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ABSTRACT

The intramolecular aza-Michael reaction of carbamates bearing remote o, B-unsaturated aldehydes under organocatalytic conditions took place
with good yields and excellent ee’'s when Jargensen catalyst IV was used in the process, giving rise to the enantioselective formation of
several five- and six-membered heterocycles. The developed methodology was applied to the synthesis of three piperidine alkaloids.

In the past decade, organocatalysis has emerged as a powerfuhteresting methods in C—N bond formation because the
synthetic toolt one that is complementary to transition metal- resultings-amino carbonyl adducts are privileged structures
based catalysis in asymmetric synthesis. The success of thighat are present in natural products and used in pharmaceuti-
methodology is based on several factors: (1) organocatalystscal agentg. Despite the importance of this methodology,
are available (or easily synthesized) in both enantiomerically catalyzed enantioselective aza-Michael reactions remain
pure forms, (2) they are moisture stable so that reactionselusive and can thus be considered as a challenging’ task.
can be conducted under air atmosphere and, in some casesn fact, only very recently have several organocatalyzed
in water, (3) generally, reactions are operationally simple nucleophilic nitrogen addition reactions ¢gS-unsaturated
(practically mix and stir), (4) and most importantly, excellent carbons been presented in their intermolecular versidast

or moderate to excellent results are obtained in terms of bothof these reactions take advantage of the enhancement of
enantioselectivity and yield. nucleophilicity produced by the presence of a heteroatom in

Conjugate addition of amines or their synthetic equivalents the a-position relative to the nitrogen-centered nucleophile

to o,f-unsaturated compounds constitutes one of the most(a-effect)” _ _ _
Encouraged by our recent results in aza-Michael reactions,

we decided to explore the organocatalytic version of this
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reaction’ Herein, we describe a very high enantioselective
organocatalytic intramolecular aza-Michael reaction (IMAMR)
of carbamates bearing rematg5-unsaturated aldehydes as
Michael acceptors (Scheme 1). The application of this

Scheme 1. Synthetic Strategy

strategy for the synthesis of three piperidine alkaloids is also

presented.
Starting amines2 were assembled through a cross-

metathesis reaction of the corresponding unsaturated amines

18 with acrolein catalyzed by second-generation Hoveyda
Grubbs catalyst [G{IMes)Ru=CH(o-i-PrOGH,)]. The reac-
tion proceeded in DCM at room temperature, affording the
desired products in general good yields (Table 1).

Table 1. Preparation of the Starting Amin&s
Hoveyda-Grubbs

PGHN. X _~. __ 2"gen PGHN ¢, X _~_-CHO
Acrolein, DCM, rt
1 2
entry 1 PG X n 2 yield (%)
1 1a Boc CHs 1 2a 81
2 1b Cbz CHs 1 2b 83
3 1c Boc CH, 2 2¢ 60
4 1d Cbz CHs 2 2d 70
5 le Boc (0] 1 2e 56
6 1f Boc (0] 2 2f 84
7 1g Boc N-Cbz 1 2g 43
8 1h Boc N-Cbz 2 2h 44
9 1i Boc S 1 2i 87
10 1j Boc S 2 2j 60

In order to find optimum conditions and catalysts, substrate
2a was subjected to the intramolecular protocol under
different reaction conditions. The initial attempt was carried

