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ABSTRACT
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CFs

o

Boc OH
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Catalytic asymmetric deprotonation-aldehyde trapping-ring expansion from a 5- to a 6-ring delivers a concise route to each stereoisomer of
p-hydroxy piperidines starting from N-Boc pyrrolidine. The methodology is utilized in a 5-step catalytic asymmetric synthesis of the neorokinin-1

receptor antagonist, (+)-L-733,060.

Chiral piperidines are widespread in natural products and are
common subunits in pharmaceutical lead compounds. One
important class of biologicaly active piperidine contains the
S-hydroxy piperidine motif. Selected examples are (—)-swain-
sonine, an inhibitor of lysosomal o-mannosidase and mannosi-
dase Il and a potential anticancer drug,* (+)-febrifugine, an
antimalarial agent,® and (+)-L-733,060, a potent and selec-
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birthday.
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tive neuronkinin-1 substance P receptor antagonist® (Figure
1). Although the synthesis of these 3-hydroxy piperidines has
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(—)-Swainsonine (+)-Febrifugine (+)-L-733,060

Figure 1. Biologicaly active 3-hydroxy piperidines.

atracted recent attention,*® many of the synthetic approaches
are lengthy and not sufficiently flexible to allow stereose-
lective access to the different enantiomeric and diastereo-
meric structures required. To address this, we have devel oped
anew and general strategy for the stereoselective synthesis
of each stereoisomer of chira S-hydroxy piperidines.
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Our approach to S-hydroxy piperidines 4 (Scheme 1)
comprisestwo key steps. (i) catalytic asymmetric deprotonation
of N-Boc pyrrolidine 1 using s-BuLi and substoichiometric
amounts of (—)-sparteine (in the presence of a stoichiometric
achira additive) and subsequent trapping with an aldehyde to
give amino acohols 2; (ii) ring expansion of amino alcohols 2
to the corresponding -hydroxy piperidines 4 viaformation and
ring-opening of an intermediate aziridinium ion 3 (R? =
akyl).” ® Scheme 1 depicts the synthesis of p-hydroxy
piperidines 4 with (253S) stereochemistry; other stereoiso-
mers of 4 would be available by changing the chiral ligand
(e.g., to a (+)-sparteine surrogate'®) and/or the diastereose-
lectivity of the addition to the aldehyde. In this paper, we
report a new method for the catalytic asymmetric deproto-
nation step using a commercially available achiral additive,
implementation of the deprotonation-trapping-ring expansion
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strategy for the synthesis of S-hydroxy piperidines 4 and a
transmetalation approach to allow selective access to each
diastereomer. Ultimately, we exemplify our methodology
with a five-step catalytic asymmetric synthesis of (+)-L-
733,060, which is half the length of the previous syntheses.®

We have previoudly reported a catalytic asymmetric protocol
for the Besk-style** deprotonation of N-Boc pyrrolidine 1 using
s-BuLi in tandem with 0.1—0.3 equiv of (—)-sparteine.*? The
approach is only successful if a stoichiometric amount of an
additive is included to recycle and turnover the (—)-sparteine.
The optimum additive, abis-i-Pr-bispidine, is not commercidly
available and cannot be separated from the chiral ligand after
use (thus precluding reuse of the chird ligand). To addressthese
two important limitations, we screened arange of commercidly
avallable additives and ultimately discovered that lithiated
dimethylaminoethanol (LiDMAE™) worked well. Thus, lithia-
tion of N-Boc pyrrolidine 1 using 1.6 equiv of s-BuL.i, 0.3 equiv
of (—)-sparteine and 1.3 equiv of LIDMAE (formed in situ by
lithiation of DMAE using an extra equivalent of s-BuLi) and
subsequent reaction with Me;SICl delivered a 66% yield of
adduct (S-5 of 88:12 er (Scheme 2). Notably, the (—)-sparteine

Scheme 2
1. 1.6 equiv SBuLi
0.3 equiv (-)-sp
[ \ 1.3 equiv additive ,
N Et,0,-78°C, 4 h N" ~SiMes
Boc 2. MegSiCl Boc
1 (S)5
Additives:
LiDMAE
H
MeoN OLi EtOLi MeoN OMe

66%, 88:12 er  33%, 90:10 er 74%, 50:50 er

can be easily separated from the DMAE since the DMAE can
be extracted into NaOH 4. * This means that the chiral ligand
can be recovered and reused.

