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ABSTRACT
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(-)-Indolizidene 209B
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p-Tolyl”""NH O

B-Amino ketone

N-Sulfinyl f-amino ketones, prepared directly from the potassium enolates of methyl ketones and enantiopure sulfinimines, are transformed
in one pot to protected amino ketones, which are valuable chiral building blocks for the assembly of piperidines. The utility of this methodology
is illustrated in a concise asymmetric synthesis of (-)-indolizidine 209B.

Recently, we introduced a new and general methodology for by the reaction of the correspondiffgamino ester with

the asymmetric syntheses/®famino aldehydes and ketones lithium N,O-dimethylhydroxyaminé. 8-Amino carbonyl

2 via the addition of hydride and Grignard reagents to moieties are found not only as structural units of natural

nonracemid\-sulfinyl S-amino Weinreb amide$ (Scheme products but also as useful chiral building blocks for Wittig-

1) The Weinreb amided were prepared either by the type condensatiofs’ and natural produdt?® 1,3-amino
alcohol}® and-amino acid syntheses. We describe herein

_ a direct method for the asymmetric synthesispgedimino

ketones via the addition of the methyl ketone enolates to

Scheme 1 L . L . .
o sulfinimines and its application to the concise synthesis of
§ o) piperidine and indolizidine alkaloids.
pTolyl "™ NH o R (H) M* ol I/S‘NH The methyl ketone enolates were generated from the
R/'\)J\N,OMe plovt 2R 0 corresponding ketones, acetophenone, acetone, 2-butanone,
Me R R (H) and 2-hexanone and the appropriate base-#8 °C. A
1 5 solution of 1.0 equiv of (S)-(+)-N-benzylidine-p-toluene-
N-Sulfinyl B-amino (’:\g ﬁ,ﬂﬂ”ﬂ;ﬁﬁ'@ﬂﬁ g (2) Davis, F. A.; Szewczyk J. MTetrahedron Lett1998,39, 5951.
Weinreb amide Y P (3) Louis, C.; Mill, S.; Mancuso, V.; Hootele, @an. J. Chem1994,

72, 1347.

(4) Davies, S. B.; McKervey, M. ATetrahedron Lett1999,40, 1229.
. . (5) (a) Rodriguez, M.; Aumelas, A.; Martinez,Tetrahedron Lett199Q
addition of the potassium enolate Wfmethoxy-N-methyl- 31, 5153. (b) Rodriguez, M.; Heitz, A.; Martinez, Tktrahedron Lett1990,

acetamide to enantiopure sulfinimines (N-sulfinylimines) or 31 7319.(c) Limal, D.; Quesnel, A.; Briand, J.“Fetrahedron Lett1998,

39, 4239.
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s The availability of small, easily manipulated chiral building

Scheme 2 blocks and templates has had a significant impact on the
asymmetric syntheses of biologically and pharmaceutically