(4) With carbamates as nitrogen nucleophiles: (a) Ibrahem, I.; Rios, R.;
Vesely, J.; Zhao, G.-L.; Cérdova, &hem. Commur2007, 849. (b) Vesely,
H.; Ibrahem, I.; Zhao, G.-L.; Rios, R.; Cordova, Angew. Chem., Int. Ed
2007, 46, 778. (c) Sundén, H.; Rios, R.; Ibrahem, I.; Zhao, G.-L.; Eriksson,
L.; Cérdova, A.Adv. Synth. Catal2007, 349, 827. (d) Vesely, J.; Ibrahem,
l.; Rios, R.; Zhao, G.-L.; Xu, Y.; Cérdova, A.etrahedron Lett2007,48,
2193. (e) Li, H.; Wang, J.; Xie, H.; Zu, L.; Jiang, W.; Duesler, E. N.; Wang,
W. Org. Lett.2007,9, 965. (f) Chen, Y. K.; Yoshida, M.; McMillan, D.
W. C. J. Am. Chem. Soc2006, 128, 9328. With azides as nitrogen
nucleophiles: (g) Horstmann, T. E.; Guerin, D. J.; Miller, S.Ahgew.
Chem., Int. Ed200Q 39, 3635. (h) Guerin, D. J.; Miller, S. Q. Am. Chem.
Soc. 2002, 124, 2134. With hydrazones as nitrogen nucleophiles: (i)
Perdicchia, D.; Jargensen, K. A.Org. Chem2007, 72, 3565. With triazols
as nitrogen nucleophiles: (j) Dinér, P.; Nielsen, M.; Marigo, M.; Jgrgensen,
K. A. Angew. Chem., Int. EQ007,46, 1983. (k) Wang, J.; Li, H.; Zu, L.;
Wang, W.Org. Lett.2006,8, 1391.

(5) Heaton, M. M.J. Am. Chem. S0d 978,100, 2004.
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out with catalyst and lasted 120 h with temperatures ranging
from —20° to 15 °C. After reduction of the corresponding
aldehyde, amino alcohdBa was isolated in 60% yield,
although with less than 5% ee (Table 2, entry 1). Catalyst

Table 2. Catalyst Screening and Optimization Reaction
Conditiong

CF3
OTMS
j )<Me Phj )\ N OTMS
Bu H
CF3
FiC

1
i} catalyst, CHCI; O

BocHN \/WCHO — temp, time —> N ~~0OH
ii) NaBH,4, MeOH, 0°C .
Boc
2a 3a
entry cat. additive temp (°C) time (h) yield (%) ee (%)®
1 I HC1 —20 120 60 <5
2 II TFA —20 7 73 27
3 IIT PhCO.H -20 7 78 40
4 IIT PhCO.H -30 22 71 75
5 IV PhCO.H —40 22 74 79
6 IV PhCO.H -50 22 71 93
7 IV PhCOH —60 45 67 93

a|n all cases 0.2 equiv of catalyst and additive was used in 0.1 M solution.
b Determined by means of chiral-phase HPLC analysis.

Il proved to be a great deal more reactive, and when it was
used at—20 °C for 7 h,3awas isolated in 73% yield and
with 27% ee (Table 2, entry 2). Under the same conditions,
catalystlll (20 mol %) afforded the desired product in 78%
yield and with 40% ee (Table 2, entry 3).

An important improvement in ee (75%) was achieved
when the reaction was performed-a40 °C (Table 2, entry
4), but at lower temperatures, the addition did not take place.
We then decided to use Jgrgensen catdlyst20 mol %)
since good results for organocatalyzed conjugated additions
to a,f-unsaturated aldehydes with this catalyst had previously
been describe¥.To our delight, when the reaction was
carried out at—50 °C for 22 h, the desired amino alcohol
3a was isolated in 71% yield and with 93% ee (Table 2,
entry 6). When lower temperatures were used, however, no

(6) (a) Fustero, S.; Chiva, G.; Piera, J.; Volonterio, A.; Zanda, M.;
Gonzélez, J.; Ramallal, A. MChem. Eur. J2007,13, 8530. (b) Fustero,

S.; Jiménez, D.; Sdnchez-Rosell6, M.; del Pozal.@&m. Chem. So2007,
129, 6700. (c) Sani, M.; Bruché, L.; Chiva, G.; Fustero, S.; Piera, J.;
Volonterio, A.; Zanda, MAngew. Chem., Int. E003,42, 2060.

