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Herein we describe the γ-amino hydroxide Grob frag-
mentation of the aza-bicyclo[2.2.2]octene 1 using triflic
anhydride as the activating agent. The resulting dihydro-
pyridinium ion can react with a wide variety of Grignard
reagents, giving access to 2,3,6-trisubstituted tetrahydro-
pyridines (2) with high regio- and stereoselectivities. This
methodology has been applied to the short synthesis of
natural indolizidines (-)-209I (3) and (-)-223J (4).

Piperidine and indolizidine subunits are found in numer-
ous biologically active natural products1 and medicinal
drugs.2 For the past 10 years, their synthesis has been widely

studied,3 but stereoselective synthesis of variously substi-
tuted rings still remains a contemporary area of research.4

Recently, as part of our program to develop new stereo-
selective access to nitrogen-containing heterocycles,5 our
group reported an original synthesis of 2,3,6-trisubstituted
dihydropyridines based on a silver ion-induced Grob frag-
mentation of γ-amino iodides.5c,6 Since this method displayed
high efficiency and stereoselectivity, we were interested in
employing it in the synthesis of naturally occurring nitrogen-
containing heterocycles. However, this process required the
use of a stoichiometric amount of an expensive silver salt.
Hence, in this note, we describe our efforts toward the elabo-
ration of a silver-freeGrob fragmentation and its application
to the enantioselective synthesis of dendrobatid indolizidine
alkaloids (-)-209I and (-)-223J.

To overcome the use of the silver salt, we envisioned that
the alcohol functionality of the aza-bicyclo[2.2.2]octene 17

could be activated via its corresponding O-triflyl intermediate
I.8 A thermal Grob fragmentation could then occur, leading to
the dihydropyridinium salt II that would then be trapped in situ
by a nucleophile such as a Grignard reagent (Scheme 1).

During the optimization process, using the bicyclo[2.2.2]-
octene 1a (R1 = Me) as a test substrate, triflic anhydride
proved to be the most efficient electrophile for the in situ
transformation of the alcohol function into a suitable leav-
ing group.9 To examine the intermediates involved in this

SCHEME 1. Silver-Free Grob Fragmentation
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transformation, the fragmentation reaction was performed
in deuterated chloroform. The γ-amino alcohol 1a was
dissolved in CDCl3, and 1 equiv of Tf2O was added. Within
10 min, the formation of the triflate and the subsequent
trapping of the triflic acid byproduct by the amine were
apparent by 1H NMR, as indicated by the expected slight
shifts of all signals. After the addition of Et3N, the char-
acteristic allylic signals of the Grob product were immedi-
ately observed. This indicates that the γ-amino triflate I
undergoes rapid Grob fragmentation to form the dihydro-
pyridinium salt II.

Our optimized conditions were tested with a wide variety
of Grignard reagents, providing an array of substituted
tetrahydropyridines in high yields and with high stereoselec-
tivities (Table 1). Primary (entries 1-5 and 11), secondary
(entries 6-9), and tertiary (entry 10) sp3, as well as sp2

(entries 12-14) and sp (entries 15-17) hybridized carbon
nucleophiles are well tolerated in this process. The dihydro-
pyridinium intermediate II can also be reduced using LiAlH4

(entry 18).
It is noteworthy that unusual Grignard reagents derived

fromdithiane compounds canbe used, even thoughamoderate
selectivity (6.3:1) is obtained for the 2-phenyl-1,3-dithiane
magnesium bromide addition (entry 10). Furthermore, in the
case of the cyclohexylmagnesium chloride addition (entry 8),
the temperature had to be lowered to -20 �C to avoid a
β-hydride elimination that would lead to the reduced tetrahy-
dropyridine 2r.

As depicted in Scheme 2, our strategy has been applied to
the expedient stereoselective synthesis of two alkaloids found
in poison frog skin: indolizidines (-)-209I and (-)-223J.10

The 1,2-dihydropyridine 6 was prepared as a single regio-
and diastereoisomer11 from valinol derivative 5, pyridine,
and the appropriate Grignard reagent.12 A subsequent endo-
selective Diels-Alder condensation gave the bicyclic com-
pound 7.7b In the next step, the amidine and ester function-
alities were reduced using aluminum(III) hydride followed
by an in situ N-benzoylation7a,13 to give the γ-amido alcohol
8 in 37% overall yield from 5 and with 95% ee.14 The amide
was reduced with LiAlH4 in 93% yield, providing the

TABLE 1. Scope of the Silver-Free Grob Fragmentation

entry RM product dra yield (%)

1 MeMgBr 2a >19:1 92
2 n-PrMgCl 2b >19:1 92
3 n-BuMgBrb 2c >19:1 95
4 n-OctylMgBr 2d >19:1 99
5 2-(1,3-dioxan-2-yl)ethylMgBr 2e >19:1 92
6 i-PrMgCl 2f >19:1 94
7 CpMgCl 2g >19:1 77
8c CyMgCl 2h >19:1 78
9 (1,3-dithiane-2-yl)MgBrd 2i >19:1 72
10 (1,3-dithiane-2-phenyl-2-yl)MgBrd 2j 6.3:1 88
11 allylMgBr 2k >19:1 91
12 vinylMgBr 2l >19:1 94
13 phenylMgBr 2m >19:1 86
14e furylMgBr 2n 10:1 77
15 HC�CMgBr 2o >19:1 97
16 C3H7CtCMgBrf 2p >19:1 83
17 TMSCtCMgBrf 2q >19:1 82
18 LiAlH4 2r >19:1 78
aDetermined from 1H NMR of the crude material. bPrepared from

nBuLi and MgBr2 3OEt2.
cGrignard reagent was added at -20 �C.

dPrepared from corresponding dithiane, nBuLi andMgBr2 3OEt2.
eTHF

(0.1 N) was added before nucleophile addition. fPrepared from corre-
sponding terminal alkynes and EtMgBr.

