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Abstract—A diastereoselective synthesis of pyrrolidine-derived arylglycines has been developed using the Petasis boronic acid
Mannich reaction. High diastereoselectivities in the reactions of chiral amines, aryl boronic acids, and glyoxylic acid monohydrate
have been demonstrated for the first time. Key to the implementation of this method is the discovery that hexafluoroisopropanol
accelerates the Petasis process, reducing reaction times from multiple days to less than 24 h.

© 2005 Elsevier Ltd. All rights reserved.

In the course of a recent drug discovery program, we
required a diastereoselective synthesis of pyrrolidine-
derived arylglycines of structure I.
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The Petasis boronic acid Mannich reaction! provides an
operationally simple route to arylglycines ideally suited
to variation of Ar and R. Diastereoselective Petasis reac-
tions of alkenyl boronic acids and chiral amines have
been reported? for the synthesis of a-amino acids. Peta-
sis and co-workers have also reported® high diastereose-
lectivity in the analogous synthesis of B-amino alcohols
from chiral o-hydroxy aldehydes and achiral amines.
However, the only reported attempt at stercoselective
arylglycine synthesis from chiral amines using these
methods proceeds with poor diastereoselectivity (Eq.
1).# Petasis and co-workers speculated that facile epi-
merization of the o-stereocenter might be responsible
for this result.>¢ In this letter we report the diastereose-
lective synthesis of arylglycines I via a Petasis boronic
acid Mannich reaction and document a significant accel-
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eration of this reaction upon addition of hexafluoroiso-
propanol as a co-solvent.
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Our initial investigations identified refluxing acetoni-
trile” as an optimal medium for reaction of cyclic sec-
ondary amines in the Petasis process. These conditions
provided useful yields and reasonable reaction times.
Further, we observed that the reaction of 2-methylpyr-
rolidine, phenyl boronic acid, and glyoxylic acid
monohydrate under these conditions and subsequent
esterification® provided methyl ester 1 in 65% yield with
a diastereomeric ratio of 83:17 (Scheme 1) favoring the
isomer shown (vide infra). Improved diastereoselectivity
was realized by lowering the reaction temperature to
25 °C, resulting in a diastereomeric ratio of 94:6 (Table
1, entry 1). However, long reaction times (ca. 1 week)
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Scheme 1.
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Table 1. Effect of solvent on the reaction rate and the diastereoselectivity

0]
solvent TMSCHN, N
— MeOJ\:/ Q
Ph

o)
Ho ROz N
HO +Ph o+
0] Me

Me
rac-1

Entry Solvent Time (days) Diastereomeric ratio® Isolated yieldb (%)
1 CH;CN 8 94:6 64

2 CH,Cl, 6 >95:5 80

3 Toluene 6 93:7 53

4 C,H;OH 6 93.7 53

5 CF;CH,0OH 6 >95:5 78

6 (CF3),CHOH 6 — 26% conv.®

7 CH,CI,-HFIP 90:10 1 >95:5 80

2 Determined by '"H NMR of the unpurified reaction mixture.
®Isolated yield of the major diastereomer unless otherwise noted.
¢ Conversion estimated by LC/MS of the reaction mixture.

proved to be a major limitation of room temperature
processes. Examination of several solvents indicated
that CH,Cl, provided slightly shorter reaction times
and higher conversion than other aprotic solvents.
Among the protic solvents examined, the more acidic
CF;CH,O0H provided better conversion than C,HsOH;
however, use of the even more acidic (CF3),CHOH
(HFIP) resulted in a much slower reaction (entry 6).
We speculated that the fluorinated alcohols might in-
deed be promoting the desired reaction but exhibiting
undesirable solvent effects. We were thus gratified to find
that use of HFIP as an additive in CH,Cl, solution dra-
matically accelerated the reaction®!'® while preserving

Table 2. Effect of HFIP on reaction rate

B(OH), N

HO R
H H solvent 2
- ~ —
HO + * R Rz 1t
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Entry HNR,R, Time (h) % Conversion®

CH,ClL,-HFIP®*  CH,Cl,

H
N
1 { 7 20 86 25

H
3 <\> 20 59 42
H
4 N 92 26 0
Me Me
NH

#Determined by LC/MS of the reaction mixture.
® CH,Cl,-HFIP (90:10, v/v).

yield and stereoselectivity.!! This phenomenon appears
to be general for a variety of cyclic and acyclic amines
(Table 2).

The scope of this diastereoselective process with regard
to aryl boronic acids was examined using the improved
reaction conditions (Table 3). In general, both electron-
rich and sterically hindered aryl boronic acids provided
good yields and diastereoselectivities (Table 3, products
1, 2, 3, and 6), whereas electron-deficient aryl boronic
acids such as 3-cyanophenyl boronic acid did not react
under the same conditions. 3-Fluorophenyl and 4-fluoro-
phenyl boronic acids provided good yields and good
diastereoselectivities. A difference in both reactivity
and diastereoselectivity was observed for 2- and 3-thio-
phene boronic acids (Table 3, products 8 and 9).

