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Mannich-type Reactions of Cyclic Nitrones: Effective Methods for

the Enantioselective Synthesis of Piperidine-contaiging Alkaloids

*[a]

Vladislav G. Lisnyak, Tessa Lynch-Colameta, and Scott A. Snyder

clic, are indeed effective
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hen chiral thioureas are
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hiral centers leading to
thesis of 2,6-disubstituted

Abstract: Although there are dozens of biologically active 2-  show that nitrones, both cyclic
substituted and 2,6-disubstituted piperidines, only a limited number  substrates for Mannich-
of approaches exist for their synthesis. Herein is described two  upon dissolution, as
Mannich-type additions to nitrones, one using B-ketoacids under  appropriate promo
catalyst-free conditions and another using methyl ketones in the used as catalysts
presence of chiral thioureas, which can generate a broad array of  with good to ex
such 2-substituted materials, as well as other ring variants, in the  foundational
form of B-N-hydroxy-aminoketones. Both processes have broad the rapid and
scope, with the latter providing products with high enantioselectivity =~ natural product
(up to 98%). The combination of these methods, along with other
critical steps, has enabled 8-step total syntheses of the 2,6-

disubstituted piperidine alkaloids (~)-lobeline and (-)-sedinone. OH
N
Me
Although piperidine rings are a ubiquitous structural feature 1: R = H, fa-norsedamine 3: R = Ph, (-)-lobeline
of alkaloid-based natural products and pharmaceuticals, equally 2R =W)—Sedamine 4. R = Me, (-)-sedinone
common is their possession of 2- or 2,6-substitution patterning Ph., H

8 HO

that includes a p-carbonyl and/or alcohol functionality.
Molecules such as those drawn in Scheme 1 (1-7) are
representative examples isolated from a diverse array of pla
and insects.”? Biosynthetically, these side-chains are believ
arise via Mannich-type additions of carbonyl-dérived
nucleophiles onto piperidine-derived iminium intermedigtes.®"*! E
Scheme 1 provides two approaches that can pro 5: porantheridine  6: (+)-homocrepidine A 7: chilocorine C

ey precedent: _Proli

to effect direct Mannich-type reactions between i o ”?Eﬁ’};geﬂgo. %)
varied ketones 9 (primarily methyl) to produce a fj . Hk 7."3%’\33?,50 Ry— 9

. —_—
type 10, noting that only one example where \N/ & Rz 2) Boc,0, EtN N R,
described.” The second utilizes a chiral copper 3 (14-82% yield) Boc Rq

. . . 3 8 9 (16-97% e€) 10 [one case where

Brgnsted base pair to catalyze a stepwise ring-openi Ry is not H]

addition/dehydration cascade followed by a stereodefining az

CuOt-Bu/L* ( (0]
Michael reaction®® starting from cyclic hemiaminal 11 and mgthyl "

LR o C_\ R
™ (10 mol %) L
N/\"'”OH + )]\RZ —_— N/\)LR

H>0 (10 mol %)
MT éoc

. BE
these methods only work effectively, 1[n=123] 12 (52-99%/yield) 13[n =123
(84-98% ee)

2

materials can be step intensive, particula This work:
N n( R [Mannich-type a2 R, ©
piperidines and related azacygles. As such, (D ! R o o reaction ! 3\1)]\
. N — N
whether a complementary, an on HO)J\/U\R2 no catalyst N Ro
could be developed utilizi | 09 [-CO] OH
X 14[n=1,2,3] 15 16 [n =1,2,3]
surrogate. That conj
species are readily pre i X o [Mannich-type X 0
corresponding secondary i i R1_\®/j . /lL __ reaction] R1( j\
mild),” are reasonably sta N R2 thiourea N R
) ' y 0o catalyst, BzOH OH
form exclusivel 17 12 18

documented to ; ucleophiles."” Herein, we

Scheme 1. Selected piperidine-containing natural products, precedent for
enantioselective functionalizations to generate such heterocycles, and two
unique approaches based on using nitrones.