(7) Only one example of organocatalytic intramolecular aza-Michael
reaction has been described before, using amides as nitrogen nucleophiles,
although with poor levels of enantioselectivity: Takasu, K.; Maiti, S.; Ihara,
M. Heterocycle2003,59, 51.

(8) For the preparation of aminds see Supporting Information.

(9) (a) Brandau, S.; Landa, A.; Franzen, J.; Marigo, M.; Jgrgensen, K.
A. Angew. Chem., Int. E®006,45, 4305. (b) Marigo, M.; Bertelsen, S.;
Landa, A.; Jgrgensen, K. A. Am. Chem. So@006,128, 5475. (c) Wang,
W.; Li, H.; Wang, J.; Zu, L.J. Am. Chem. SoQ006, 128, 10354. (d)
Marigo, M.; Schulte, T.; Franzén, J.; Jargensen, KJAAm. Chem. Soc.
2005,127, 15710.
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s found that the reaction was highly efficient when either Boc

Table 3. Scope of the Organocatalytic Intramolecular or Cbz were used as protecting groups (Table 3, entries 1,

Aza-Michael Reaction 2). The formation of the derivative8c and 3d, both
i) IV, PhCO,H X containing a six-membered ring, also took place with
PGHN X~ _-CHO CHCly n(Q_>',,/\ excellent ee (Table 3, entries 3, 4). We then decided to extend
b o ii) NaBH,, MeOH N" 7 "OH this methodology to the preparation of other substrates

PG

) s containing different heteroatoms within the alkyl chain since

: : the resulting reaction products could be potentially valuable

entry 2 temp time  product yield  ee heterocycles to use in medicinal chemistry. The organocata-
0 (h) 3 (%) (%) L - : :

lytic intramolecular aza-Michael reaction led to the formation

OH of the corresponding five- and six-membered ring hetero-

1 2a -50 22 Q,) 71 93 cycles containing oxygen, nitrogen, and sulfur in yields
Boc ranging from 30 to 80% and with excellent ee (up to 96%)

(Table 3, entries 5—10).

3a

O oH The absolute configuration of the newly created stereo-
2 2b 50—>-300 40 K "r) 61 99 center was determined to By comparing thed]P values
bz 3b and NMR data of compoun8a with those described in the
oH literaturé?! (see experimental section in Supporting Informa-
3 2¢ 50 20 O 63 94 tion). Identical stereochemical development was assumed for
N= all the substrates.
Boc e The mechanism commonly invoked to rationalize the
OH organocatalytic conjugate additions of nitrogen nucleophiles
4 2d  -50—>-30 48 (Nj.,/ 60 94 to a,f-unsaturated carbonyl compounds involves activation

of the substrate by the catalyst through the iminium ion

mechanism, thereby facilitating the intramolecular addition
o OH of the nucleophile to thg-carbon atom. Thsi face of the

5 2e  -50 = -40 44 L_).,,) 80 90 E-diene intermediate is shielded by the chiral group of the
\ catalyst, approaching the nitrogen atom onrthéace. When

Coz 3d

zoc 3 X = 0O, S, or N-PG, the priority of the substituents is
[ j )OH reversed, and the approach in these cases is osi flage
6 2f -50—-30 70 N7 50 85 (Scheme 2).
éOC 3f
Cbz OH K . .
7 2g -50—-10 72 L“—) ) 31 96 Scheme 2. Plausible Reaction Pathway for the Organocatalytic
N7 Reaction

Boc 3h

N 2 Ar
8 2h -50—-40 62 [j oH 93 G bM\/X
N .,,) \ 2
o)

" X/\—\_ w " HEG
n
Cbz ( N H AT h,0 o
P
a
TMS OTMS
@D &}
N N Ar

OH
S
9 2 5010 9 LN_)-,,) 43 91

\ | Ar
Boc  3j |
[Sj of X, N
10 2j -50 — -20 80 N "/) 30 96 OTMS “h PG
Boc 3j N Ar /

aDetermined by means of chiral-phase HPLC analysis.

