Q1

Q2

G Model
CCLET 3840 1-5

Chinese Chemical Letters xxx (2016) XXX-XXX

journal homepage: www.elsevier.com/locate/cclet

Contents lists available at ScienceDirect

Chinese Chemical Letters

Original article

Concise synthesis of valuable chiral N-Boc-8-benzyl-f-amino acid via
construction of chiral N-Boc-3-benzyl-5-oxoisoxazolidine through
cross-Metathesis/conjugate addition/oxidation

a,b,*

Hong-Tao Jiang®*, Hao-Ling Gao®, Cheng-Sheng Ge

2 College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China
P College of Chemistry and Materials Engineering, Quzhou University, Quzhou 324000, China

ARTICLE INFO ABSTRACT

Article history:

Received 15 August 2016

Received in revised form 26 September 2016
Accepted 29 September 2016

Available online xxx

Keywords:

Synthetic methods
Conjugate addition
Organocatalysis
Asymmetric catalysis
Enantioselective

Valuable chiral N-Boc-B-benzyl-B-amino acid was concisely synthesized via construction of chiral N-
Boc-3-benzyl-5-oxoisoxazolidine through cross-Metathesis/conjugate addition/oxidation. All of the
starting materials for the synthesis of chiral N-Boc-S-benzyl-B-amino acid are cheap, and two-step short
procedure make it easy for the rapid construction of various chiral g-arylmethyl-B-amino acids and

important drugs, such as sitagliptin phosphate.
© 2016 Hong-Tao Jiang, Cheng-Sheng Ge. Chinese Chemical Society and Institute of Materia Medica,
Chinese Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.

1. Introduction

Optically pure B-arylmethyl-B-amino acids show very exten-
sive application in life science as fundamental moieties of
biologically active peptides and small-molecular drugs [1]. For
example, a matrix metalloproteinase-2 inhibitor S-tetrapeptide
has (S)-B-benzyl-B-amino acid units [2]. As first dipetidyl
peptidase IV inhibitor approved by USFDA in 2006, sitagliptin
phosphate (Januvia) contains a (R)-3-amino-4-(2,4,5-trifluoro-
phenyl)butanoic acid subunit [3]. Moreover, enantiopure [3-aryl-
methyl--amino acids are common chiral building blocks for
organic synthesis [4]. Generally, the formation of chiral center of
enantiopure [3-arylmethyl--amino acids is based on as follows:
(1) asymmetric hydrogenation of an enamine via expensive ligands
and toxic Pt, Rh or Ru metal [5]; (2) homologation of an
enantiopure «-amnio acid by the Arndt-Eistert method [6] or
by reduction to a-amino alcohol, which is converted to the
corresponding cyanide, followed by hydrolysis [7]; (3) enzymatic
catalyzed hydrolysis and alcoholysis of racemic B-lactam rings or
B-amino esters [8]; (4) the reduction and substitution of
enantiomeric lactone prepared from optically pure aspartic acid

* Corresponding authors at: College of Chemical Engineering, Zhejiang University
of Technology, Hangzhou 310014, China.
E-mail addresses: jht@zjut.edu.cn (H.-T. Jiang), gechengsheng@qzu.zj.cn
(C.-S. Ge).

http://dx.doi.org/10.1016/j.cclet.2016.10.005

[9]; (5) conjugate addition of chiral amine to «,8-unsaturated ester
[10] or conjugate addition of amine to «,f-unsaturated ketone
catalyzed with chiral Lewis acids [11]; (6) palladium-catalyzed
cross-coupling reaction between enantiopure organozinic reagent
derivated from «-amino acids and aryl iodides [12]; (7) ring
opening of enantiomeric B-lactone or B-lactam with various

nucleophilic reagent [13]; Recently Zhou et al. developed chemical 4

kinetic resolution of unprotected S-substituted S-amino acids
using recyclable chiral ligands to obtain optically pure B-benzyl-
B-amino acid and 3-amino-4-(2,4,5-trifluorophenyl)butanoic acid
[14].

With the rapid development of asymmetric organocatalysis, a
variety of hemiacetals can easily be prepared with high enantio-
selectivity via the secondary amine-catalyzed tandem conjugate
addition between N-protected hydroxylamines and «,(-enals as
key step [15]. During our preparation of manuscript, Dou et al.
reported a spiro-pyrrolidine-catalyzed asymmetric conjugate
addition of hydroxylamine to enals and 2,4-dienals to form
hemiacetals [16].

