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B-Alanina, matéria-prima aquira e de baixo custo, foi convertida na amida quira 1 em 53%
de rendimento global. A alquilago de (R R)-1 requereu a formag&o de seu didnion, (RR)-1-Li,
que foi alcangada de maneira mais eficiente pela metagéo direta com dois equivalentes de n-BulL.i
em solugdo de THF a—78 °C. O tratamento de (R,R)-1-Li, com vérios haletos de alquila forneceu
0s produtos monoal quilados 3-6 em 24-85% de rendimento e 65-86% de diastereossel etividade.
O efeito do aditivo LiCl ou de HMPA como co-solvente na diastereossel etividade da reagéo de
alquilagdo foi essencial mente desprezivel, embora os reandimentos tenham geral mente aumentado.
A correlagdo quimicado diastereoisbmero mgjoritario dareacdo de metilacdo com (S)-a-metil-6-
alanina mostra que a adicéo do eletrofilo ocorre preferencialmente na face S do enolato. Esta
conclusdo é também apoiada por estudos de modelagem molecular (ab initio HF/3-21G) que
indicam que a conformagéio de menor energia para (R R)-1-Li, apresenta a face Re do enolato
mais impedida estericamente. Os estudos tedricos também ofereceram indicagfes Uteis sobre a
importancia da ligacéo de hidrogénio e de interagdes atrativas z-r em (R,R)-1. Adicionalmente,
os célculos prevéem um papel determinante para a quelagdo N-Li—O em (R,R)-1-Li assim como
um interessante configuragéo de tripleto iGnico para o dianion de litio (R R)-1-Li,,.

Achiral, inexpensive -alanine was converted into the title chiral amide 1 in 53% overall
yield. C-Alkylation of (RR)-1 required formation of its dianion derivative, (R R)-1-Li,, which
was best achieved by direct metallation with two equivalents of n-BuLi in THF solution and at
-78°C. Treatment of (R R)-1-Li, with various alkyl halides afforded the monoalkylated products
3-6 in 24-85% yield and 65-86% diastereoselectivity. The effect of LiCl additive or HMPA co-
solvent on the diastereosel ectivity of the alkylation reaction was essentially negligible, although
reaction yields generally improved. Chemical correlation of the major diastereomer from the
methylation reaction with (S-a-methyl-3-alanine shows that addition of the electrophile takes
place preferentially on the enolate’'s S face. This conclusion is also supported by molecular
modelling studies (ab initio HF/3-21G), which indicate that the conformation of lowest energy
for (RR)-1-Li, presents a more sterically hindered Re face of the enolate. The theoretical studies
also provided useful insight into theimportance of hydrogen bonding and attractive -t interactions
in (RR)-1. Furthermore, the calculations predict a determining role for N-Li—O chelation in
(RR)-1-Li, as well as an interesting ion triplet configuration for dilithium dianion (RR)-1-Li.,.

Keywords: Amino acids, diastereoselective alkylation, enolates, theoretical studies.

| ntroduction

During thelast few years, the preparation of enantiopure
fB-amino acids has emerged as an important and challenging
synthetic endeavor. The increasing attention given to the
chemistry of -amino acidsis partly dueto the fact that they
arecomponentsof avariety of natural productssuch astaxol,

* emalil: juaristi@relag.mx

the dolastating?, and many others®. Furthermore, a number
of f-amino acids show interesting pharmacol ogical
properties in free form*, or as their cyclized (5-lactam)
derivatives®. Also, a number of research groups have
embarked on the synthesis of oligomersfrom-amino acids,
which giveriseto stabilized helical structuresand can exhibit
aresistance to enzymatic hydrolysis®.

Much of thework pertaining enantiosel ective synthesis
of 3-amino acids has been reviewed’. Recently, the potential
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Figure 1. Open-chain, chiral f-aanine derivatives.
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Figure 2. Chiral dianionic precursors for the enantioselective synthesis of a- and -amino acids.

of chiral derivatives of g-aminopropionic acid such as A-
D (Figure 1) was explorect.

