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R = aryl or alky| group

R'=CgHy, 4-MeOCgH4

An efficient and straightforward method for the preparation of highly enantiomerically enriched j,y-unsaturated a-amino acid derivatives by a
Lewis acid promoted diastereoselective Petasis reaction of vinylboronic acid, N-tert-butanesulfinamide, and glyoxylic acid has been developed.
The synthetic utilities of the approach were demonstrated by the rapid and convenient construction of challenging cyclopenta[c]proline

derivatives.

Optically pure nonproteinogenic amino acids are fasci-
nating in the field of biological and medicinal chemistry
and are also utilized as versatile building blocks in modern
organic synthesis and new drug discovery.! An interesting
class of these compounds is 3,y-unsaturated oi-amino acids
and their derivatives, which are important structural mo-
tifs present in many biologically active natural products
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and pharmaceutical compounds.” In the past decade, a
great number of methods have been developed to access
these valuable compounds.”*** Among them, the asym-
metric Petasis borono-Mannich reaction represents a
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powerful and most direct approach for the stereoselective
preparation of f,y-unsaturated o-amino acids.* To our
knowledge, despite the fact that the strategies involving
chiral amines,**! chiral boronate esters,™ and chiral
organocatalysts*” have been employed, the results are
far from satisfactory. Excellent stereoselectivities are only
obtained in some cases of using chiral amines such as
2-phenylglycinol* and o-methylbenzylamine;¥ however,
the hydrogenolytic conditions for removal of these N-
benzylic groups also reduce the olefin functionalities lead-
ing to the corresponding saturated derivatives. From this
point of view, a practical synthesis of f3,y-unsaturated a-
amino acids via asymmetric Petasis reaction with great
stereocontrol still remains a challenge.
N-tert-Butanesulfinamide has been proven to be a highly
efficient chiral auxiliary in the asymmetric synthesis
of various chiral amines by virtue of its excellent diaste-
reocontrol and easy cleavage under mild conditions.”®
In 2003, Naskar and co-workers reported the first use of
(S)-N-tert-butanesulfinamide in a Petasis reaction with
arylboronic acids to generate arylglycines, but the results
were disappointing, giving racemic diastereomers in low to
moderate yields.* In our earlier work,® we successfully
demonstrated the use of chiral N-fert-butanesulfinylimino
ester as a chiral glycine cation equivalent for the asymmetric
synthesis of synthetically uesful diverse amino acids such
as p-allylglycine,®¢ S-vinyl-a-arylalanines,® o-(3-indolyl)-
glycines,® a-allenylglycines,™ and a-arylglycines.®” Taking
into account these successes and the mechanistic proposal of
the Petasis reaction,*” we envisaged that the possibility of
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an asymmetric Petasis reaction of vinylboronic acids
with chiral N-tert-butanesulfinamide and glyoxylic acid
might be expected if a proper Lewis acid is presented in
the reaction system. The chelation of a Lewis acid with
a N-sulfinyl imine intermediate should direct the intra-
molecular transfer of a vinyl group in a highly stereo-
selective manner, thus leading to the optically active
B,y-unsaturated o-amino acid products. Interestingly,
during the course of our studies, a recent work disclosed
that a Petasis reaction of styrenylboronic acids and
glyoxylic acid with (S)-tert-butylsulfinamide can actu-
ally proceed with high stereoselectivities (10:1—20:1 dr)
under similar Naskar** conditions to further produce
optically active f3,y-dehydrohomoarylalanine deriva-
tives, but the reactions of alkenyl boronic acids all
showed a low degree of diastercoselectivity (85:15 and
89:11 dr).*¢ Herein, we report our efforts to develop an
efficient and convenient method for an asymmetric
Petasis reaction of vinylboronic acid, fert-butylsulfina-
mide, and glyoxylic acid using a Lewis acid mediated
coordination protocol. The method produces chiral
B,y-unsaturated o-amino acid derivatives with excellent
disatereoselectivities (96—99% de) under practical
conditions.

Table 1. Screening of Lewis Acids for Diastereoselective Petasis
Reaction”

N
SUBOH), + . 8o ﬁ\ﬂ/OH LA (10 mo 1%) HN™>S0
PR P2 H N0 K T CHCh Ph/\),\COOH
1a 2 3 4a
time yield de
entry catalyst (h) (%)° (%)
1 — 8 87 82
2 In(OTD)3 12 64 92
3 Yb(OTf)s 12 60 90
4 Zn(OTf)y 8 71 90
5 Cu(OTf), 8 70 93
6 Sc(OTh)3 12 61 93
7 InCl3 8 84 90
8 InBrg 12 51 98
9 InBrs 24 53 98
10 AgCOCF; 8 77 69
11 FeCls 24 43 97
12 FeBrg 24 42 96
13 FeCly 8 71 92

“The reaction was performed with 10 mol % of catalyst, (E)-
styrylboronic acid 1a (0.30 mmol), (R)-N-tert-butanesulfinamide 2
(0.25 mmol), and glyoxylic acid 3 (0.25 mmol) in dry CH,Cl, (1 mL)
at room temperature. * Isolated yield. ¢ The diastereoselectivity of the
product was determined by LC-MS analysis.