[a]

L, 60637 (USA) As shown in Scheme 1, we began our investigations by

E-mail: sasnyder@uchicago.edu exploring whether cyclic nitrones of type 14 could provide an
Supporting information for this article is given via a link at the end of alternative to the well-established decarboxylative Mannich-type
the document. reaction between cyclic imines and B-ketoacids (i.e. the Schopf
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reaction).""! Given that this imine variant is known to be slow,
low-yielding, and pH-dependent with side reactions often
observed,"""? we anticipated that an alternative and broadly
effective variant, even in racemic format, could be of value.
Pleasingly, we found that 14 and 15 could readily merge, without

any added catalyst,""® simply upon stirring in CH,Cl, at 23 °C.

Table 1. Exploration of substrate scope with various nitrones (14) and B-
ketoacids (15).7!

nli— CH.Cly (1.0M), o
LR o 9 23°C,16h fm
) HO R, -ICO N Ry
OH
14[n=12,3] 16 [n =1,2,3]
o]
| ~ >&)
|
OH =
19
[90% [84% [50%
[80%]!
o] o) o)
s
N N L i
OH OH
22 23
[66%] [87%]
o)
Bn.. o
N
OH N Ph
25 OH 26

[61%)] [77%, 2 1 drdl

[a] Reactions were performed with 14 (0.50 mmol) and 15 (0.76 m
[b] 2 h reaction time; [c] performed in MeOH; [d] 1.5 equiv of 14
of 15.

Table 1 provides the products synthesize
no further optimization was performed from our ini
hit given the generally smooth and high yielding outcom
90%); the one exception was product 26, obtained in 34% yie
from a conjugated starting material. Of note, nitrones of diffgrent
ring sizes and acyclic systems (which
worked well with several p-ketoacids;

ketoacid to form 27 (77% yiel
use the reaction for late-stag

We next perform
transformations could
Unfortunately, all efforts

when nitrone 28 was
of acetone (29) in CH.CI; in the
20 mol %), 31 was formed in 60%
red after derivatization of the
hydroxylamine, ing Information). However,
subsequent exploration of the more challenging, and arguably
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more useful from the standpoint of complex molecule
synthesis,?? reaction with acetophenone (32) proved to be rather
poor under these conditions (7% 12% ee). As a result, all
further optimizations were performe one 32.

Table 2. Exploration of varied catalysts to achie jve addition of

acetophenone (32) to nitrone 28

Initial hit:
@ .
hf CH,Cl, (1.0
23°C, 40h
O@ 0, 3 0
28 [60%, 54% e 51

oW

NH,

<:>‘cozH
H

N~

30 34 35
[7%, 12%, [10%, -86% ee] [25%, 80% ee]

without added®BzOH.

e quickly found that chiral primary amine catalysts such as
35 could dramatically enhance ee (80-86%), albeit with
eld improvement (10-25%). Inspired by reports from both
reiner”™ and Takemoto”! showing that thiourea-based
drogen bonding catalysts'® can increase the rate of both
[3+2]-cycloadditions and nucleophilic additions to nitrones, we
then tested bifunctional catalyst 36.'" Pleasingly, it provided a
further increase in enantioselectivity (90% ee), but still with no
improvement in yield (26%). Interestingly, the analogous
squaramide 37%% performed worse (20% yield, 65% ee).
Ultimately, varying the thiourea side-chain resulted in a
significant increase in both parameters, with Jacobsen catalyst
382" affording 33%? in 45% yield and 88% ee. Further screening
with this promoter (see Sl) showed that when the loading of the
catalyst and benzoic acid additive were increased to 20 mol %
and 40 mol %, respectively, the desired product was obtained in
84% yield and 90% ee (Table 3).