Motivated by the elegant work of Myers®, Berkowitz°,
and Mclntosh!!, who have demonstrated the highly
diastereoselective alkylation of chiral glycine-derived
dianions E-G (Figure 2) en route to enantioenriched a-
amino acids, we decided to determine the diastereo-
selectivity of alkylation of chiral 8-alanine-derived dianion
H (Figure 2)%2,

Results and Discussion

A. Preparation of (R,R)-N’,N’-Bis(c-phenylethyl)-N-
carbobenzyl oxypropionamide [(R,R)-1].

Chiral substrate (RR)-1 was obtained in 53% overall
yield from S-alanine, following the synthetic route shown
in Scheme 1. Protection of the amino group with benzyl
chloroformate (CbzCl) was followed by treatment with
thionyl chloride to afford the corresponding acid chloride,

which was added to big(R)-a-phenylethyl]amine to give
chiral amide (R R)-4, accompanied with varying amounts
of chiral dipeptide (R,R)-2.

B. Stereoselectivity of C-alkylation of (R,R)-1

C-Alkylation of chiral amide (R,R)-1 required
employment of two equivalents of base (lithium
diisopropylamide, LDA), owing to competitive N-
metallation reaction (Scheme 2d). Furthermore, as Seebach
has pointed out?, it is necessary to regenerate LDA from
its conjugated acid since diisopropylamine does quench
the reactive enolate (Scheme 2b). Therefore, only when
dianion formation was followed by the addition of two
equivalents of n-butyllithium in order to achieve lithiation
of the produced diisopropylamine, was C-alkylation
successfully accomplished (Scheme 2c).

Alternatively and more conveniently, efficient
alkylation takes place when chiral amide (R,R)-1in THF
solution is added at -78°C to a THF solution of 2.2 equiv
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of n-BuLi; the resulting dianion was then treated with
the electrophile still at -78°C. Results are summarized in
Table 1.

In the absence of additives™, diastereoselectivities of
alkylation varied in the range 67-82% (entries 1, 6, 11,
and 14 in Table 1), with ethyl iodide leading to the highest
ds = 82%. Reaction yields were only moderate. In contrast
with alkylation reactions of chiral glycine derivatives
containing the a-phenylethyl auxiliary, which are greatly
influenced by the presence of LiCl salt or HMPA (or
DMPU) as co-solvent?®, the diastereoselectivity of the
alkylation reaction of chira $-aanine derivative (R R)-1-
Li, is essentially unaffected by the incorporation of LiCl

(entries4, 5,9, and 10in Table 1) or the polar aprotic HMPA
solvent. Nevertheless, reaction yields generally increased
in the presence of the additive.

The absolute configuration of the newly created
stereogenic center in the major diastereomeric product of
methylation of (R,R)-1-Li, was ascertained by
hydrogenolytic removal of the N-Cbz protecting group,
followed by acid hydrolysis to the known S-amino acid
(9-a-methyl-g-danine, (S-7 (Scheme 3).

Although wewere unabl eto separate the diastereomeric
products (R R,9-3 and (R,R,R)-3, chemical correlation of
the major diastereoisomer (dr = 75:25) with (S-a-methyl-
B-aanine'® was unequivocal (Scheme 3).
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Table 1. Diastereoselectivity of dianion (R, R)-1-Li, akylations
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o CHs O CHs
CbZ\N/\/U\N/:\Ph 1. 2.2 equiv n-BuLi CbZ\N N/:\Ph
| J\ THF, -78°C | J\
H CHy Ph 2.RX, -78°C H R CHg Ph
(R, R)1 3-6
Entry RX Additive dra Yield

(equiv) (%)
1 CH,l — 73:27 60
2 CH,l HMPAP (1.0) 74.26 75
3 CH,l HMPA (3.0) 72:28 81
4 CH,l LiCl (1.0 75:25 41
5 CH,l LiCl (3.0 75:25 80
6 PhCH,Br — 67:33 51
7 PhCH_Br HMPA (1.0 72:28 80
8 PhCH_Br HMPA (3.0) 86:14 73
9 PhCH,Br LiCl (1.0 65:35 85
10 PhCH_Br LiCl (3.0 66:34 83
11 Etl — 82:18 62
12 Etl HMPA (1.0) 78:22 42
13 Etl HMPA (3.0) 75:25 32
14 n-Prl — 72:28 24
15 n-Prl HMPA (1.0) 71:29 50
16 n-Prl HMPA (3.0) 72:28 67

2 Diastereomeric ratio, after flash chromatography.'* The diastereomeric mixture proved inseparable in our hands. "Hexamethylphosphoramide.
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C. Molecular Modelling.