1) base, -78 °C /g\ valuable molecule¥:*2Toward this objective, Troin and co-
RC(O)Me pTolyl” "NH O workers introduced the ketal o)(+)-4-amino-2-pentanone
o H Ph R 5 and its enantiomer for the asymmetric synthesicisf
2) p-TonI’é\N/J\Ph 2,6-diSL_Jbstitu_ted protected 4-oxo piperidir@¥ On treat-
(S, RA)-(+)-4 ment with various aldehydes, followed by acidjndergoes
(5143 o R <P a_facile intr_amol_ecular Manniqh_ reaction to aff@dh good
b:R = Me yield and high diastereoselectivity (Scheme 3). However, the
|
Scheme 3
sulfinamide (3 was added, via cannula and-a¥8 °C, to
. : . 1) RCHO
1.8 equiv of the enolates. The reaction mixture was quenched m 2) TsOH 5 0
after 30 min by addition of saturated NEl solution. Flash NG o fi
chromatography afforded thi-sulfinyl S-amino ketones Me ref. 13 Me” N~ R
(S,R)-(+)-4a—d as single diastereoisomers (Scheme 2). H
These results are summarized in Table 1. (S);-(+)-5 6
|
Table 1. Addition of Methyl Ketone Enolates to Sulfinimine multistep synthesis d requires either a classical resolution
(S)-(+)-3at—78°C or a microbiological reduction as key stégs® Moreover,
Ketone % isolated yielda their methodoI(_)gy does _not_ provide_ convenient access to
entry (R=) base solvent (% de)P dlversel_y substituted derlvatl\_/es,_vx_/hmh are needed for the
T oA THE  (SeR)-(1).42 53 (~96) synthesis pf more complex p|per!d|nes.. _
> LiHMDS THE 593£>%) The Troin c.h|ral building bIock_ls readily prepared using
3 NaHMDS  THE <10 our newpf-amino ketone synthesis. Thus, treatment®)- (
4 KHMDS THF 95 (>96) (+)-acetylideneN-p-toluenesulfinimide 7)° with the potas-
5  Me NaHMDS  THF  (Ss,R)-(+)-4b <10 sium enolate of acetone in ether gav&,%$)-(+)-N-(p-
6 KHMDS THF 40 (62) toluenesulfinyl)-4-aminopentane-2-one (8) in 70% isolated
7 KHMDS Et,0  72(70) yield of the major diastereoisomer following chromatography
8 Et KHMDS E0  (Ss,R)-(+)-4c 90 (90) (Scheme 4). The diastereoselectivity of the addition was 64%.
9 nBu KHMDS THF  (Ss,R)-(+)-4d 65 (80)

=
o

KHMDS E,O 83 (90)

a|solated yield of major diasterecisomé&iDetermined from théH NMR

of the crude reaction mixture. Scheme 4
o
MeC(O)CH,K BN
The results summarized in Table 1 reveal that the potas- %3) /J"\ ot ploly”="RA©
sium enolates of the methyl ketones afford the highest  pToly”™ "N "Me Et,0, -78 °C Me
yields and diastereoselectivity. While the lithium enolate of (70%, 64% de)
acetophenone gave high diastereoselectivit9g% de), the (S)-(+)-7 (Ss,5)-(+)-8
yields were modest (Table 1, entries 1 and 2). Sodium eno- TsOH
lates gave complex reaction mixtures (Table 1, entries 3 and (S)-(+)-5
5). Improved diastereoselectivities and yields were also noted OH
in ether solvent (Table 1, entries 7, 8, and 10). The absolute C (72%) (>96% ee)

; OH
stereochemistry of the newly created stereocenter for the

addition of enolates toS)-(+)-3was established aR by
Ble! These result are consisient ith he usual mode for Al AUEMPIS 10 convert (+):8nto (+)-5 using 13-

pie.” : o propanediol and catalytip-toluenesulfonic acid (TsOH, 5
addition of organometallic reagents to sulfinimines: the metal

ion coordinates to the sulfinyl oxygen and addition to the (10) For reviews on the chemistry of sulfinimines, see: (a) Zhou, P.;

C—N double bond occurs via six-membered chairlike transi- Chen, B.-C.; Davis, F. A. Iddvances in Sulfur Chemistry; Rayner, C. M.,
tion stated! Ed.; JAI Press: Stamford, CT, 2000; Vol. 2, pp 248B2. (b) Davis, F.

: A.; Zhou, P.; Chen. B.-CChem. Soc. Rel.998,27, 13. (c) Ellman, J. A.;
Owens, T. D.; Tang, T. PAcc. Chem. Re002, 35, 984.