Sequential one-pot or cascade reaction can improve reaction
efficiency and avoid the time-consuming purification of inter-
mediates [17]. Catalyzed by commercially available Grubbs
second-generation catalyst (Grubbs-II catalyst), the cross-Metath-
esis (CM) of terminal olefins with crotonaldehyde can afford «,8-
enals in high yield and high E/Z selectivity, which can subsequently
react with a variety of nucleophilic reagent in a one-pot fashion
[18].
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Fig. 1. The structures of catalysts.

Herein we investigated asymmetric conjugate addition be-
tween N-protected hydroxylamines and (E)-4-phenylbut-2-enals
catalyzed by both chiral secondary amine and Brgnsted acid.
Furthermore, various (3R,55)-N-Boc-3-arylmethyl-5-hydroxyisox-
azolidines were synthesized via one-pot olefin cross-Metathesis
and conjugate addition. In the end, valuable chiral N-Boc-
B-benzyl-B-amino acid was concisely synthesized in two-step
short procedure via construction of chiral N-Boc-3-benzyl-5-
oxoisoxazolidine through cross-Metathesis/conjugate addition/
oxidation starting from allybenzene and crotonaldehyde.

2. Results and discussion

Initially, we tried the conjugate addition of (E)-4-phenylbut-2-
enal 1 and N-Boc-protected hydroxylamine 2 or N-Cbz-protected
hydroxylamine catalyzed by secondary amine catalyst (Fig. 1,1, Il or

III) without Brensted acid additive followed by the reported

Table 1

literatures [15b]. However, we failed to get any products and the
starting materials were recovered. We envisioned that hemiacetal
formation via subsequent tandem intramolecular cyclization may
drive the conjugate addition. On the other hand Brgnsted acid can
activate formyl group in the conjugate addition adduct to facilitate
intramolecular hemiacetal formation.

Thus, the influence of Brgnsted acid additives was evaluated,
and the results were shown in Table 1. In the presence of 20 mol%
piperidine 3a and 20mol% benzoic acid (pK,=4.19) [19]
chloroform, the conjugate addition of (E)-4-phenylbut-2-enal 1
and N-Cbz-protected hydroxylamine could not happen at room
temperature and the starting materials were recovered. Further,
we examined the reaction of (E)-4-phenylbut-2-enal 1 and N-Boc-
protected hydroxylamine catalyzed by 20 mol% piperidine I and
20 mol% benzoic acid in chloroform at 0°C (Table 1, entry 1). The
intermolecular hemiacetal 5 was isolated in 91% yield. It seems
that acidity of the reaction mixture in the presence of piperidine I
and benzoic acid is not strong enough to activate the formyl group
in the conjugate addition to in-situ form intramolecular hemiacetal
product 3a. With the presence of 20 mol% (S)-diphenylprolinol-
TMS 1I together with 20 mol% benzoic acid as catalyst (entry 2),
compound 3a and compound 5 were isolated in 71% yield with 89%
ee and 11% yield, respectively. Fortunately, using 20mol% p-
nitrobenzoic acid (pK,;=3.47) as additive, compound 4a was

Conjugate addition between (E)-4-phenylbut-2-enal and N-protected hydroxylamines in the presence of secondary amine and Brensted acid additives.”

N0 BocN—O,
mOH Boc
1 catalyst (20 mol%) 3a N\O

+  additive (20 mol%) BoeN-0  © OH
BocNHOH  Solvent @\/k)\oeoc LY o
2 N
4 Boc
5

Entry Cat. Solvent Additive Product (% yield, %ee®)
1 I CHCl, PhCOOH 5(91)¢
2 I CHCl, PhCOOH 3a (71, 89)+5 (11, n.d.%)
3 I CHCl, p-NO,CgH4COOH 3a (84, 92)
4 Il CHCl, HPO, 3a (21, 43)+4 (35, 43)
5 Il CHCl; TFA 3a (18, 41)+4 (42, 42)
6 i CHCl; p-TsOH 3a (8, 45)+4 (65, 45)
7 i Et,0 p-NO,CgH4COOH 3a (78, 86)
8 I MeOH p-NO,CH4COOH a (72, 76)
9 i Toluene p-NO,CsH4COOH a (77, 80)
10 i DCM p-NO,CgH4COOH 3a (90, 92)
1 Il DCM p-NO,CH4COOH 3a (90, 92)°
12 I DCM p-NO,CsH,COOH 3a (79, 45)
13 I\ DCM p-NO,CgH4COOH 3a (30, 42)

Q7 bysolated yield after silica-gel column chromatography.