In order to rationalize the observed stereoinduction by
the chiral bis(a-phenylethyl)amino auxiliary in dianion
(RR)-1-Li,, we resorted to molecular modeling studies by
means of semiempirical PM 3 and ab initio cal cul ations®.

First of all, a search for low-energy conformations of
starting chiral amide (R,R)-1 was undertook at
semiempirical PM3 level, by means of the PC Spartan-Pro
program?®®, which makes use of Monte Carlo stocastic
methods*. This conformational search afforded nine
structures corresponding to local minima within a

10 kcal/mol maximum energy threshold. These nine low-
energy conformers were used as starting geometries for
optimization at ab initio HF/3-21G and B3LY P/3-21+G(d)
levels of theory. All studies converged into aglobal energy
minimum, |, shown in Figure 3.

Salient features of structure | are (1) the N-H—O
hydrogen bond stabilizing a“folded” conformation of the
B-aminopropionic segment, and (2) a w-z attractive
i nteraction? between the aromatic rings, which isevidently
able to overcome the anticipated preference for
conformation J, where the concept of alylic A2 strain®?is
fulfilled.
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A “folded” conformation in the S-aminopropionic
segment of monoanion (R,R)-1-Li is even more strongly
favored (Figure 4). Indeed, structure K presenting a six-
membered chelate N-Li—O is estimated to be 22.3 kcal/
mol more stable than an “extended” conformer L (Figure
4). Conformer K is also stahilized by -7 attraction®.

Finally, dianion (R,R)-1-Li, presentsthe lowest-energy
structure M depicted in Figure 5. Most interesting, the ion
triplet?* configuration of the dilithium salt M is estimated

(H-bond)

Gutiérrez-Garcia et al.
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to be a remarkable 33.8 kcal/mol lower in energy than
enolate N (Figure 5).

From observation of the calculated lowest-energy
conformation for (R,R)-1-Li, it can be appreciated that
enolate face S is less hindered towards electrophilic
approach (syn to methyl vis-a-vis phenyl groups on the a-
phenethyl moieties) relative to the Re face, which issyn to
the phenyl rings. Indeed, predicted addition of the
electrophile on the S face should lead to the preferred

.-
k
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Figure 3. Ab initio HF/3-21G conformation of minimun energy for (R, R)-1 (1). An aternative conformation J fulfilling anticipation based on the
concept of alylic A'® strain? is calculated as 6.7 kcal/mol higher in energy.
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Figure 4. Ab initio HF/3-21G conformation of minimun energy for (R, R)-1-Li (K). Alternative conformation L, presenting a four-membered N-Li—O

chelate, calculated to be 22.3 kcal/mol higher in energy.
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Figure 5. Ab initio HF/3-21G conformation of minimun energy for (R,R)-1-Li, (M), presenting an ion triplet* configuration. Alternative E-enolate N is

calculated as 33.8 kcal/mol higher in energy.

formation of the (S-configurated stereogenic center, as
experimentally observed (Scheme 3).

Conclusions

C-Alkylation of (R,R)-1, achiral -alanine derivative
containing the bis(c-phenylethyl)amine moiety, was
accomplished in moderate to good yields via dianion
(RR)-1-Li,. Observed diastereoselectivities with various
alkyl halides varied in the 65-86% ds range, and were
essentially unaffected by the presence of additives (LiCl,
HMPA).

Assignment of configuration at the newly created
stereogeni ¢ center in the methylation reaction was achieved
by chemica correlation with (S)-a¢-methyl-3-alanine. This
configuration for the main product of alkylation can be
rationalized in terms of the presumed conformation of
minimum energy for (R R)-1-Li,, determined by ab initio
HF/3-21G calculations, which exhibits a relatively
unhindered S face of the enolate.

Experimental Section
Materials and Methods

Flasks, stirring bars, and hypodermic needles used for
the generation and reactions of organolithiums were dried
for ca. 12 h at 120°C and allowed to cool in a desiccator
over anhydrous CaSO,. Anhydrous solvents were obtained
by distillation from benzophenone ketyl®. The n-

butyllithium employed wastitrated according to themethod
of Juaristi, et al?.

