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A Concise Synthesis of Lentiginosine Derivatives pharmacological potential as amyloglycosidase inhibfqusly-
Using a Pyridinium Formation via the Mitsunobu hydrpxylated indolizidine a]kaloids, §uch a%)(lentigiqo§ine
Reaction and its isomer§,” have received considerable synthetic interest
(Figure 1). These naturally occurring sugar mimics are potential
therapeutic agents against many diseases such as cancer,
diabetes, or viral infections including HI¥.
Despite their relatively simple structure, hydroxylated in-
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the generation of the bicyclic skeletéh:"° Surprisingly,
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FIGURE 1. (—)-Lentiginosine and some epimeric structures.
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yield.8™ This synthesis is closely related to Gurjar’'s approach
starting from pipecolic acié! Herein, we wish to describe a

new and concise strategy based upon the exploitation of the

ubiquitous Mitsunobu reactidhfor the creation of the dihy-
droxylated five-membered ring included in the indolizidine
framework.

Considering the Mitsunobu mechanism, we worked out the
cyclization step using a pyridinium salt as NuH. To the best of
our knowledge, there is no precedent for this apprdadtis
strategy does not require a protectiaieprotection sequence
of the alcohol moieties. Classically, this bicyclic pyridinium
system was built using pyridyl propranol by treatment with
mesyl chloride or triflic anhydride and a baldéf the cyclization
step could be done via the Mitsunobu reaction, we believe tha

we would be able to generate a new approach to the synthesi

of indolizidinium. In order to test this hypothesis, 2-(3-
hydroxypropyl)pyridinium was subjected to Mitsunobu condi-
tions (PPB-DIAD in acetonitrile). The bicyclic pyridinium was
formed quantitatively and was extracted in water allowing easy
discarding of Mitsunobu side products. Our general retrosyn-
thetic approach for the synthesis of hydroxylated indolizidines
is depicted in Scheme 1. In this strategy, pyridinium intermedi-
ates4 and8 are readily available in two steps from 2-bromopy-
ridine and provide the dihydroxyindolizidine scaffold in a short
and excellent carbon economy pathway.

Enantiomerically pureR)-2,3-O-isopropylidene glyceralde-
hyde 3 was prepared fronp>-mannitol in two steps according
to the literature?® 2-Bromopyridine was treated with-BuLi at

(10) (a) Heimgener, G.; Raatz, D.; Reiser, Getrahedron2005 61,
643. (b) Zhao, Z.; Song, L.; Mariano, P. Betrahedron2005 61, 8888.

(c) Comins, D. L.; Fulp, A. BOrg. Lett.1999 1, 1941.

(11) Gurjar, M. K.; Ghosh, L.; Syamala, M.; Jayasree,T¢trahedron
Lett. 1994 35, 8871.

(12) (a) Mitsunobu, OSynthesid€981 1. (b) Yuen Sze But, T.; Toy, P
H.J. Am. Chem. So006 128 9636. (c) Kumara Swamy, K. C.; Praveen
Kumar, K.; Bhuvan Kumar, N. NJ. Org. Chem2006 71, 1002. (d) Schenk,
S.; Weston, J.; Anders, El. Am. Chem. Soc2005 127, 12566. (e)
Dembinski, R.Eur. J. Org. Chem2004 2763. (f) Valentine, D. H., Jr,;
Hillhouse, J. H.Synthesi®003 317. (g) Ahn, C.; Correira, R.; DeShong,
P.J. Org. Chem2002 67, 1751.

(13) For a recent example of displacement of activated alcohol by
nucleophilic pyridine nitrogen under Mitsunobu conditions and further
cyclization of N-Boc-protected 2-amino-6-propanol pyridine derivative,
see: Lawton, G. R.; Ji, H.; Silverman, R. Betrahedron Lett2006 47,
6113.