(9) (a) Davis, F. A.; Zhang, Y.; Andemichael, Y.; Fang, T.; Fanelli, D. (11) For a review on sulfinimine derived polyfunctionalized chiral
L.; Zhang, H.J. Org. Chem1999,64, 1043. (b) Fanelli, D. L.; Szewczyk, building blocks, see: Davis, F. A.; Chao, B.; Andemichael, Y. W.; Mohanty,
J. M.; Zhang, Y.; Reddy, G. V.; Burns, D. M.; Davis, F. @rg. Synth. P. K.; Fang, T.; Burns, D. M.; Rao, A.; Szewczyk, J. Meteroto. Chem.
1999,77, 50. 2002,13, 48.
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mol %) resulted in low conversions. However, whe){8 anhydrous MgS@in DCM was attempted, but complex
was heated in benzene or toluene with 1.5 equiv of TsOH mixtures occurred, apparently from aldol condensation of
and 5.0 equiv of 1,3-propanediof-}-5 was obtained directly  the aldehyde. Alternatively, treating this aldehyde with 4 A
in 72% yield for the two-step, one-pot reaction. Comparison molecular sieves without heating did seem to give some of
of its rotation with literature values indicated that epimer- the imine, but the aldol product was also present. This
ization had not occurretf2 problem was avoided by stirring-§-12 at room temperature

A further illustration of the utility of our methodology is  with anhydrous MgS@and (B-4-benzyloxy-but-2-enallQ3)
the asymmetric synthesis of-J-indolizidine 209B (8)14 for 2—3 h (Scheme 6). The crude imifd, obtained in nearly
This 5,8-disubstituted indolizidine is member of a large
family of indolizidine alkaloids isolated from the toxic skin
of the dendrobatide frog and many of these alkaloids exhibit

. . . - S . . . Scheme 6
interesting biological activitie¥> Our synthesis begins with -~ _
the preparation offf)-(—)-N-(hexanylidine)p-toluenesulfin- BnO
amide (10), in 79% vyield, by condensation of hexanal with BnO X
commercially available (R)-(—)-p-toluenesulfinamide (9) Wo 1§ m
using Ti(OEt) (Scheme 55.Next, treatment of the sulfin- (Rs, A1-()12 13 Yo_ o
Scheme 5
o o u B 14 i
[] n-hexanal é P
pTolyl” 5> NH, , p-Tolyl” "N (Y 1) Pd/C, Hy
T(“?%E?" 0.0 2) PA(OH),/C, H,
6 TsOH fj/ 3) PhyP, CBrg, EtsN
(R0 (R-)-10 NN
o 75°C HCsH™ N N (4-steps, 74%)
é (2 steps 61%) BnO
CoH5C(O)CHoK p-Tolyl” " "NH O (25,35,6R)-()-15
-78 oC (85%, >96% de) SH —
m} [SH BF3 OEt, S.__S
OH (Fs R-0-11 fj/ fj/
1) TSOH, <: n-Csth" NL/ (929%) Csfe NL/

o OH
78°C HoN

2) 2.6 N KOH &O/ (25,35,6R)-(-)-16 (25,35,6R)-(-)-17

(87%) Ra-Ni, EtOH (j/
(R)--)-12 PN

N 7,
(75%)

imine with the potassium enolate of 2-butanone afforded the {-)-indolizidene 2098 (18)
B-amino ketone (BR)-(—)-11in 85% yield and>96% de.
The one-pot deprotectiorprotection sequence gave)¢
(—)-12in 87% yield following chromatography.

With the requisite protected-amino ketone €)-12 in
hand, heating it with 4-benzyloxybutanal in the presence of