TLC: Merck-DC-F,,, plates, detection by UV light.
Flash column chromatography?: Merck silicagel (0.040-
0.063 mm). Melting points. Mel Temp apparatus, not
corrected. *H NMR spectra: Jeol Eclipse-400 (400 MHz),
Bruker Ultra Shield (300 MHz), and Jeol GSX-270 (270
MHz) spectrometers. *C NMR spectra: Jeol Eclipse-400
(100 MH2z), Bruker Ultra Shield (75 MHz), and Jeol GSX-
270 (67.5 MHZz). Chemical shifts (6) in ppm downfield
from internal TMS reference; the coupling constants (J)
are given in hertz. High-resolution mass spectra (HRMS)
were obtained at Ingtituto de Quimica, UNAM, México.

Procedures

(R,R)-N’,N’-Bis(1’ -phenylethyl)-N-carbobenzyl oxy-
propionamide [(R,R)-1]

A solution containing 10.0 g (112.0 mmol) of j-
aminopropionic acid in 112.0 mL of 1 N NaOH was cooled
inanicebath and treated with 17.6 mL (21.0 g, 0.12 mol) of
benzylchloroformate, followed by dow addition of 112.0
mL of 1 N NaOH. The resulting mixture was allowed to
warm up to ambient temperature and stirred overnight. The
crude product was extracted with three 100 mL portions of
diethyl ether, and the aqueous phase was acidified with 6 N
HCI to pH < 4.0. The precipitatethat devel oped wasdissolved
in CH,Cl,, dried over anhydrous Na,SO, and concentrated
in the rotary evaporator. Recrystallization of the resulting



658 Gutiérrez-Garcia et al.

residue from ethyl acetate:ethanol (10:1) afforded 21.5 g
(86% yidd) of the desired product (N-carbobenzyloxy-3-
aminopropionic acid), mp 103-104°C (lit.#2mp 103-105°C).
Thiscrystalline material (0.5 g, 2.2 mmol) was dissolved in
6.0 mL of CH.CI, and three drops of dimethylformamide.
The resulting solution was treated with 0.65 mL (9.0 mmol)
of thionyl chloride, and heated to reflux for 4 h. The solvent
was removed in the rotary evaporator and the residue was
washed three times with toluene, and then was redissolved
in 4.0 mL of CH,Cl,, and added to a solution of 1.0 g (4.4
mmol) of (R,R)-N,N-bis-(1-phenylethyl)amine?in 4.0 mL
of toluene, under nitrogen at 0°C. The reaction mixture was
allowed to warm up and stirred at ambient temperature for
14 h. The solvent was removed in the rotary evaporator and
the product was redissolved in diehtyl ether, dried over
anhydrous Na,SO, filtered, and concentrated to give an oil
that was purified by flash chromatography (hexane:EtOAcC,
9:1 - 7:3) to afford 0.60 g (62% yield) of (RR)-1, [¢]*®, =
+ 1115 (c = 1, CHCl)). *H-NMR (DMSO-d,, 300 MHz,
100°C)%26 1.70(d, J 7.1, 3H), .71 (d, J 7.1. 3H), 2.35-2.46
(m, 1H), 2.57-2.68 (m, 1H), 3.26-3.37 (br, 2H), 5.06 (~s,
2H), 5.13 (g, J 7.1, 2H), 6.55-6.63 (br, 1H), 7.10-7.23 (m,
10H), 7.27-7.42 (m, 5H). C-NMR (DMSO-d. 75 MHz,
100°C) 6 195, 36.2, 38.4, 54.0, 66.3, 127.5, 128.1, 128.3,
128.4,128.6,129.1,138.2, 142.3,156.8, 171.5. HRM Scalcd
for C,,H,N,O, (M* + 1): 431.2335. Found: 431.2354.
(R,R)-N’,N’"-Bis(1’ -phenylethyl)-N-(N" -carbobenzyl -
oxyaminopropionyl)N-car bobenzyl -oxypropionamide
[(RR)-2]