X+,

improvement in the final ee was observed (Table 2, entry
7)_10

Having determined the optimal reaction conditions (Table  As mentioned above, the previously described examples
2, entry 6), we turned our attention to the scope of the of the organocatalytic intermolecular aza-Michael reaction
process. We first evaluated the influence of the nitrogen- take advantage of the presence of one heteroatom in the
protecting group on the selectivity of the final product and o-position relative to the nitrogen-centered nucleophile, thus
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allowing the reaction to occur at room temperature. It is ||| GTGTcNNEGE

noteworthy that in the intramolecular version described
herein, nax-effect is necessary to enhance the nucleophilicity
of the nitrogen, carrying out the addition at a much lower
temperature.

Finally, we decided to apply our newly developed meth-
odology to the total synthesis of three piperidine alkaldfds.
When piperidine4c (obtained from2c) was treated with
phenyl magnesium bromide, a 3:2 mixture of diastereoiso-
mers was obtained in the secondary alcohol. After chro-

matographic separation and reduction of the Boc nitrogen-

protecting group with lithium aluminum hydride+§-
sedaminé and (+)-allosedaminé were obtained (Scheme
3).12 Wittig reaction and hydrogenation of the double bond

Scheme 3. Synthesis of )-Sedamineb and (+)-Allosedamine
6

N

1

Me
o 5 [(+)-Sedamine]
2 IV, PhCO,H iy PhMgBr
C— = . —_— +
CHCl3 ) if) LIAIH, OH

Boc 60% (3:2) =

4c N~ 7~ Ph
1
Me

6 [(+)-Allosedamine]

generated fromdd gave rise to (+)-coniing'* in a very
simple manner (Scheme #).

In conclusion, we have developed a very high enantiose-

lective organocatalytic intramolecular aza-Michael addition

(10) The use of other solvents did not improve the final ee; thus, when
substrate?2a was subjected to the reaction conditions described in Table 2
(entry 6) but using toluene as solvent, compo@advas obtained in 72%
yield and 68% ee.

(11) Deng, X.; Many, N. STetrahedron: Asymmetrg005,16, 661.

(12) Reynolds, TPhytochemistry2005,66, 1399.
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Scheme 4. Synthesis of {)-Coniine7

i) PPhsMeBr,
24 V. PhCO,H } 'BuOK, THF '
CHCl, N™ 7" "H iy Hy/Pd-C N™
Chz 65% H
ad

7 [{(+)-Coniine]

reaction of carbamates containing pendant conjugated alde-
hydes which proceeds in good yields and high enantiose-
lectivities. The process, efficiently catalyzed by prolinol
derivativelV, is useful for the enantioselective preparation
of several five- and six-membered ring heterocycles. Finally,
the synthetic utility of the novel organocatalytic reaction was
confirmed by the concise synthesis of three piperidine
alkaloids. The application of this methodology to the total
synthesis of several other alkaloids is currently underway.
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(13) For recent synthesis of sedamine and allosedamine see:
Josephsohn, N. S.; Snapper, M. L.; Hoveyda, A.JHAm. Chem. Soc
2004,126, 3734. (b) Zheng, G.; Dwoskin, L. P.; Crooks, P.JA.Org.
Chem.2004,69, 8514. (c) Angoli, M.; Barilli, A.; Lesma, L.; Passarella,
D.; Riva, S.; Silvani, A.; Danielli, BJ. Org. Chem2003,68, 9525.

(14) For recent synthesis of coniine see: (a) Lebrun, S.; Couture, A.;
Deniau, E.; Grandclaudon, Prg. Lett 2007, 9, 2473. (b) Wu, T. R.; Chong,

J. M. J. Am. Chem. So@006,128, 9646.

(15) The preparation of these piperidine alkaloids is an additional
confirmation of the absolute stereochemistry of the newly created stereo-
center.
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