guantitative yield was heated with dry TsOH, 2.0 equivalents,
in benzene at 78C for 3 h toafford the Mannich product
(—)-15as a single diastereoisomer in 61% yield for the two
(12) For applications oN-sulfinyl 6-amino 3-ketoesters to the asym- steps. The relative conflgurat|on was unamb'gu_OUSIy a_ssugned
metric synthesis of piperidine and pyrrolidine alkaloids, see: (a) Davis, F. based on théH NMR and COSY spectra and is consistent
A.; Chao, Fang, T.; Szewczyk, J. NDrg. Lett.1999,1, 1041. (b) Davis, ; it ;
F. A.; Chao, B.Org. Lett.2000,2, 2623. (c) Davis, F. A.; Fang, T.; Chao, with a FranSItI(.m sta;te Where all the substituents occupy
B.; Burns, D. M.Synthesi€000, 2106. (d) Davis, F. A.; Chao, B.; Rao, A. equatorial position&® Initial attempts to hydrogenate the
Org. Lett. 2001, 3, 3169. (€) Davis, F. A.; Fang, T.; Goswami, 8rg. alkene and remove the benzyl group using Pd/Gésulted
Lett. 2002,4, 1599. (f) Davis, F. A.; Yang, B.; Deng, J. Org. Chem.
2003,68, 5147. (g) Davis, F. A.; Rao, A.; Carroll, P.Qrg. Lett.2003,5,
3855. (14) For earlier syntheses of (—)-indolizidine 209B and leading refer-
(13) (a) Ripoche, I.; Canet, J.; Gelas, J.; Troin, Yetrahedron: ences, see: (a) Ma, D.; Pu, X.; Wang,Tétrahedron: Asymmetr2002,
Asymmetryl999,10, 2213. (b) Ciblat, S.; Besse, P.; Canet, J.; Troin, Y.; 13, 2257. (b) Song, Y.; Okamoto, S.; Sato,Tletrahedron Lett2002,43,
Veschambre, H.; Gelas Jetrahedron: Asymmetr$999, 10, 2225. (c) 8635. (¢) Shu, C.; Alcudia, A.; Yin, J.; Liebeskind, L. $. Am. Chem.
Besse, P.; Ciblat, S.; Canet, J.; Troin, Y.; Veschambrd étrahederon: S0c.2001,123, 12477. (d) Back, T. G.; Nakajima, B. Org. Chem2000,
Asymmetry200Q 11, 2211. (d) Glasson, S. R.; Canet, J.-L.; Troin, Y. 65, 4543. (e) Michael, J. P.; Gravestock, D.Chem. Soc., Perkin Trans.
Tetrahedron Lett2000,41, 9797. (e) Ciblat, S.; Calinaud, P.; Canet, J.-L.; 12000, 1919.

Troin, Y. J. Chem. Soc., Perkin Trans200Q 353. (f) Carbonnel, S.; Troin, (15) For a review, see Daly, J. W.; Carraffo, H. M.; Spande, T. F. In
Y. Heterocycle®002,57, 1807. (g) Lamazzi, C.; Carbonnel, S.; Calinaud, Alkaloids: Chemical & Biological Perspeces; Pelletier, S. W., Ed.;
P.; Troin Y. Heterocycle2003,60, 1447. Pergamon Press: Oxford, 1999; Vol. 13, pp1b1.
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in only reduction of the alkene even after 3 days. Subsequentdemonstrated in the asymmetric synthesis-9fifidolizidene
reaction of the crude alkane with Pd(QHJ. gave the 209B (18).
alcohol, which was subjected to cyclization using @BhP/

EtN and afforded the indolizidine<)-16 in 74% yield for Acknowledgment. We thank Dr. Joanna Szewczyk for
the four steps. With ethane dithiol/BF(—)-16 gave the early studies and Jianghe Deng and Dr. Charles DeBrosse,
thioketal (-)-17, which on Ra-Ni desulfurization gave)- director of NMR, for helpful discussions. This work was
indolizidene 209B (18) with properties consistent with Supported by a grant from the National Institute of General
literature valueg? Medical Sciences (GM51982).

In summary, the direct asymmetric synthesidNesulfinyl

B-amino ketone<t from the potassium enolate of methyl Supporting Information Available: Experimental pro-

é:edures and spectroscopic data for all new compounds. This
material is available free of charge via the Internet at

efficiently transformed in one pot to protectgdamino http://pubs. acs. org.

ketones, which are valuable chiral building blocks for the
assembly of piperidines. The utility of this methodology was 0L035981+
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