2 All reactions were carried out using (E)-4-phenylbut-2-enal 1a (146 mg, 1 mmol), N-Boc-hydroxylamine 2 (199 mg, 1.5 mmol) and catalyst (65 mg, 0.2 mmol, 20 mol%) in
solvent (5mL) in the presence of the indicated Brgnsted acid additives (20 mol %) at 0°C for 8 h.

¢ Determined by a chiral HPLC analysis of the isolated products.
4 The reaction was run at room temperature.
¢ n.d.: not determined.

f 10 mol% of (S)-diphenylprolinol-TMS II and 10 mol% of p-nitrobenzoic acid were applied to the reaction and the reaction was run at 0°C for 15 h.

MesN NMes
a_r
1 | (0 1 mol%)
PC}’3

BocNHOH (1.2 equiv.)
11 (10 mol%)

p-NO,PhCOOH (10 mol%)

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Grubbs-II calalyst N0 DCM, 0°C, 15 h BocN-Q,
DCM, reflux 1 "“"OH
12h, >20/1 E/Z .
2 equiv. not isolated 3a

Scheme 1. One-pot CM/conjugate addition for the enantioselective synthesis of (3R,55)-N-Boc-3-benzyl-5-hydroxyisoxazolidine.
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Table 2
Scope of one-pot CM/conjugate addition.”

g |O BocN-O,
Ar + = Ar\/k)""'OH
Me/\)
6 2 equiv. 3
Entry Substrate Product Yield (%)° ee (%)
1 = Boc 86 92
N
©/\/ ©/\L;o
6a /
3a ‘oH
2 Boc 74 87
F. N
\@/\/ :
3b ‘VaOH
3 Boc 84 88
N\
7 o
3c %OH
4 Boc 78 83
N\
D/\/ m/o
Cl P
3d OH
5 Boc 75 85
N\
/@/\/ mo
MeO’ B
3e OH
6 MeO II?IOC 77 82
ow
3f %OH
7 Boc 73 95
N\
SO
3g '%OH
8 71 88
O Boc
N
‘/\/ O s
3h %OH
9 Boc 75 85
N\
T oS
F P
3i OH
10 F 79 93
/@/v .

2 All reactions were carried out via one-pot CM/conjugate addition operation: a
solution of allyl aromatic compound 6 (1 mmol) and crotonaldehyde (2 mmol)
together with 0.1 mol% Grubbs-II catalyst in dichloromethane (10 mL) was refluxed
for 12 h, and then it was cooled to 0°C. To the reaction mixture was subsequently
added N-Boc-hydroxylamine 2 (159 mg, 1.2 mmol) and catalyst II (10 mol%) and p-
nitrobenzoic acid (10 mol%), and then the resulting solution was stirred at 0°C for
15h.

b Isolated yield after silica-gel column chromatography.

¢ Determined by a chiral HPLC analysis of the isolated products.

afforded in 84% with 92% ee (entry 3) at 0°C. Stronger carboxylic
acids such as phosphoric acid (pK;=2.12) and TFA (pK,=0.23),
TsOH (pK,=—2.8) promoted the in-situ formation of intramolecu-
lar hemiacetal in conjugate addition reaction (entries 4-6),
however the enantioselectivities are low and double-Boc deriva-
tive 4 was isolated. Though stronger Brgnsted acid (phosphoric
acid and TFA, TsOH) can activate the formyl group in the conjugate
addition adduct to in situ form intramolecular hemiacetal product,
the migration of Boc group from N-Boc-protected hydroxylamine
happened in this case.

A solvent screening showed that the reactions catalyzed by (S)-
diphenylprolinol-TMS II and p-nitrobenzoic acid generally pro-
ceeded smoothly in other solvents, such as Et,0, methanol, toluene
and dichloromethane (DCM) (entries 7-10). Dichloromethane
(DCM) afforded slightly higher yield. While the loading amount of
(S)-diphenylprolinol-TMS II and p-nitrobenzoic acid were reduced
to 10 mol%, no loss of yield and enenatioselectivity can be observed
(entry 11). Next, we explored the effect of catalysts on the reaction
in dichloromethane solvent. Calalyst IIl containing 3,5-difluor-
ophenyl groups instead of phenyl groups resulted in poor
enantioselectivity (45% ee) (entry 12). Catalyst IV gave intramo-
lecular hemiacetal 3a in low yield with poor enantioselectivity
(entry 13).