(14) For relevant examples, see: (a) Gotchev, D.; Comins, D. L.
Tetrahedror2004 60, 11751. (b) Bracher, F.; Daab,Bur. J. Org. Chem.
2002 2288.
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SCHEME 2. Total Synthesis of 1eprLent|g|nosme
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1-epi-lentiginosine 7

—78°C affording 2-lithiopyridine. The latter reacted smoothly
with (R)-2,3-O-isopropylideneglyceraldehyde to give a 2.3:1
mixture of diastereoisomeric alcoholsand 2 in 63% yield,
which is consistent with the results described by Moberg & al.
Since both stereoisomers could be easily separated by chroma-
tography on silica gel using a solvent gradient and led to
different targets, the diastereoisomeric excess was not improved.
The alcoholl is presumably formed via a chelation-controlled
addition of 2-lithiopyridine to the aldehyde. On the other hand,
compound? could also be obtained as the major diastereoisomer
by reducing the corresponding ketone with LiAH4(in 99%

yield with a 50% de as indicated Big NMR). We first applied

our synthetic route to the diastereoisonierAs illustrated in
Scheme 2, subsequent cleavage of acetonide under mild acidic
conditions afforded the triod in 95% vyield. The indolizidine

ring system was built by using an intramolecular cyclization
under Mitsunobu conditions (PRBDIAD in acetonitrile for 2

h), leading to pure pyridiniur in 92% yield. It is worth noting

tthat these conditions were compatible with the fully unprotected
s1r|oI and required no purification, the pyridinium being extracted

water.

The catalytic hydrogenatiéh of this N-alkylpyridinium 5
proceeded smoothly in ethanol at atmosphere pressure, in the
presence of Pt@as catalyst to givé in 93% yield with more
than 95% de as indicated Bf1 NMR. The high diastereose-
lectivity observed in the reduction of the pyridine ring of
compound5 could be explained by the formation of a rigid
chiral pyridinium intermediaté? In absence of a base, the
indolizidinium hydrochloride6 resulting from the reduction
prevents catalyst poisoning by the corresponding indolizidine.
In addition, the protonated indolozidine leads to a stable
compound that can be isolated. Finally, compo6Gmehs readily
transformed into Zepklentiginosine7 in 95% yield through
simple treatment with concentrated aqueous K®&HThe
obtained stereochemistry indeed corresponds to the less-hindered

(15) Schmid, C. R.; Bryant, J. BDrg. Synth.1993 72, 6.

(16) Rahm, F.; Stranne, R.; Bremberg, U.; Nordstr&.; Cernerud, M.;
Macedo, E.; Moberg, CJ. Chem. Soc., Perkin Trans.2D0Q 1983.

(17) (a) The corresponding ketone was obtained in 88% yield by reacting
2-lithiopyridine with (R)-methyl-2,2-dimethyl-1,3-dioxolane-4-carboxylate.
(b) For the reduction of the ketone, see: Chikashita, H.; Nikaya, T.; Uemura,
H.; Itoh, K. Bull. Chem. Soc. Jp#989 62, 2121.

(18) For reduction of hydroxypyridinium salt, see: (a) Shono, T.;
Matsumura, Y.; Tsubata, K.; Inoue, K.; Nishida, ®hem. Lett1983 21.

For metal-catalyzed asymmetric hydrogenation of pyridine ring, see: (b)
Lei, A.; Chen, M.; He, M.; Zhang, XEur. J. Org. Chem2006 4343. (c)
Legault, C. Y.; Charette, A. BJ. Am. Chem. SoQ005 127, 8966. (d)
Glorius, F.Org. Biomol. Chem2005 3, 4171. (e) Glorius, F.; Spielkamp,
N.; Holle, S.; Goddard, R.; Lehmann, C. Wngew. Chem., Int. E@004

43, 2850. For a review on asymmetric hydrogenation of heteroaromatic
compounds, see: (f) Zhou, Y.-@cc. Chem. Re007, ASARP

(19) Landa, A.; Minkkila A.; Blay, G.; Jgrgensen, K. AChem. Eur. J.
2006 12, 3472.
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SCHEME 3. Total Synthesis of )-Lentiginosine and Its
8a-Epimer
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side of the pyridinium salt. Using this strategyefilentigi-
nosine 7 was synthesized in four steps from commercially
available 2-bromopyridine in 36% overall yield.

