stirred
solution of compound 2 (1.31 mmol) in toluene (5 mL) and
water (2 mL) was added freshly prepared tetrakis(triphenylpho-
sphine)palladium (0.014 mmol). Boronic acid (3.9 mmol) and
Na,COj; (3.9 mmol) were then added. The heterogeneous solu-
tion was stirred at 70 °C for 40 min under microwave irradiation.
Brine solution was then added, the two layers were separated,
and the aqueous phase was extracted with dichloromethane
(5 mL). The combined organic extracts were dried over MgSOy4
and evaporated in vacuo. The crude residue was purified
by column chromatography on silica gel (dichloromethane/
methanol =20/1) to give the desired compound. Selected exam-
ple, compound 3a: "H NMR (300 MHz, CDCls): 6 8.56 (d, J =
8.4Hz, 1H),8.35(d, /= 5.7Hz, 1H), 7.97 (m, 1H), 7.91 (m, 1H),
7.49—7.63 (m, 4H), 7.36—7.42 (m, 1H), 7.15—7.23 (m, 7H),
6.83—6.86 (m, 2H), 6.67 (s, 1H) ppm; '*C NMR (75 MHz,
CDCl3): 6 173.5, 152.5, 145.7, 143.8, 140.6, 140.3, 136.3, 136.1,
135.3, 134.5, 132.0, 131.2, 129.5, 129.1, 128.9, 128.1, 126.8,
124.0, 123.3, 121.4 ppm; MS (ESI, m/z) 504 [M + H]"; HRMS
(EI) caled for CogH 9N3O5NaNi [M + Na]" 526.0678, found
526.0660. (For details, please see the Supporting Information.)

General Procedures for the Synthesis of 4a. In a hydrogenation
flask was placed compound 3a and 10 mL of methanol under a
nitrogen atmosphere before the addition of Raney-Ni sus-
pended in 10 mL of water. The resulting mixture was pressurized
to hydrogen and mechanically stirred at room temperature for
30 min. The reaction mixture was filtered and the filtrate was
concentrated in a rotary evaporator to afford the crude product.
The crude residue was purified by column chromatography on
silica gel (dichloromethane/methanol =20/1) to give 4a as a red
solid in 90% yield. "H NMR (300 MHz, CDCls): 6 8.45 (d, J =
8.7Hz, 1H), 8.39 (d, J = 4.8 Hz, 1H), 7.98 (t, J/ = 8.7 Hz, 1H),
7.85(d,J = 6.9 Hz, 1H), 7.42—7.51 (m, 3H), 7.23—7.34 (m, 7H),
7.07—7.09 (m, 1H), 6.59—6.76 (m, 2H), 6.12 (d, 1H), 3.70—3.78
(m, 3H) ppm; *C NMR (75 MHz, DCl;): 6 176.0, 174.3, 169.3,
152.8, 145.8, 142.1, 140.5, 137.3, 1354, 134.4, 133.1, 129.7,
129.0, 128.2, 127.4, 127.1, 126.6, 123.8, 123.7, 121.4 ppm; MS
(ESI, m/z) 506 [M + H]"; HRMS (ESI) calcd for CogH»;N305-
NaNi [M + Na] ™ 528.0834, found 528.0844.

General Procedures for the Synthesis of 5a. The complex 4a
was decomposed by a suspension in a mixture of aqueous 1 N
HCI (I mL) and MeOH (15 mL) for half an hour until the
red color of the solution disappeared. The reaction was
cooled to room temperature and then evaporated to dryness.
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Water (20 mL) was added to the residue to form a clear solution
then this solution was separated by column chromatography
on Cjg-reversed phase (230—400 mesh) silica gel. Pure water
as eluent was employed to remove the green NiCl, and
excess HCI, then MeOH/water (1/1) was used to obtain the
product 5a.The ligand PBP decomposed from 4a was recovered
by MeOH eluent (96%), and the column chromatograph was
washed with 100 mL of MeOH for further use.
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