We verified that it is necessary to have both the lithium
alkoxide and the dimethlyamino group in the additive: use of
lithium ethoxide gave (9-5in 90:10 er but in only 33% yield,
indicating that there was no turnover of (—)-sparteine and use
of N,N-dimethyl-2-methoxyethylamine gave rac-5 (74% yield),
reflecting afast background deprotonation by the s-BuLi/amino
ether complex (Scheme 2). Next, with a view to optimizing
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Figure 2. Chiral diamines.

the catalytic deprotonation conditions, we varied the stoichi-
ometry of the chiral ligand/LiDMAE and investigated the use
of other chird ligands ((—)-sparteine surrogate 6™ and (+)-
sparteine surrogate 7,'° Figure 2) (Table 1 and Scheme 2).

Table 1. Optimisation of the Catalytic Asymmetric
Deprotonation Using Lithiated Dimethylaminoethanol
(LIiDMAE) for the Conversion of N-Boc Pyrrolidine 1 into
Adduct (9- or (R)-5

equiv®  equiv chiral equiv® yield er?
entry  s-Buli ligand Li DMAE (%) S:R
1 1.3 0 1.3 4
2 2.6 1.3, (—)-sp 1.3 62 98:2
3 1.6 0.3, (—)-sp 1.3 66 88:12
4 1.6 0.3,6 1.3 60 93:7
5 1.6 0.3,7 1.3 70 11:89
6 1.4 0.2, (—)-sp 1.2 53 88:12
7 14 0.2,7 1.2 74 13:87
8 1.3 0.1, (—)-sp 1.2 58 88:12
9 1.3 0.1,7 1.2 43 2:98
10 1.25 0.05, (—)-sp 1.2 36 77:23
11 1.3 0.3, (—)-sp 1.0 58 97:3
12 1.3 0.3,7 1.0 74 8:92

@ Amount of s-BuLi available after formation of LIDMAE. ® Amount
of LIDMAE formed by premixing DMAE and s-BuL.i. ¢ Yield of adduct 5
after purification by column chromatography.  Er determined using chiral
GC.

Firgt, we showed that there was no appreciable background
deprotonation of N-Boc pyrrolidine 1 usng s-BuLi in the
presence of LIDMAE: a4% yield of rac-5 was obtained (entry
1). We dso showed that lithiation using s-BuL.i/(—)-sparteine
and stoichiometric LIDMAE gave adduct (S-5 in high enan-
tiosdlectivity (62% yield, 98:2 er, entry 2). Use of 0.3, 0.2, or
0.1 equiv of (—)-sparteine al gave 88:12 er (entries 3, 6 and 8)
but use of 0.05 equiv of (—)-sparteine led to poor turnover (36%
yield) and lower enantiosdlectivity (77:23 er) (entry 10). Using
0.3 equiv of (—)-sparteine surrogate 6 worked especialy well:
(9-5 of 93:7 er was produced in 70% yield (entry 4). The
opposite enantiomeric series could be accessed with smilar
enantioselectivity (87:13—92:8 er) using the (+)-sparteine
surrogate 7 (entries 5, 7 and 9). Findly, our optimum lithiation
conditions involved using 1.3 equiv of s-BuLi, 0.3 equiv of
chiral ligand and 1.0 equiv of LIDMAE: use of (—)-sparteine
gave (9-5in 97:3 e (entry 11) whereas use of (+)-sparteine

(15) Stead, D.; O'Brien, P.; Sanderson, A. Org. Lett. 2008, 10, 1409.
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surrogate 7 gave (R)-5 in 92:8 er (entry 12). We believe that
the success of the catalytic asymmetric deprotonation using
LiDMAE results from a negligible background rate of depro-
tonation by s-BuLi/LiDMAE (entry 1) and a ligand exchange
process (where the LIDMAE can displace the chird ligand from
the lithiated N-Boc pyrrolidine to alow recycling of the chiral
ligand).