As illustrated in Scheme 3, applying this synthetic approach
to the diastereoisome? gave access to—)-lentiginosine. In
this case, the platinum oxide-catalyzed hydrogenation of
compound produced a 0.8:1 mixture of diastereoisomtda
and10b, allowing an expedient 5-steps total synthesis-of-(
lentiginosinella and its 8a-epimeflb in respectively 28%
and 31% overall yield from 2-bromopyridine. A subtle balance

of steric and torsional factors might be responsible for the loss

of diastereoselectivity during the reduction step. For the
structures7,2° 1132t and11b,2! the stereochemical assignment

under simple, mild and effective conditions allowing the
synthesis of various nitrogen-bridgehead heterocycles containing
a piperidine ring, a common scaffold in biologically active
natural compounds.

In summary, we have demonstrated that the Mitsunobu
reaction is viable as a new methodology for the formation of
bridgehead azabicyclic compounds from pyridine derivatives.
The concise and high-yielding total synthesis of non-naturals
analogues oft)-lentiginosine provided an interesting example
of this reaction. In addition, such an alkylatioreduction
sequence opens the way to shortened synthesis of numerous
azabicyclic alkaloids, such as swainsonine and castanospermine.
Studies are in progress in this area.

Experimental

General Methods. Unless otherwise stated, reactions were
performed under a nitrogen atmosphere using freshly distilled
solvents. All reactions were monitored by thin-layer chromatography
with silica gel 60 F254 pre-coated aluminum plates (0.25 mm).
Flash chromatography was performed with indicated solvents using
silica gel (particle size 3863 um). H and3C NMR spectra were
recorded at 300 MHz fotH and 75 MHz for'3C. Chemical shifts
are reported relative to TMS, calibrated with chloroform or
deuterium oxide. Coupling constaritsre in Hz and are reported
as d (doublet), t (triplet), q (quartet).

Experimental Procedures and Data. 2-(($,2R)-1,2,3-Trihy-
droxypropyl)pyridinium Chloride (4). Compoundl (450 mg, 2.15
mmol) was taken up in dioxane (4 mL), and an equal volume of 2

and absolute configurations were unequivocally established onM aq HCI was added. After the mixture was stirred at room

the basis of published spectra.
In compound9, a hindered group introduced at €hould

shield one face of the molecule during the reduction step. As a

temperature for 2 h, solvents were evaporated in vacuo, and the
residue was dissolved inB, washed with diethyl ether, and freeze-
dried to afford pure ($2R)-1-(2-pyridyl)-1,2,3-trihydroxypropane

4 (420 mg, 95%) as its hydrochloride satl NMR (D,0): ¢ 3.67

result, hydrogen atoms transferred stepwise to the unhindered(m 2H), 3.93 (dt] = 6.0, 4.7, 1H), 5.1 (dJ = 6.0, 1H), 7.95 (t
side should enhance the diastereoselectivity. As depicted inj_ 7_6,’1|L|), 803 (dJ¥'7.é, llH), 854 (t) = 7..6,11H),18..69 (d',

Scheme 4, substrate? with an O-p-toluoyl group at G was

J = 5.8, 1H).13C NMR (D;0): ¢ 61.9, 70.5, 73.9, 126.1, 126.5,

subjected to hydrogenation reaction. The increased steric140.9, 147, 155.3.dlo = —4 (¢ 1, CH:OH). IC(+)MS (MH™)

hindrance at ¢ led to improved de value. The reduction

m/z= 170 (100), 154, 117, 108, 79. Anal. Calcd for181sNOs:

proceeded in a substrate-controlled fashion and gave 95% yieldC, 46.73; H, 5.88; N, 6.81. Found: C, 45.94; H, 5.79; N, 6.20.

of the expected diastereoisoni&rwith a 74% de as determined
by IH NMR.

(1S,2R)-1,2-Dihydroxy-2,3-dihydro-1H-indolizinium Chloride
(5). To a solution of4 (350 mg, 1.7 mmol) and triphenylphosphine

The present methodology has several advantages over clas(669 mg, 2.55 mmol) in anhydrous GEN (30 mL) was added

sical published synthetic routes toward hydroxylated indolizidine
alkaloids derivatives. First, subjecting the pyridinium salts to
Mitsunobu conditions resulted exclusively in indolizidinium
scaffold without purification. This approach illustrates an
original use of Mitsunobu protocol applied to pyridinium

diisopropyl azodicarboxylate (DIAD) (0.51 mL, 2.55 mmol)
dropwise at OC. After the mixture was stirred at room temperature
for 2 h, CH,CN was evaporated, and the residue was dissolved in
H,0, washed with BEO, and freeze-dried to afford pufe (293

mg, 92%) as a white powdetH NMR (D;0): 6 4.8 (m, 1H),
4.87 (m, 2H), 5.53 (dJ = 4.5, 1H), 7.97 (tJ = 8, 1H), 8.11 (d,

compounds. Second, the dihydroxyindolizidine was obtained in 3 = g, 1H), 8.55 (tJ = 8, 1H), 8.8 (d,J = 6.2, 1H).13C NMR

a short and excellent carbon economy pathway in good yield.