The scope of the reaction with regard to the amine com-
ponent was also explored. Table 4 summarizes the
results from reactions of different amines with phenyl
boronic acid and glyoxylic acid monohydrate. 2-Substi-
tuted pyrrolidines underwent reaction with excellent dia-
stereoselectivities and good yields (Table 4, products 1,
10, 11, 12). When 2,6-dimethylpyrrolidine was used as
the amine component, it failed to react (Table 4, 13).
Similar behavior was also observed in the case of 2-
methylpiperidine. The lower basicity!? of piperidine in
comparison to pyrrolidine along with greater steric con-
gestion may render it inert under these conditions. No
diastereoselectivity was observed in reactions of 3-
substituted pyrrolidines (Table 4, 15). It should be noted
that the reaction in Eq. 1 was also accelerated under
these conditions but did not show any improvement in
diastereoselectivity.'>14

To establish the relative stereochemistry between the
two chiral centers in these arylglycines, a single crystal
X-ray structure of 11a-HCI was obtained.!® The crystal
structure'® (Fig. 1) shows the relative stereochemistry
between the two chiral centers as R and S. The observed
diastereoselectivity is consistent with addition of the aryl
group to an intermediate iminium ion, where approach
of the aryl group occurs from the face opposite the
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Table 3. Reactions of 2-methylpyrrolidine and glyoxylic acid mono-
hydrate with different aryl boronic acids

(@] B(OH) CHZC|2 O
2 10% HFIP TMSCHN, N
|
HOJ\”/ H Ar +HNQ — MeOJ\/
o} Me '

r.

Ester Ar-B(OH), Time Diastereo- Isolated
product (h) meric ratio®  yield® (%)
B(OH),
rac-1 22 >95:5 80
B(OH),
rac-2 24 >95:5 91¢
Me

(OH),

rac-3 20 94:6 93

T,

MeO
B(OH)»

rac-4 C} 24 95:5 &3
F

B(OH),
rac-5 22 95:5 71
F
B(OH),
rac-6 F@ 17 87:13 8gd
BnO
B(OH),

rac-7 22 — No
NC reaction

rac-8 Q/B(OHM 7 57:43 59°

rac-9 s®/5<OH)2 7 91:9 704

#Determined by 1H NMR of the unpurified reaction mixture.
®Isolated yield of the major diastereomer unless otherwise noted.
€dr > 95:5 in the isolated material.

ddr = 86:14 in the isolated material.

€dr = 56:44 in the isolated material.

pyrrolidine 2-substituent. A graphical representation
invoking the mechanism proposed by Hansen and
co-workers is shown in Figure 2.!7

In summary, a diastereoselective synthesis of pyrrol-
idine-derived arylglycines has been achieved via an
accelerated Petasis boronic acid Mannich reaction.
The use of HFIP as a co-solvent dramatically reduces
reaction times, and this protocol may find application
in other instances of the widely used Petasis synthesis.

Typical reaction procedure: To a suspension of glyoxylic
acid monohydrate (89 mg, 0.968 mmol) in 4.5 mL of
CH,Cl, and 0.5 mL of hexafluoroisopropanol (HFIP)
was added 2-methylpyrrolidine (82 mg, 0.968 mmol)

Table 4. Reactions of phenyl boronic acid and glyoxylic acid mono-
hydrate with different amines

R
o B(OH), CH,Cl, Q "\11
H N 10% HFIP TVSCHN, MeO "Ry
HO * TR TR Ty
(0]
Ester HNR; R, Time Diastereo- Isolated
product (h) meric ratio®  yield® (%)
N
rac-1 UMQ 22 >95:5 80
H Me
rac-10 N 19 >95:5 90
Me
N
rac-11 Q/Ph 7 >95:5 96

H
(S)-12 N 24 >95:5 85
T ome

H
13 Me,,,C?,Me 24 — No reaction

N

14 U
H
N

rac-15 24 50:50 80°

No reaction

NHBoc

2 Determined by '"H NMR of the unpurified reaction mixture.
®Isolated yield of the major diastereomer unless otherwise noted.
©dr = 57:43 in the isolated material.
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Figure 1. ORTEP representation of rac-11a-HCI. Non-hydrogen
atoms are represented by ellipsoids corresponding to 50% probability.

Figure 2. Aryl group approach from the face opposite the pyrrolidine
2-substituent.
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followed by phenyl boronic acid (118 mg, 0.968 mmol).
The reaction mixture was stirred for 22h at room
temperature and then concentrated. To a solution of
this crude amino acid in a mixture of MeOH (2 mL)
and CH,Cl, (4 mL) was added TMS-diazomethane
(2 mmol, 2 M in hexane) solution dropwise. The reac-
tion mixture was stirred at room temperature for 2 h
and concentrated, then purified by flash chromatogra-
phy using a linear gradient of 3-30% EtOAc in hexanes.
Product 1 was obtained as a colorless, viscous oil
(181 mg, 80%).
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