With an efficient catalytic asymmetric deprotonation protocol
in place, our attention then focused on the stereoselectivity of
the addition of the organolithium to the adehyde® and
subsequent ring expansion to the piperidines. Our intention was
to identify a smple way of accessng each diastereomeric
hydroxy piperidine and, for the initia studies, we used sto-
ichiometric s-BuLi and (—)-sparteine for the deprotonation of
N-Boc pyrrolidine 1. Direct trapping of the lithiated N-Boc
pyrrolidine with benzaldehyde was syn-selective, delivering a
75:25 mixture of acohols syn- and anti-8 from which the major
diastereomer, syn-8 (95:5 er), was obtained in 74% yield after
chromatography (Scheme 3). The relative stereochemistry was
assigned by X-ray crystallography of alcohol anti-8.*

Scheme 3
syn-selective 1. 1.3 equiv SBuLi H
Y 1.3 equiv (-)-sp N Ph "
| Eyo,78°c.an 1 L v ant
{ '} 2 PhCHO oc . 25%, 97:3 er
N symanti 75:25 Syn-
: 74%, 95:5 er
Boc
1 1. 1.3 equiv SBulLi
| 1.3 equiv (-)-sp H -
Et,0,-78°C,3h N 3 + osyn-8
anti-selective 2. MgBr, (- 0 °C) Boc O 17%, 97:3 er
3. PhCHO anti-8 (+1,22%)

antisyn 70:30 56%, 96:4 er

We reasoned that different stereosdlectivity could be obtained
using other metalated N-Boc pyrrolidines. Indeed, transmeta
lation of lithiated N-Boc pyrrolidine to the corresponding
Grignard reagent using MgBr,'®%° and then addition to
benzaldehyde gave a reversal in stereoselectivity: a 70:30
mixture of anti- and syn-8 was formed. In this way, alcohol
anti-8 (96:4 er) was obtained in 56% yield (Scheme 3). It is
notable that there is no loss of er during the transmetal ation
of Li to Mg despite the fact that the reaction mixture was
stirred at 0 °C for 30 min. Clearly, the Grignard reagent has
a significantly higher barrier to enantiomerization than the
corresponding organolithium reagent.2°%*

Although the ring expansion of a 2-chloromethylpyrrolidine
to a 3-chloropiperidine was first described by Fuson and Zirkle

(16) We are aware of only one example of the addition of a lithiated
N-Boc pyrrolidine to an aldehyde: Magewski, M.; Shao, J.; Nelson, K.;
Nowak, P.; Irvine, N. M. Tetrahedron Lett. 1998, 39, 6787.

(17) CCDC 696161 (anti-8) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre at http://www.ccdc.cam.ac.uk/
data_request/cif.

(18) Kise, N.; Urai, T.; Yoshida, J.-i. Tetrahedron: Asymmetry 1998, 9,
3125.

(19) Zhang, P.; Gawley, R. E. Tetrahedron Lett. 1992, 33, 2945.

(20) Basu, A.; Thayumanavan, S. Angew. Chem.,, Int. Ed. 2002, 41, 716.

1937



in 1948, it was not until 1995 that Cossy reported a useful
method for converting 2-hydroxymethyl pyrrolidines into 5-hy-
droxy piperidines;® subsequently, arange of synthetic applica-
tions have appeared.*®® Such aring expansion is only possible
if the nitrogen lone pair is available to participate in
aziridinium ion formation. As a result, we needed to
transform the N-Boc group into an N-alkyl substituent. This
was readily achieved by treating alcohols syn-8 and anti-8
with TFA and then benzyl bromide to give syn-9 and anti-9
(Scheme 4). Cossy’s conditions for ring expansion

Scheme 4

1. TFA, CHoCl, H 1. (CF3CO0)0, THF ~OH

rt, 20 h, 77% Ph EtsN, reflux, 48 h O

syn-8 N _—

2.K,C03,BnBr 1 A 2 NaOH(q N” "Ph

MeCN,rt,6h BN . Bn

o 84%
86% syn-9 syn-10

1. TFA, CHoCly 1. (CF3C0)20, THF OH
EtsN, reflux, 48 h

t, 20 h, 86% H
. Ph
anti-8 .