Finally, both cyclization and reduction steps are carried out

(CDCly): 6 63.5,70.7,74.5,124.9, 127.5,141.8, 146.7, 157.1. IC-
(+) MS (MH*) m/z = 190, 134 (100), 108, 73. Anal. Calcd for

SCHEME 4. Diastereoselective Synthesis of Protected &gp+Lentiginosine
0 OH OCOCgH4p-Me
~ Z "
N0 oo%  ON Y ~OH oo L_n"OH
OR c OCOCHp-Me o
13 Cl 14
R=H 2 Toluloyl chloride,
= p-Toluoyl12 ridine, CH,CI
p- Yl gg% 2Ll H, / PtO,.H,O
H PCOCHPMe o500 74% de.
©
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CgH1CINO,: C, 51.21; H, 5.37; N, 7.47. Found: C, 50.80; H,
5.65; N, 6.86.

(1S,2R,8aR)-1,2-Dihydroxyoctahydro-1H-indolizinium Chlo-
ride (6). A solution of (1S2R)-1,2-dihydroxy-2,3-dihydro-Hi-
indolizinium chloride5 (240 mg, 1.28 mmol) in ethanol (20 mL)
was stirred overnight at room temperature in the presence of PtO
H,O (41.8 mg, 10% mol) under an atmospheric pressure of
hydrogen. Filtration through a Celite pad and evaporation in vacuo
afforded compoun® (231 mg, 93% vyield) as a white powdéH
NMR (D0): 6 1.4-2.1 (m, 6H), 2.9 (tJ = 11.8, 1H), 3.2 (dJ
=117, 1H), 3.6 (m, 1H), 3.4 (m, 2, 2H), 4.3 &= 2.1, 2H), 4.6
(m, 1H).13C NMR (CDCk): 6 21.6, 23, 23.1, 52.5, 57.8, 68.2,
69.3, 70.6. fJp = — 25 (¢ 1, CH;OH). IC(+)MS (MH*) m/z =
158 (100%). Anal. Calcd for §:6CINO,: C, 49.61; H, 8.33; N,
7.23. Found: C, 49.12; H, 8.39; N, 6.96.

(1S,2R,8aR)-Indolizidine-1,2-diol (7).2° The hydrochloride6
(180 mg, 0.93 mmol) was dissolved in saturated KOH (10 mL)
and extracted with THF (& 15 mL). Drying over KCO; followed
by solvent evaporation afforded compoung139 mg, 95%) as a
white powderH NMR (CDCl): ¢ 1.20 (m, 1H), 1.531.89 (m,
7H), 2.26 (m, 1H), 2.91 (d) = 10.7, 1H), 3.01 (dJ = 10.7, 1H),
3.60-3.90 (br s, 2H), 3.96 (s, 1H), 4.19 (s, 1H¥C NMR
(CDCly): ¢ 23.9, 24.9, 25.0, 53.5, 62.8, 68.4, 69.4, 72dp[=
—36 (c 1, CHOH) (lit.?%2[a]p = — 37.1,c 0.55, CHOH).

2-((1R,2R)-1,2,3-Trihydroxypropyl)pyridinium Chloride (8).
Applying the procedure described for compouhdcetonide? (200
mg, 0.96 mmol) afforded pure tri@ (195 mg, 99%) as a white
powder.'H NMR (D20): ¢ 3.66 (m, 1H), 3.79 (dd) = 11.5, 5.5,
1H), 4.0 (dt,J = 5.6, 2.5, 1H), 5.28 (dJ = 2.25, 1H), 7.96 (tJ
= 6.9, 1H), 8.04 (dJ = 8.28, 1H), 8.54 (dtJ = 7.9, 1.3, 1H),
8.68 (d,J = 5.6, 1H).13C NMR (D;O): ¢ 62.2, 69.9, 74.2, 125.2,
126.3, 140.7, 147.1, 156.20]p = —19 (c 1, CH;OH). IC(+)MS
(MH™) m/z = 226, 212, 170 (100). Anal. Calcd for;E11sNOs:

C, 46.73; H, 5.88; N, 6.81. Found: C, 46.44; H, 5.92; N, 6.38.