As presented in the remainder of Table 3, use of these
optimized conditions with a range of 6-membered cyclic
nitrones® bearing varied substituents at the 2-, 3-, and 4-
positions afforded products 40—-43 in good yields and up to 98%
ee. Of particular note, a “heterocyclic’ nitrone®” also reacted
successfully to afford an effective synthesis of 44. As denoted in
Table 4, different electron-rich and -deficient acetophenones
were also tested with nitrone 28 to afford 46-51 in good to
moderate yields (54—70%) and high enantioselectivity (86—93%
ee). Pleasingly, these same conditions were readily extended to

This article is protected by copyright. All rights reserved.
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alkyl methyl ketones to generate 31 and 52-59, similarly in good
to moderate yields (51-90%) and high enantioselectivity (94—
96% ee).? Of note, while additional substitution at the ketone a-
position did decrease yield in some cases, the enantioselectivity
remained high with excellent regiocontrol using a range of
unique substituents, including fluorine and methoxy groups. The
formation of 58, in fact, is in contrast to the preferential product
generated under enamine catalysis,?'®* highlighting an
element of complementarity.

[a]

Table 3. Exploration of nitrone scope using 32 under optimized conditions.

38 (20 mol % (X 0
BzOH (40 mol A,) R(
CHZCIZ (1.0 M), l}l
23°C, time OH
39
O (e} %\/‘O
OH OH OH %
33 40 41
[40 h] [24 h] [72 h]

[84%, 90% ee] [72%, 93% ee] [48%, 97% ee]

o0 MeO
0o MeO 0o [ j\)
; ; 0
OH 42 OH 43
[48 h] [24 h] [24 h]

[80%, 98% ee] [66%, 93% ee] [73%, 88% ee]

[a] Reactions were performed with 17 (0.5 mmol) and 32 (1.5 mmol) in air.

Equally critical, although the oxidation state of tl
is higher than that found in most natural targets,
materials produced using iminium inter
hydroxylamine moiety serves to protect

following 20 h of standing in MeOH at 23 °C. When sto
at —20 °C, all products sampled (31, 33, 46, 50, and 51) w

(47-49). Moreover, unlike the pare
normally require an additional Boc-

accomplish total synthes
(-)-sedinone (4). While t
numerous times,? the most
Ingelheim, Bir
took advantage
non-symmetric (—)-

) and
been prepared

active f nthesis from (-)-norsedamine (1).F”
Our first unified solution capable of
accessing erous analogs, given the known
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therapeutic value of 3 as a potent antagonist at nicotinic
acetylcholine receptors.?*"

rts commenced with
r the preparation

As noted in Scheme 2, tho
application of the developed catalytic pr
of 33, previously conducted on 0.5 mm
gram quantities in a single
on 10 mmol scale (84% to
change (90% ee). Next, a syn-
using Zn(BH4)2"? to dej

ped slightly
nantioselectivity did not
ion of 33 was achieved
ol as a 9:1 mixture
r, with subsequent
0 in 67% yield over two
in enantiomeric excess

silylation (TBSOTH,
steps without sig
(89% ee).
diffraction, co

38 (20 mol %
@ 9 B (40 ol Ye) (j\/ﬁ
e 4’
N )LR CH,Cl, (1.0 M), N R

23°C, 40h OH

(0] (0]
N | A N | ~
| |
OH = OH =
47 CF3 48 NO

[61%, 90% ee]l®! [61%, 90% ee]®!

o) )
N | A N | B O>
| |
OH OH
Br 50 7 “OMe 51 % O

[65%, 92% ee] [66%, 93% ee]
52

[90% 96% eel

31
[76%, 95% ee]!

SSven

|
OH 54
[80%, 96% ee]

[se% 95% ee]

° o L o
N N
OH 55 OH 56

[61%, 94% ee] [561%, 95% ee]ll

OH OH OH

57 58 59
[75%, 95% ee]lc] [77%, 5.4:1 )4l [86%, 96% ee]l

[65%, 94% ee]cllel

[a] Reactions were performed with 28 (0.5 mmol) and 12 (1.5 mmol) in air; [b]
16 h reaction time; [c] ee was determined after O-benzoylation; [d] combined
yield; [e] major regioisomer.

