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ABSTRACT

(R and S )-o-Amino alcohols and e-amino acids, including 4-methoxyhomophenylalanine, with a variety of unnatural side chains have been
synthesized via palladium-catalyzed cross-coupling Suzuki reactions. The key building blocks 1 and 2, synthesized from the common achiral
precursor 2-butene-1,4-diol, were made enantiopure utilizing a Pseudomonas cepacia lipase-catalyzed kinetic resolution. The optimal conditions
for the Suzuki cross-coupling and the subsequent oxidations of the resultant o-amino alcohols are described.

Nonproteinogenie-amino acids have been widely used as
synthetic building blocks and display interesting biological
properties. Analogues of homophenylalaningssuch as
4-methoxyhomophenylalaninet@) 262 have received par-

ticular attention as constituents of potential pharmaceuticals.

A methodology to the synthesis af-amino acids and
a-amino alcohols, of botR and S epimers and containing

sity: specifically, the synthesis and use of (Rpd (S)-1
and -2, the development of cross-coupling methodology
compatible with aryl triflates and nitrogen heterocycles, and
facile oxidation protocols.

Compoundg® and2¢ have previously been prepared and
exploited as versatile intermediates. The Suzuki cross-
coupling reaction of these compounds would constitute an

a variety of unnatural side chains was desired. Recently efficient synthesis of unnaturatamino acids through direct
Taylor and co-workers published the synthesis of unnatural introduction of functional groups to the amino acid moiety.

a-amino acids utilizing palladium-catalyzed Suzuki cross-
coupling? Similar work has been the focus of this laboratory;
however, the protocol disclosed in this Letter offers signifi-
cant advantages in terms of coupling efficiency and diver-
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Our synthesis of (R)and (S)-1and (R)-and (S)-2is
illustrated in Scheme 1. Commercial gracis-butene-1,4-
diol (3) was converted to bis-imidate’ Treatment of this
material with PAGI(CH3;CN), afforded the unexpected ox-
azoline5 presumably via ar-allyl mechanisn®. Hydrolysis
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a(a) CCECN, KH, 90—93%; (b) PAG(CH3CN),, THF, 85%;
(c) i. 6 N HCI; ii. Boc,O (6), Cbz20 (7), 55%-65% (two steps); (d)
PS-30 lipase, isopropenyl acetate,—2%% (94%-99% ee); (e)

KCN, 93% MeOH; (f) DMP, acetone, BFEt;,O, quantitative.

of the somewhat volatiles proceeded best under acidic

conditions. Subsequent protection of the resultant amine salt

with either BogO or CbzO° under biphasic conditions
afforded compound§™ or 7, respectively’? Kinetic resolu-
tions of these compounds were achieved W#eudomonas
cepecialAmano PS-30) lipase in Ci8l,/isopropenyl acetate.
For theN-Boc protected, the kinetic resolution was stopped
at 50% completion to afford0in 46% chemical yield with
[@]?5 —28.5 (c 1.0, CHC}) [lit.5 [a] %% —30.5 (c 1.2,
CHCL)]. Treatment of 8 with KCN followed by 2,2-
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Under more forceful thermal rearrangement conditions, significant losses
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which sublimed at 180C. The structure of this material was verified by
treatment o6 with a dry ether solution of HCI which yielded a crystalline

dimethoxypropoane (DMP) affordest(1), [af% —17.0 (c
1.4, CHC}) [lit.5 [0]?% —17.1 (c 1.2, CHCE)]. Similar
treatment ofl0 with DMP resulted in R)-1, [0]*% +17.2

(c 1.2, CHCY). The kinetic resolution of thil-Cbz protected

7 proved more difficult and required termination at 40%
conversion to obtairil, or at 60% conversion to obtath
with high enantioenrichment. Compoutd displayed §]%%
—32.3 (1.0, CHC}) [lit. 229 [0] 25, —32.1 (c3.1, CHC})].
Treatment o with KCN resulted in the epimer df1 with
[@]?% +31.2 (c1.0, CHC}). The analogousS)-2and (R)-2

were obtained by similar treatment with DMP.

With the key building blocksl and 2 in hand, we
embarked on the investigation of conditions for hydrobora-
tion of 1 and coupling withp-bromoanisole (Table 1) en

Table 1. Hydroboration Using 9-BBN and Suzuki
Cross-Coupling Studies of Compoufdvith 1213

hydroboration yield of

entry conditions Pd cat. coupling conditions 12a (%)
1 THF, rt a Cs,COg, rt 39
2  THF,rt a K2CO3, DMF, rt 25
3 THF,67°C a K3PO4, DMF, rt 29
4  THF,rt a 3.2 N NaOH, 55°C 66
5 THF,67°C b 3.2 N NaOH, 80 °C 72
6  toluene, 80 °C b 3.2 N NaOH, 99 °C 94
7  toluene, 67 °C b CsF, 88 °C 78
8  toluene, 80 °C b 3 N NaOH, 80 °C 80
9  toluene, 80 °C b K3PO4, DMF, 100 °C 75
10  toluene, 80 °C b K>CO3, DMF, 100°C 56

a5 mol % of PAC}(dppf). P 3 mol % of Pd(PP#a.

route to 4-methoxyhomophenylalanine (40). Hydroboration
of 1 in THF at rt proved to be exceedingly slow, and
considerable starting material was present even after 24 h.
However, when the reaction was run in toluene at°8)
the starting material disappeared completely withir-38
min (entry 6).