(1R,2R)-1,2-Dihydroxy-2,3-dihydro-1H-indolizinium Chloride
(9). Starting from triol 8 (160 mg, 0.78 mmol), the protocol
described for compoun8 gave pure pyridiniun® (143 mg, 98%)
as a white powdefH NMR (CDCl,): 6 4.62 (dd,J =12.9, 5.9,
1H), 4.73 (ddJ = 11.9, 5.6, 1H), 5.08 (dd] = 13, 6.3, 1H), 5.38
(d,J=5.5, 1H), 8.0 (tJ = 6.7, 1H), 8.12 (dJ = 7.9, 1H), 8.55
(t, J=7.8, 1H), 8.79 (dJ = 6.2, 1H).13C NMR (CDCk): ¢ 61.4,
74.6, 77.9, 125.2, 128, 141.7, 147, 1565 = —19 (c 1, CHs-
OH). IE (70 eV) (M") m/z = 152 (100), 131, 122, 114, 99. Anal.
Calcd for GiH1sNO3: C, 51.21; H, 5.37; N, 7.47. Found: C, 50.98;
H, 5.25; N, 7.06.

(1R,2R,8aR)-Octahydroindolizine-1,2-diol Hydrochloride (10a)
and (1R,2R,8aS)-Octahydroindolizine-1,2-diol Hydrochloride
(10b). Using the same procedure described for compaoginithe
pyridinium salt9 (111 mg, 0.59 mmol) providetiOa + 10b (111
mg, 97%) as a white powder.

(1R,2R,8aR)-Octahydroindolizine-1,2-diol (11a) and (R,2R,-
8aS)-Octahydroindolizine-1,2-diol (11b)?* The hydrochloridel0
(61 mg, 0.32 mmol) was dissolved in saturated KOH (5 mL) and
extracted with THF (3x 10 mL). Drying over kKCO; followed by
solvent evaporation afforded a mixture of diastereonidmsand
11bin a 0.8:1 ratio (47 mg, 96%}L1a 'H NMR (D,0): 6 1.16~
1.42 (m, 3H), 1.581.67 (m, 1 H), 1.761.82 (m, 1 H), 1.87%

(20) (a) Paolucci, C.; Mattioli, LJ. Org. Chem.2001, 66, 4787. (b)
Harris, T. M.; Harris, C. M.; Hill, J. E.; Ungemach, F. $. Org. Chem.
1987, 52, 3094.

(21) Nukui, S.; Sodeoka, M.; Sasai, H.; Shibasaki, MOrg. Chem.
1995 60, 398.