Our initial investigation commenced with the reaction
of (E)-styrylboronic acid 1a with (R)-N-tert-butanesulfi-
namide 2 and glyoxylic acid 3 in CH,Cl, at ambient
temperature (Table 1). In the absence of any Lewis acid
catalyst, the reaction can proceed well and afford the
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expected product in 87% yield and, surprisingly, with 82%
de, unlike in reported cases of arylboronic acids* (Table 1,
entry 1). Encouraged by this result, we attempted to
employ a Lewis acid as the catalyst to promote the
reaction. As expected, when the reaction was performed
in the presence of 10 mol % of In(OTf)s, a considerable
increase in product diastereomeric excess (92% de vs
82% de) was observed, but a slightly diminished yield
was also obtained simultaneously (Table 1, entry 2). To
achieve better results, a series of transition-metal-based
Lewis acids were carefully screened. As sumarized in
Table 1, the Lewis acid indeed plays an important role
in reaction stereocontrol. In almost all cases, increased
diastereoselectivities were attained, albeit with moder-
ate yields which are due to incomplete conversion.
With 10 mol % of InBrs, the reaction gave the desired
product4ain 51% yield with the best de of 98% after 12
h (entry 8). Prolonging the reaction time to 24 h did not
lead to an increased yield (53%, entry 9). Notably, an
equally high level of diastereocontrol (97% de) can be
achieved when rather cheap FeCl; was used as a Lewis
acid (entry 11).

Table 2. Optimization of the Reaction Conditions Using InBr;

as Catalyst”

o .S
2 BOH), + | Ss. « OoH __nBrs HN" 0
PN 27 HNTO HJ\[O]/ solvent, rt Ph/\/*‘k\COOH
1a 2 3 4a
time yield de
entry mol % solvent (h) (%)° (%)°
1 10 CH,Cly 12 51 98
2 10 toluene 24 43 97
3 10 THF 24 6 88
4 10 CI(CHy):Cl 12 53 96
5 10 HMPA 8 —d -
6 5 CH,Cly 8 71 95
7 20 CH,Cly 12 50 98
8° 10 CH,Cly 12 65 98
9 10 CH,Cl, 12 56 98

“The reaction was performed with (E)-styrylboronic acid 1a (0.30
mmol), (R)-N-tert-butanesulfinamide 2 (0.25 mmol), and glyoxylic acid
3 (0.25 mmol) in dry CH,Cl, (I mL) for 12 h at room temperature.
bTsolated yield. “The diastereoselectivity was determined by LC-MS
analysis. “No product. ¢ The reaction was conducted at 0.3 M. /The
reaction was conducted at 0.4 M.

Encouraged by these preliminary results, we decided to
further explore the study to improve the reaction yield. As
revealed in Table 2, the investigation of various solvents
suggested that the use of CH,Cl, was the best choice
(entries 1 and 5). With lower catalyst loading (5 mol %),
an increase in both the reaction rate and yield was ob-
served, but the diastereoselectivity dropped to 95% de
(entry 6). On the other hand, enhancing the loading
amount of InBr; to 20 mol % had little effect on the
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reaction yield and diastercomeric excess (entry 7).
Interestingly, the reaction yield was found to be sensitive
to concentration (entries 8—9).% When the reaction was
carried out at the concentration 0.3 M, 4a could be
isolated in an optimal yield of 65% without any loss in
diastereoselectivity (entry 8).

Table 3. Diastereoselective Petasis Reaction of Boronic Acids
with N-fert-Butanesulfinamide 2 and Glyoxylic Acid 3¢

\k

0 S
InBr3 (10 mol %) HN™ ™0
NUBOHE + . Sel s on 1nBrs (10 mol %)
RS TN HJHO( CHCl, it R™ " COOH
1 2 3 4
entry boronic acid 1 4 yield (%)°  de (%)°
N BOH)

1 1a, Ar=CsH, 4a 65 98

2 1b, Ar=4-MeC¢H, 4b 70 98

3 1c, Ar=4-MeOC¢H, 4c 71 99

4 1d, Ar=4-FCH, 4d 67 98

5 le, Ar=4-CICsH, 4e 69 98

6 1f, Ar = 3-CIC4H, 4f 67 98

7 lg, Al’ = 4'CF3C(,H4 4g 58 93

8 1h, Ar = 4-PhCeH, 4h 56 96

&
9 7 s(omy 4i 62 97
10 WB@HH 4 60 99
j
1 PR B 0H), 4K 57 98

1k

12 o 4 78 99
g
13 %B( 2 4m 60 9%

“The reaction was performed with boronic acid 1 (0.36 mmol),
(R)-N-tert-butanesulfinamide 2 (0.30 mmol), and glyoxylic acid 3
(0.30 mmol) in the presence of 10 mol % of InBr; in dry CH,Cl, (1 mL)
for 12 h at room temperature. ® Isolated yield. ¢ The diastereoselectivity was
determined by LC-MS analysis; see Supporting Information for details.