With an eye towards using the p-ketoacid variant of the
nitrone addition, hydroxyamine 60 was then oxidized with high
regioselectivity using IBX® to afford a 4:1 ratio of aldonitrone 61
and its corresponding ketonitrone (undrawn). By contrast,
application of more common oxidation agents, such as HgO®?
or MnO,,®? provided little or no regiocontrol. Next, separate
addition of the two requisite p-ketoacids (15, R = Ph or Me) to
crude nitrone 61 smoothly afforded the corresponding

This article is protected by copyright. All rights reserved.
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disubstituted hydroxylamines, but predominantly with a trans-
2,6-arrangement on the piperidine ring (~4:1 dr for both).*¥
Subsequent efforts to effect reductive cleavage of their N-O
bonds indeed produced the desired secondary amines, but
these products were prone to equilibration, likely via retro-aza-
Michael/aza-Michael pathways,?°*** to ultimately favor the 2,6-
cis-isomers.?® Unfortunately, all attempts to N-alkylate these
cis-isomers were unsuccessful; by contrast, the trans-isomers
participated in reductive amination readily. Based on these
results and on the fact that the trans-isomers can be converted
into cis-isomers at a later stage (vide infra),”*® we developed a
one-pot procedure combining these two operations to minimize
isomerization by using Zn/AcOH in the presence of aqueous
formaldehyde.®” This operation afforded N-methylamines 62
and 63 in 75% and 76% yield, respectively, from common
intermediate 61. For these products, equilibration was still
observed, with the dr of 62 being batch dependent (~1:1), while
63 was less prone to epimerization (dr = 1:5.4 favoring the trans-
isomer). Finally, after acidic TBS removal® and subsequent
basic work-up, we obtained the desired aminoalcohol
intermediates (i.e. 3 and 4) with the same dr as the silylated
starting materials.

o a) 38 (20 mol%) 0
@) + BzOH (40 mol%)
e —
N | A [Ketone-based ’}‘
d)@ ) nitrone Mannich] OH
28 32 33
b) ZnBH,4
c) TBSOTf

oTBS
© : d) IBX

N
bo
61

[B-ketoacid- e 0 015

based
nitrone RMOH
Mannich] f) Zn, AcOH,
0] oTBS
H g)HCl,
) J : i+PrOH
h) CIDR

62: R =Ph
63: R =Me

3: R =Ph, (-)-lobeline
4: R = Me, (—)-sedinone

Scheme 2. Total syntheses of (-)-lobeline (

equiv), CH,Cl,, 0—-23 °C, 0.5 h, 67%
CH,Clp, =20 °C, 4 h, 99%, 4:1 r; e

se mixtures into the desired
cent research using
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ultimately found that three rounds of equilibration in MeOH (to
1:1 dr) with selective precipitation of the cis-isomer in
hexanes/EtOAc afforded (—)-sedi 4) in 73% yield over 2
steps.

ethods for
approaches
d potential for late-stage
rding opportunities for
bered nitrones to
noketones in up to
state of the products,
slow. Finally, the serial
other unique operations,
(-)-lobeline (3) and (-)-
iate.

In conclusion, we have developed
Mannich-type additions

generate the corres
98% ee. As a re
purification is facil
execution of both
has enabled
sedinone (4)
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Despite their prevalence, 2- and 2,6- ynch-Colameta, S. A.

disubstituted piperidines are
challenging to prepare asymmetrically,
particularly when they possess f- [Ketone-
functionalization.  Herein, two new L J A/Ta”n’ﬁ,”c%] o
approaches based on the use of cyclic N )%

H H H L [gram scae

nitrones provides the means to readily

fashion an array of such materials, U ll g[k[;?d
one of which proceeds with high R ot Ty Mamnichy
enantioselectivity (up to 98% ee) 9 L

using a chiral thiourea promoter. Of M b == b

note, their sequential use has enabled R =Ph, ( )Iobelme

R = Me, (-)-sedinone

8-step total syntheses of both (-)-
lobeline and (-)-sedinone from a
common intermediate.
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