This dipeptide was obtained as side product in the
preparation of (RR)-1. [a]*, =+ 82.6 (c= 1, CHCL,). 'H-
NMR (DMSO-d,, 400 MHz, 100°C) ¢ 1.65 (d, J 7.3, 6H),
2.46 (ddd, 13 15.5, 23 7.7, 3 7.6, 1H), 2.64 (ddd, *J 15.5,
2) 7.6, 31 7.6, 1H), 3.03 (t, J 6.8, 2H), 3.35 (dt, 1J 6.6,
2]6.6, 2H), 3.94 (dd, 13 7.5,23 7.5, 2H), 5.01-5.18 (m, 4H),
5.21 (d, J 125, 1H), 5.25 (d, J 12.5, 1H), 6.78 (br, 1H),
7.06-7.55 (m, 20H). *C-NMR (DMSO-d,, 100 MHz,
100°C) 6 19.0, 34.4, 37.4, 38.6, 41.5, 53.5, 53.5, 65.9, 68.6,
127.1, 127.8, 128.0, 128.1, 128.2, 128.2, 128.4, 128.7,
128.9, 136.0, 137.8, 141.8, 154.3, 156.5, 170.4, 173.8 MS
(15 eV) m/z 636 (M* +1), 530, 422, 303, 259, 210, 120,
91. HRMS calcd for C,H,,N.O,: 636.3074. Found:
636.3084.

General procedure for the reaction of g-alaninamide
dianion (R,R)-1-Li, with €electrophiles

To asolution of 0.43 mL (1.02 mmol) of 2.6 N n-BuL.i
in 5 mL of THF at -78°C and under nitrogen atmosphere

J. Braz. Chem. Soc

was added dropwise 0.20 g (0.46 mmol) of (R R)-1in 10
mL of THF. The resulting solution was stirred for 1 h at
-78°C and then the alkylating agent (1.1 equiv) was added
with continuous stirring. The reaction mixture was stirred
at -78°C for 3-4 h before quenching with ag. NH,CI. The
product was extracted with three 5-mL portions of EtOAc,
the combined organic extracts were dried over anhydrous
Na,SO,, filtered and concentrated. Final purification of the
diastereomeric mixture of products was accomplished by
flash chromatography* (hexane:EtOAc, 80:20).

(RR)-N',N'-Bis(1'-phenyl ethyl)-N-carbobenzyl oxy-(29)-2-
methylpropionamide [(RR,S)-3].

These NMR data correspond to the magjor product of
methylation, as extracted from spectra of the unseparable
diastereomeric mixture (see section B and Table 1). 'H-
NMR (DM SO-d,, 300 MHz, 100°C#) 6 0.72(d, J 6.6, 3H),
1.69 (d, J 6.6 Hz, 3H), 1.71 (d, J 6.0, 3H), 2.83-2.97 (m,
1H), 3.00-3.13 (m, 1H), 3.24-3.36 (m, 1H), 5.08 (s, 2H),
5.12-5.32 (br, 2H), 6.67-6.80 (br, 1H), 7.05-7.40 (m, 15H).
BC-NMR (DMSO-d,, 75 MHz, 100°C) 6 14.0, 18.3, 37.4,
44.2,52.0,64.9, 126.1, 126.7, 126.9, 127.0, 127.2, 127.6,
136.7, 141.0, 155.7, 174.4.HRMS calcd for C,.H_N,O;;
445.2491. Found: 445.2492.

(RR)-N',N’-Bis(1 -phenyl ethyl)-N-carbobenzyl oxy-(29)-2-
benzylpropionamide [(RR,S)-4].

The following NMR data correspond to the major
product of benzylation, which was separated and purified
by fractional crystallization from EtOAc, mp 187-189°C.
[a]®,=+89.6(c=1, CHCL,). Itisassumed that benzylation
takes place with similar stereochemical outcome as the
methylation reaction. *H-NMR (DMSO-d,, 300 MHz,
100°C) 6 1.33 (br, 3H), 1.54 (br, 3H), 2.7 (d, J 6.5, 2H),
3.19 (m, 1H), 3.27-3.42 (m, 2H), 4.83 (br, 1H), 5.07 (m,
2H), 6.76 (br, 1H), 6.98-7.35 (m, 20H). *C-NMR (DM SO-
d,, 75 MHz, 100°C) ¢ 17.9, 35.9, 43.2, 44.5, 53.1, 65.0,
125.4, 127.0, 127.0, 127.5, 127.6, 128.5, 136.6, 138.8,
139.9, 141.2, 155.7, 172.7. HRMS calcd for C,H_N,O,
(M* +1): 521.2804. Found: 521.2797

(RR)-N',N'-Bis(1’-phenyl ethyl)-N-car bobenzyl oxy-(29)-
ethylpropionamide [(RR,9-5].