JOCNote

1.91 (m, 2 H), 1.952.08 (m, 1 H), 2.57 (ddJ = 11.2, 7.6, 1 H),
2.78 (dd,J = 11.2, 1.4, 1H), 2.91 (br d] = 11.1, 1H), 3.61 (dd,
J=28.7, 4.0, 1H), 4.01 (m, 1H)}3C NMR (CDCk): 9 24.0, 24.8,
28.7,53.5,61.7,70.0, 77.1, 8418Lb. *H NMR (CDCl3): 6 1.25—
1.75 (m, 5 H), 1.86-1.89 (m, 1 H), 2.03-2.14 (m, 2H), 2.25 (m,
1H), 2.90-3.13 (m, 3H), 3.54 (dd) = 9.6, 7.3, 1H), 3.83 (d] =
4.1, 1H), 4.21 (m, 1H)13C NMR (CDCk): ¢ 23.9, 24.5, 25.0,
53.5, 61.7, 66.7, 77.5, 80.5.
(1R)-1-[(4R)-2,2-Dimethyl-1,3-dioxolan-4-yl)(pyridin-2-yl)Jm-
ethyl 4-Methylbenzoate (12).To a solution of compounda (113
mg, 0.54 mmol) andop-toluoyl chloride (94uL, 0.7 mmol) in
dichloromethane (15 mL) was added pyridine (0.13 mL, 1.62 mmol)
at 0 °C, and then the mixture was stirredrfd h at room
temperature. The solution was evaporated, and the residue was
purified by flash chromatography. Eluting with EtOAc/cyclohexane
= 1/2 provided12 (164 mg, 93%) as a colorless ofH NMR
(CDCly): 6 1.4 (s, 3H), 1.5 (s, 3H), 2.4 (s, 3H), 4 (m, 2H), 4.8 (q,
J=6.2,1H), 6.1 (dJ=5.6, 1H), 7.2 (ddJ = 5.2, 7.6, 1H), 7.24
(d,J=8.2,2H),7.4 (dJ=7.6, 1H), 7.7 (dtJ = 1.5, 7.7, 1H),
8.0 (d,J = 8.2, 2H), 8.6 (dJ = 5.2, 1H).13C NMR (CDCh): ¢
21.8, 25.5, 26.6, 66, 76.9, 77, 110.1, 122.1, 123.2, 127.1, 129.2,
130, 136.8, 144.1, 149.4, 156.9, 166.JMS (MH) m/z= 328
(100), 270. HRMS for GH,,NO, (MH'): 328.1549, found
328.1567.
2-[(1R,2R)-2,3-Dihydroxy-1-(4-methylbenzoyloxy)propyl]py-
ridinium Chloride (13). Applying the procedure described for
compound4, acetonidel2 afforded pure dioll3 (139 mg, 90%) as
a white powder!H NMR (D;0): 6 2.4 (s, 3H), 3.8 (m, 2H), 4.2
(d,J=3.1,1H), 6.3 (dJ = 3.1, 1H), 7.4 (dJ = 8.0, 2H), 7.9 (t,
J=6.6, 1H), 8.0 (dJ = 8.0, 2H), 8.1 (dJ = 7.9, 1H), 8.5 (tJ
= 7.9, 1H), 8.7 (dJ = 4.9, 1H).13C NMR (D;0): ¢ 21.2, 61.9,
72.7,73.6,125.2, 125.7, 126.8, 129.8, 130.3, 142.7, 146.6, 146.7,
152.1, 167. IC{) MS (M* without chloride ion)n/z= 288 (100),
282. Anal. Calcd for gH1sCINO4: C, 59.35; H, 5.60; N, 4.33.
Found: C, 59.01; H, 5.65; N, 4.21.
(1R,2R)-2-Hydroxy-1-(4-methylbenzoyloxy)-2,3-dihydro-H-
indolizinium Chloride (14). Starting from diol13 (127 mg, 0.39
mmol), the protocol described for compouidave pure pyridinium
14 (118 mg, 99%) as a white powdétd NMR (D;0): 6 2.4 (s,
3H), 3.8 (m, 2H), 4.2 (dJ = 3.7, 2H), 5.1 (m, 1H), 5.3 (dd] =
5.9, 13.5, 1H), 6.6 (dJ = 3.1, 1H), 7.4 (dJ = 8.2, 2H), 7.9 (d,
J=28.3, 2H), 8.1 (ddJ = 6.6, 7.9, 1H), 8.3 (d) = 7.9, 1H), 8.6
(t, 3= 8.9, 1H), 9 (d,J = 6.6, 1H).
(1R,2R,8aS)-2-Hydroxy-1-(4-methylbenzoyloxy)octahydro-
1H-indolizinium Chloride (15). Using the same procedure de-
scribed for compoun@, the pyridinium salti4 (80 mg, 0.26 mmol)
provided compound5 (77 mg, 95% yield) as a white powdéH
NMR (D20): ¢ 1.4—2.1 (m,>6H, solvent impurities), 2.4 (s, 3H),
3.1 (m, 2H), 3.7 (m, 2H), 4.1 (ddl = 6.9, 12.9, 1H), 4.5 (tJ =
12.6, 1H), 5.3 (dJ = 3.5, 1H), 7.3 (dJ = 8, 2H), 7.9 (dJ = 8,
2H). 13C NMR (D;0): ¢ 21.2, 21.7, 23, 23.3, 53.7, 58.8, 67.2,
72.1,79.4, 1255, 129.8, 130.1, 146.2, 167.1.
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