Then, the one-pot CM/conjugate addition was performed
(Scheme 1). The reaction mixture of terminal olefin 6a and excess
(2.0 equiv.) of crotonaldehyde together with 0.1 mol% Grubbs-II
catalyst in dichloromethane was refluxed for 12 h. Checked by 'H
NMR, the terminal olefin 6a was quantitatively converted to (E)-4-
phenylbut-2-enal 1 (>20/1 E/Z). The loading amount of Grubbs-II
catalyst can be reduced to 0.05mol%, however the reaction was
prolonged to 48 h. The above reaction mixture was cooled to 0°C,
and then N-Boc-protected hydroxylamine 2 (1.2 equiv.), (S)-
diphenylprolinol-TMS II (0.1 equiv.) and p-nitrobenzoic acid
(0.1 equiv.) were subsequently added to it. The reaction mixture
was stirred for 15h and compound 3a was isolated in 86% yield
with 92% ee.

With the optimized condition in hand, we further explored
the substrate scope of the one-pot CM/conjugate addition
(Table 2). In the presence of 10 mol% of (S)-diphenylprolinol-
TMS II and 10 mol% of p-nitrobenzoic acid in dichloromethane,
the one-pot CM/conjugate addition gave the corresponding (3R)-
tert-butyl 3-arylmethyl-5-hydroxyisoxazolidine-2-carboxylate 3
in moderate to good yields with good enantioselectivities (entries
1-10). The use of 2-allylnaphthalene 6g resulted in higher
enantioselectivity (95% ee), which can be attributed from more
bulky group adjacent to reacting center (entry 7). It was necessary
to mention that 1-allyl-2,4,5-trifluorobenzene 6j gave corre-
sponding 5-hydroxyisooxazolidines 3j, a potential intermediate
for the synthesis of sitagliptin phosphate in 79% yield with 93% ee.
It may be attributed to the high reactivity of multiple-fluoro
phenyl group.

We then turned our attention to convert (3R,5S)-N-Boc-3-
benzyl-5-hydroxyisoxazolidine 3a to chiral g-benzyl-S-amino
acid. Oxidation/NO bond cleavage sequence reaction is a common
methodology to furnish this transformation. However, the
conversion of compound 3a to isooxazolidin-5-one 7 did not take
place under the condition of NaClO,/NaH,P04/2-methyl-2-butene
or by PDC oxidation. NaClO,/H,0,/NaH,PO, oxidation was
normally used in conversion of aldehydes to carboxylic acids
[20]. When we tried to convert (3R,5S)-N-Boc-3-benzyl-5-hydrox-
yisoxazolidine 3a to (R)-N-Boc-3-benzyl-5-oxoisoxazolidine 7
with NaClO,/H,0,/NaH,PO, oxidation, fortunately (R)-N-Boc-3-
benzyl-5-oxoisoxazolidine 7 was obtained in 82% yield without the
loss of enantioselectivity (Scheme 2). Finally, chiral (R)-N-Boc-
B-benzyl-B-amino acid 8 was obtained after hydrogenation in 99%
yield. The absolute configuration of 8 was unambiguously revealed

10.1016/j.cclet.2016.10.005
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NaClO,/H,0, NHBoc
NaH,PO,
BocN-0. CH;CN/H,0 BocN-0. Pd/C/H, COOH
oy E——
"OH 82% O 999
3a 7 8

Scheme 2. Conversion of (3R,5S)-N-Boc-3-benzyl-5-hydroxyisoxazolidine 3a.

MesN_ _NMes
Cl ‘YJPh BocNHOH (1.2 equiv.)
= 0,
1RV (0.1 mol%s) 11 (10 mol%)
P PCys o p-NO,PhCOOH (10 mol%)
+ (|) Grubbs-II catalyst N DCM, 0°C, 15 h BocN-Q
6a Me/\) DCM, reflux 1 "OH
, 15h, >20/1 E/Z ) 3
2 equiv. not isolated a
not isolated
NaClO,11,0, NHBoc
NaH,PO, COOH
CH:CN/HO BocN~-Q Pd/C/H,
70% © 99%
7 8

Scheme 3. Concise enantioselective synthesis of -benzyl-B-amino acid in two-step procedure.

as R ([a]p?*+18.1° (C 0.67 in MeOH); Ref. [21] [a]p?®+19.7° (C
0.67 in MeOH)). Furthermore, chiral (R)-N-Boc-B-benzyl--amino
acid 8 was synthesized in 69% total yield in two-step procedure
starting from allylbenzene 6a and crotonaldehyde (Scheme 3).
With this methodology, multi-gram of chiral (R)-N-Boc-S-benzyl-
B-amino acid 8 was obtained in 70% total yield.