Having identified the optimal reaction conditions, we
sought to evaluate the scope and generality of the reaction.
As presented in Table 3, a wide range of vinylboronic
acids bearing different substituents were successfully re-
acted with glyoxylic acid and (R)-tert-butylsulfinamide
(Table 3), giving the corresponding f,y-unsaturated
a-amino acid products 4 with excellent diastereoselectiv-
ities (93—99% de) in all cases. Generally, (E)-styrylboronic
acids containing either electron-donating or -withdrawing
groups underwent the Petasis reaction in moderate to good
yields with high selectivities (entries 1—8). However, it is
likely that the para-CFj5 substituent on the phenyl ring of
the styrylboronic acid has little effect on the reaction
stereoselectivity (entry 7). Gratifyingly, when differently

(8) See Supporting Information for details.
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substituted linear substrate (E)-alkenyl boronic acids
were employed, the reactions also proceeded smoothly
and gave products 4i—k in 57%—62% yields with up
to 99% de (entries 9—11). Moreover, it is worth noting
that benzofuran-2-boronic acid (11) and benzothiophen-
2-boronic acid (1m) are also found to be suitable sub-
strates, as they exhibited high reactivity and led to the
formation of highly optically active a-(2-benzofuranyl)-
glycine 4l and a-(2-benzothiophenyl)glycine 4m (99%
and 96% de, respectively, entries 12 and 13). These results
are among the best in the asymmetric Petasis reaction of
vinylboronic acid.

To understand the stereochemical outcome of the reac-
tion, the chiral free a-styrylglycine was readily obtained by
removal of the N-sulfinyl group under acidic conditions.
Its absolute configuration was unambiguously determined
to be (R) by comparison of the optical rotation with that of
the known compound.**®

While the reactions are efficient to produce highly
optically active f3,y-unsaturated a-amino acid products,
we next turned our attention toward demonstrating
the synthetic utility of these compounds. As illustrated in
Scheme 1, treatment of the N-sulfinyl unsaturated amino
acid 4a with thionyl chloride in methanol followed by
concomitant esterification led to removal of the sulfinyl
group and gave methyl ester 5a. Subsequently, reduc-
tive amination of 5a with 3-phenyl-2-propynal or 3-(4-
methoxyphenyl)-2-propynal provided the key inter-
mediate 6a or 6b. Finally, under typical Pauson—Khand
reaction conditions, the corresponding cyclopenta-
[c]proline derivatives 7a and 7b were obtained in mod-
erate yields with high diastereoselectivities (96:4 dr
and >99:1 dr) and enantioselectivities. The stereochemistry
of 7a was determined by NOE experimentation. It has
been well-known that the cyclopenta[c]proline and its
derivatives, which contain a chiral bicyclic core structure
of 3-azabicyclo[3,3,0]octane, have attracted a great deal
of interest’ and should be useful as a highly tunable
chiral material.

Scheme 1. Synthetic Applicability of £,y-Unsaturated o-Amino

Acids
¥

RN R—=—CHO

/\i‘"\ O s0cl,/ MeOH /\/“{'2'*'0' NaBH,CN
_ T - —_—
Ph COOH og°C~rt 12h PH COOMe MeOH,0°C, 1h

60% and 57% for two steps

4a 5a for 6a and 6b

98% de

HN/\

1. Cox(COY, (2.0 equiv)

CHxClp, rt, 2 h
g R L2 . [6) NH
Ph COOMe 2. NMO (10.0 equiv) H
CH3CN, rt, 1h Ph COOMe

50% for 7a, 55% for 7b 7a R = CeHa)
(dr =96:4, ee = 96%)
7b (R = 4-MeOCgHg)
(dr = 99:1, ee = 98%)

6a (R = CgHy)
6b (R = 4-MeOCeH4)

Based on the observed diastereofacial selectivity and our
previous studies on metal chelation to N-sulfinyl imines, a
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possible working model was proposed (Figure 1). As
shown in Figure 1, imine nitrogen and carbonyl oxygen
of the quaternary boronate complex coordinated to a
Lewis acidic metal to form a five-membered ring chelation.
Since the uncoordinated N-sufinyl group adopts an ap-
proximately synperiplanar configuration,'” the styryl group
prefers to migrate from the Re face rather than the Si face
of the imine C=N bond because the latter is strongly
shielded by the bulky zert-butyl group, resulting in the R-
configured product.

3 ¥ <+ 4
& a i
075 M .& 0= -M

& P
[0} sli—"(:a/o
~

TS-1 (favored) TS-2 (disfavored)

Figure 1. Mechanistic proposals for stereocontrol.

In summary, we have developed an extremely mild
and practical approach for the asymmetric synthesis of
B,y-unsaturated a-amino acids through a Lewis acid pro-
moted highly diastereoselective Petasis borono-Mannich
three-component reaction of N-tert-butanesulfinamide
with glyoxylic acid and vinylboronic acid. The reaction is
general and efficient with respect to substrate scope and
stereocontrol. It provides straightforward access to var-
ious enantiomerically enriched f,y-unsaturated o-amino
acids (up to 99% de) that are widely useful in medicinal
chemistry and asymmetric synthesis. Further applica-
tions of the methodology are currently underway in our
laboratory.
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