Thefollowing NMR data correspond to themgjor product
of alkylation with ethyl iodide, as extracted from spectra of
the unseparable diastereomeric mixture (see section B and
Table 1), and assuming that ethylation takes place with the
same stereochemical outcome as the methylation reaction.
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'H-NMR (DMSO-d,, 300 MHz, 100°C) 6 0.63 (t, J 7.4 Hz,
3H), 1.24-1.43 (m, 2H), 1.67 (d, J 7.0 Hz, 6H), 2.91 (m,
1H), 3.14 (ddd, *J 13.4 Hz, 2J 6.3 Hz, 3J 2.0 Hz, 1H), 3.32
(ddd, *J13.2Hz,2]6.5Hz,3J 2.2 Hz, 1H), 5.05 (s, 2H), 5.14
(9,3 7.0Hz, 2H), 6.62 (br, 1H), 7.10 (m, 10H) 7.32 (m, 5H).
BC-NMR (DMSO-d,, 75 MHz, 100°C) 0 10.3,18.1, 22.6,
42.7, 43.6, 52.5, 65.0, 126.0, 126.8, 126.9, 127.0, 127.1,
127.6, 136.7, 141.0, 155.7, 173.5. HRMS calcd for
C,HN,O, (M* +1): 459.2648. Found.: 459.2661.
(RR)-N',N’-Bis(1’ -phenyl ethyl)-N-car bobenzyl oxy-(29)-
(n-propyl)propionamide [(R,R,S)-6].

The following NMR data correspond to the major
product of akylation with n-propyl iodide, as extracted
from spectraof the unseparabl e diastereomeric mixture (see
section B and Table 1), and assuming that propylation takes
place with the same stereochemical outcome as the
methylation reaction. *H-NMR (DMSO-d,, 300 MHz,
100°C) 6 0.71 (t, J 7.2 Hz, 3H), 0.94-1.14 (m, 2H), 1.25-
1.35 (m, 2H), 1.66 (d, J 7.0 Hz, 6H), 2.90-3.00 (m, 1H),
3.08-3.19 (m, 1H), 3.31 (ddd, 2J 13.2 Hz, 21 6.5 Hz,3J 2.1
Hz, 1H), 5.04 (s, 2H), 5.12 (g, J 7.0, 2H), 6.61 (br, 1H),
7.05(m, 10H) 7.28 (m, 5H). *C-NMR (DM SO-d,, 75MHz,
100°C) ¢ 13.3, 18.1, 18.9, 31.9, 42.1, 42.8, 52.6, 65.0,
126.0, 126.7, 126.8, 126.9, 127.0, 127.1, 127.6, 136.7,
140.7, 155.6, 173.6. HRMS calcd for C,H_N.O, (M* +
1): 473.2804. Found: 473.2794.

(9-2-Methyl-3-aminopropionic acid [(S)-7]

In ahydrogenation flask was placed 0.34 g (0.77 mmol)
of the diastereomeric mixture of (RR,9-3 and (RRR)-3
(dr=75:25), 0.035 g of 10% Pd(C), and 25 mL of methanoal.
The flask was pressurized to 1 atm of H, and stirred at
ambient temperature for 6 h. The reaction mixture was
filtered over celite and concentrated in arotary evaporator
to afford the deprotected aminein 98% yield (0.23 g). This
product was transferred to a glass ampoule and dissolved
in 8.0 mL of 4N HCI and heated to 90°C for 14 h. The
crude product was washed with three 20-mL portions of
CH.CI,, the agueous phase was concentrated, and the
residue was adsorbed to acidic ion exchange resin Dowex
50W X 4. The residue was washed with distilled water until
the washings came out neutral, and then the free amino
acid was recovered with 0.1 N aqueous NH,OH.
Evaporation afforded 0.07 g (93% yield) of the chiral 3-
amino acid (S)-7 (expected ee = 50%, based on the 75:25
diastereomeric ratio of the starting material (RR,S- and
(RRR)-3). [a]®, =+7.9 (c=1.03, LN HCI), lit.® [a]®, =
- 14.2 (¢ = 0.42, H,0) for the pure (R) enantiomer.
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