With this satisfactory result, a wide variety of cross-
coupling conditions were explored (Table 1). Our experi-
ments indicate that a biphasic toluene/3.2 N NaOH system
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Table 2. Suzuki Coupling of R and S)-3-(tert-Butoxycarbonyl)-2,2-dimethyl-4-vinyloxazolidine

entry coupling partner product yield (%) entry coupling partner product yield (%)

CyoH
1 HaCO )-Br \/L’r\}_/‘O‘OCH3 o4 /@/ 10H21 ‘ﬁa r{ >——C10H21
12 Boc
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10 67
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15 Boc 12a
" N 66

NM92 85
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—j\ Boc / Bo¢
9 724 27 27a
NHBoc
20 20a

aPPTS in MeOHP Chromatographically separable 1:1 mixture.

at elevated temperature and with Pd(PPras catalyst  which afforded no reaction in acetdfiebut delivered the

resulted in maximum yields. Under these reaction conditions aldehyde smoothly in toluenefB;'49 subsequent oxidation

a variety of aryl halides and triflates including nitrogen by NaCIQ, resulted in a modest yield of amino acid. A two-

heterocyle¥* underwent Suzuki cross-coupling with good  step procedure consisting of Sharpless RuRIdatiort* to

to excellent yields (Table 2). the aldehyde stage followed with NaGl@eatment to obtain
With a variety of protected chiral amino alcohol derivatives the amino aci®4 gave the best resuitt However, even these

in hand, ways to convert these to amino acids were sought.conditions resulted in modest yields and were not general.

Compoundsl2a and 17a were chosen as representative As a more robust system was deemed necessari-®lez-

examples (Scheme 2). The isopropylidene moiety was first protected analogues (Table 3) were examined. Compounds
removed using PPTS. Subsequent oxidation with various
i i 14b 14 14d
agents including PDC? Jones* O,/Pt}* TPAP 4 and (14) (a) Matsunaga, H.; Ishizuka, T.; Kunieda,Tetrahedrorl997, 53,
CrOy/HslOg*¢ gave either no reaction or a complex mixture 1275. (b) Dondoni, A.; Marra, A.; Massi, Chem. Commuri998, 1741.
h (c) Maurer, P. J.; Takahata H.; RapoportJ—!Am Chem. S0d.984,106,

of products. TEMP®" proved to be a capricious oxidant 1095. (d) Ley, S. V. Norman. J.- Griffith, W. P.: Marsden, SSynthesis
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Scheme 2 Table 3. Suzuki Coupling of R and S)-

3-(Benzyloxycarbonyl)-2,2-dimethyl-4-vinyloxazolidine
i > @) - -
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a(a) i. PPTS, MeOH, 24 h; ii. RuglHslOs, CCl/CH3CN; (b)
i. TEMPO, NaOCl; ii. NaCIQ; (c) 1 M Jones reagent; (d) i. Dess
Martin/THF; ii. NaClQ,, NaH,PQy; (e) Hy, Pd/C.

o]

NHCbz NH
12b 0 /@LB’ HO’\I@’
CbzHN
17 17b

COOCH
HOOC—~_)-Br __(}2 o
-, - . 33
17b, 20b, andB0awere oxidized efficiently with 1 N Jones 33 Cbz 53a
reagent*® These conditions, however, afforded low yields
in the cases of analogues protected WitBoc or analogues #HCl in MeOH, 24 h.

containing activated aromatic rings such2®a and12a/b.

Only analogues with alkyl-substituted aromatic groups were lidines were obtained via lipase-catalyzed kinetic resolutions.

stable to the 1 N Jones reagent. Key in this convergent approach was Pd-mediated Suzuki
Dess-Martin oxidation of compoun@9ato the aldehyde  cross-coupling.

stage followed by NaCl@treatment afforded the optically

pure amino aci®8in excellent yield. Compounti2b after Acknowledgment. Support of this work by the National
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In summary, a concise method for the preparation of
diversea-amino alcohols andi-amino acids in both enan-
tiomeric series from readily available achiral starting materi-
als has been developed. Included in the analogues is
4-methoxyhomophenylalanine, a compound of current inter-
est. The precursor vinyl amino alcohols and vinyl oxazo- OL005645I
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