SCHEME 2. Synthesis of Indolizidines (-)-209I and (-)-223J
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γ-amino alcohol precursor 9; the latter underwent fragmen-
tation and subsequent reaction with Grignard reagents, thus
producing tetrahydropyridines 10 and 11 in 90% and 78%
yield, respectively. SFC analysis on chiral stationary phase
indicated that the enantiomeric excess remained unchanged
after this transformation. The alkenes were hydrogenated
using PtO2 catalysis under 400 psi of H2; the use of other
metal catalysts, such as Pd(OH)2/C, Rh/C, or Pt/C, resulted
in a mixture of the corresponding C6-epimerized piperidine.
The benzyl protecting groups were then removed using
catalytic Pd(OH)2/C and trifluoroacetic acid under 400 psi
of H2. Finally, the resulting piperidines 12 and 13 were
converted into the corresponding indolizidines (-)-209I 3

([R]20D = -143.4 (c 0.99, acetone), lit. [R]29D = -123.4 (c
0.71, acetone),10b [R]24D = -126.5 (c 0.19, acetone)10d) and
(-)-223J 4 ([R]20D = -105.0 (c 1.02, acetone), lit. [R]26D =
-90.5 (c 0.70, acetone)10b) through a one-pot chlorination/
cyclization procedure15 with 59% and 60% yield respectively.

In conclusion, we have developed an improved procedure
for the synthesis of 2,3,6-trisubstituted dihydropyridines
based on the Grob fragmentation of a γ-amino hydroxide
containing bicyclo[2.2.2]octene scaffold. We have also
characterized by proton, carbon, and two-dimensional
NMR analysis the triflate dihydropyridinium intermediate.
Finally, this methodology has been applied to an expedient
total stereoselective synthesis of two frog skin alkaloids:
indolizidines (-)-209I (3) and (-)-223J (4).

Experimental Section

General Procedure for the Grob Fragmentation. To a solution
of 1a (100 mg, 0.411 mmol) in CH2Cl2 (0.1 N) was added triflic
anhydride (76 μL, 0.452 mmol, 1.1 equiv), and the reaction

mixture was stirred at rt for 5 min. Triethylamine (69 μL, 0.493
mmol, 1.2 equiv) was then added (reaction mixture color turned
to red, indicating the formation of the dihydropyridinium
intermediate). After 5 min, the Grignard reagent (2.2 equiv)
was added dropwise; the reaction was stirred for 20min at rt and
was then quenched by the addition of a saturated aqueous
solution of sodium bicarbonate (2 mL). Et2O (10 mL) was
added; the resulting mixture was transferred into a separation
funnel. The organic layer was separated, and the aqueous layer
was washed with EtOAc. Organic layers were combined, dried
overNa2SO4, and concentrated under reduced pressure to give a
crude residue that was purified by flash chromatography using
triethylamine neutralized silica gel (2% EtOAc/hexanes).

(2S,3R,6R)-3-Allyl-1-benzyl-6-butyl-2-methyl-1,2,3,6-tetra-
hydropyridine (2c): 95% yield; yellowish oil; Rf (10% EtOAc/
hexanes) = 0.55; 1H NMR (CDCl3, 400 MHz), δ 7.39 (d, J =
7.4 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H),
5.80-5.67 (m, 3H), 4.99-4.87 (m, 2H), 3.80 (s, 2H), 3.23-3.15
(m, 1H), 2.75 (dq, J = 4.7, 6.6 Hz, 1H), 2.29-2.20 (m, 1H),
2.14-2.05 (m, 1H), 1.98-1.91 (m, 1H), 1.76-1.65 (m, 1H),
1.41-1.10 (m, 5H), 1.06 (d, J = 6.6 Hz, 3H), 0.86 (t, J = 7.1,
3H); 13C NMR (CDCl3, 100 MHz), δ 141.9 (C), 137.2 (CH),
129.2 (CH), 128.5 (2xCH), 128.1 (2 � CH), 127.5 (CH), 126.5
(CH), 116.0 (CH2), 59.3 (CH), 55.4 (CH), 54.5 (CH2), 41.3 (CH),
38.4 (CH2), 32.6 (CH2), 29.2 (CH2), 23.1 (CH2), 18.2 (CH3), 14.2
(CH3); FTIR (cm-1) (neat) 3746, 2929, 909, 726, 696; HRMS
(ESI, Pos) calcd forC20H30N [MþH]þ: 284.2373, found 284.2378.
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