2. K;COg, BnBr N (?)H 2. NaOHyq N” “Ph
MeCN, t,6h BN 96 Bn

{~}
68% anti-9 anti-10

((CF3C0)0, THF, Et3N, reflux, 48 h and then base-mediated
ester hydrolysis) were successful with both syn- and anti-9
giving piperidines syn-10 (84% vyield) and anti-10 (96%
yield) respectively (Scheme 4). The high yield obtained for
both of these reactionsis notable since it has previously been
reported that the N-Me version of syn-9 did not undergo the
ring expansion.®

Findly, to validate the synthetic utility of the deprotonation-
trapping-ring expansion methodology, we chose (+)-L-733,060
asasuitable target since it has important biologica activity and
previous syntheses are >10 steps.® First, we carried out the
catadytic asymmetric deprotonation of N-Boc pyrrolidine 1 using
the optimized conditions (1.3 equiv of s-BuLi, 0.3 equiv of (—)-
sparteine and 1.0 equiv of LIDMAE) and then trapped the
organolithium reagent with benzal dehyde. The stereosdlectivity
(syn:anti = 75:25) was the same as the stoichiometric version
and, after chromatography, alcohol syn-8 of 90:10 er was
obtained in 64% yield; alcohol anti-8 (25% yield, 89:11 er)
was aso isolated (Scheme 5).

Alcohal syn-8 was converted into N-alylated acohol syn-
11 (58% yield) via Boc deprotection and allylation (Scheme 5)
since we needed an N-alkyl protecting group that could be
cleaved in the presence of the benzylic ether present in (+)-
L-733,060. Then, acohol syn-11 was ring-expanded (using
(CF3C0O),0 and subsequent base-mediated ester hydrolysis) to
piperidine syn-14 (83% vyield). The remaning two steps
proceeded uneventfully and in high yield. O-Benzylation of syn-
12 was achieved by NaH deprotonation and alkylation with

(21) For a similar effect with O-akyl carbamates, see: Tomooka, K.;
Shimizu, H.; Nakai, T. J. Organomet. Chem. 2001, 624, 364.
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Scheme 5

1. 1.3 equiv *BulLi

0.3 equiv (—)-sp 1. TFA, CHxCly
1.0 iv Li H rt, 16 h
.0 equiv LIDMAE Ph s
N Et,0,-78°C, 4 h N 2. KoCOs, AllylBr
BoC 5 phcHo Boc OH  MeCN, 1,6 h
1 sym.anti syn-8 o
76:25 64%, 90:10 er 58%
+ anti-8, 25%, 89:11 er
1. (CF3C0),0
H EtsN, THF wOH 4 NaH, THF
Ph reflux, 72 h 0 °C, 30 min
N B ———— N ’«Ph —CF>
v OH 2. NaOH(,q) \) 2. 3
x 13 98%
syn-11 83% syn-12
Br.
CFs CFs

ﬁ j\ Pd(PPhg)s, CHyCly
CFs 1, 24 h, dark
.0 CF3
.0

(+)-L-733,060
99%, 90:10 er

__________________________

\
1
|

4

__________________________

functiondized benzyl bromide 13. Findly, treatment of syn-14
with Pd(0) and N,N’-dimethylbarbituric acid led to smooth
N-dedllylation to give (+)-L-733,060 of 90:10 er (by chiral shift
NMR spectroscopy in the presence of (R)-2,2,2-trifluoro-1-(9-
anthryl)ethanol) which exhibited [a]p +55.0 (¢ 1.0 in CHCI5)
[lit..% [a]p +73.9 (c 0.64 in CHCI3)]. Our synthesis of (+)-
L-733,060 is five steps and proceeds in 30% overdl yield,
making it the shortest synthesis to date.

In summary, we report anew two-ligand cataytic asymmetric
deprotonation of N-Boc pyrrolidine 1 utilizing a stoichiometric
additive that is commercially available and can be separated
from the chira ligand. This protocol is combined with adehyde
trapping and pyrrolidine — piperidine ring expansion to
selectively deliver chiral S-hydroxy piperidines such as syn-10
or anti-10 in just four steps. Either enantiomer of these
compounds can be accessed using (—)-sparteine or (+)-sparteine
surrogate 7 in the deprotonation step. The methodology provides
a concise entry to S-hydroxy piperidines as illustrated with a
five-step synthesis of (+)-L-733,060.
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