3. Conclusion

In summary, we reported a concise enantioselective synthesis
of valuable chiral N-Boc-B-benzyl-B-amino acid in two-step
procedure. The synthetic strategy is based on the rapid construc-
tion of chiral N-Boc-3-benzyl-5-oxoisoxazolidine via cross-Me-
tathesis/conjugate addition/oxidation. All of the starting materials
for the synthesis of chiral N-Boc-8-benzyl-S-amino acid are cheap
and procedure can be scaled up for the preparation of various chiral
B-aryl-B-amino acids and important drugs, such as sitagliptin
phosphate.

4. Experimental

All the reactions were monitored by thin-layer chromatography
(TLC) that was performed on silica gel plates GF254. Visualization
was achieved under a UV lamp (254nm and 365nm), and by
developing the plates with potassium permanganate in water.
Flash chromatography was performed using silica gel (200-
300 mesh) with solvents indicated in the text. NMR spectra were
registered in a Bruker Advance 400 Ultrashield spectrometer in
CDCl; at room temperature, operating at 400 MHz ('H) and
100MHz ('3C). Chemical shifts are reported in ppm. High
performance liquid chromatography (HPLC) was performed on a
Shimadzu chromatograph (Essentia LC-16), using Chiralcel col-
umns and guard columns. The spectral data of all the compounds
are presented in the Supporting information.

Procedure for concise enantioselective synthesis of valuable N-
Boc-B-benzyl-B-amino acid in two-step procedure: A solution of
allylbenzene 6a (1.18g, 10mmol) and crotonaldehyde (1.4g,
20mmol) together with 0.1 mol% Grubbs-II catalyst (9mg,
0.01 mmol) in dichloromethane (100 mL) was refluxed for 12h,
and then it was cooled to 0°C. To the reaction mixture was
subsequently added N-Boc-hydroxylamine 2 (1.59 g, 12 mmol) and
catalyst II (330mg, 1 mmol, 10 mol¥%) and p-nitrobenzoic acid

(160 mg, 1 mmol, 10 mol %), and then the resulting solution was
stirred at 0°C for 15 h. The resulting solution was evaporated to
remove the dichloromethane, and then acetonitile (50mL),
NaH,PO4 (240 mg, 2 mmol) in water (10 mL) and H,0, (35W¥% in
water, 1.4 mL, 14 mmol) was added to the residue. A solution of
NaClO; (1.27 g, 14 mmol) in water (14 mL) was dropwise added to
the above reaction mixture at 10°C. The mixture solution was
diluted with dichloromethane (200 ml) and washed with saturated
sodium bicarbonate aqueous solution (50 mL) and brine (50 mL).
The resulting organic phase was dried over Na,SO,, filtered and
concentrated under reduced pressure. The crude product was
purified over silica gel column chromatography (PE/EtOAc, 5:1-
3:1) to give (R)-N-Boc-3-benzyl-5-oxoisoxazolidine 7 (1.98 g, 71%
yield) as a white solid. 92% ee; Chiral HPLC condition: SHIMADZU
Essentia LC-16 HPLC, Chiralcel AD-H column (250 x 4.6 mm, i.d.)
with a mixture of hexane and 2-propanol (95:5) at a flow rate of
1.2mL/min as the mobile phase, oven temperature was 28°C,
210 nm, tminor=14.91 Min, tmajor=11.82 min.

To a solution of (R)-N-Boc-3-benzyl-5-oxoisoxazolidine 7
(1.98 g, 7.1 mmol, 92% ee) in MeOH (50 mL) was added Pd/C (20%
w/w, 550mg). The reaction mixture was hydrogenated under
90 atm for 24 h. The reaction mixture was filtered through Celite
with ethyl acetate and concentrated to give (R)-N-Boc-B-benzyl-
B-amino acid 8 (1.96 g, 99% yield) as a white solid. [a]p?2+18.1° (c
1.0, CHCl3); 'H NMR (400 MHz, CDCl3): § 7.33-7.24 (m, 5H), 5.04-
4.97 (m, 1H), 2.98 (dd, 1H, J=8 Hz, 16 Hz), 2.87-2.84 (m, 2H), 2.62
(dd, 1H, J=4Hz, 16 Hz), 1.30 (s, 9H).
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