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featured Bernet-Vasella reaction followed by HoréaesworthEmmons (HWE) reactic
to provide a new chiral building block diene as keg steps. The bicyclic framewobf
this quinolizidine was constructed by using ririgsing metathesis, selective reductio
Keywords: ester and intramolecular nucleophilic substitutiyclization.
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1. Introduction

(+)-Epiquinamide 1) is a quinolizidine alkaloid isolated Ao T S A N
from the skin extracts of an Ecuadorian poisonousg,f — m J—
Epipedobates tricolor." This compound has been reported to

possess nicotinic agonistic activity and considessda lead  (+)-Epiquinamide (1) o

compound for a new nicotinic agent. Due to the lowilakbdity
of the isolated product, many research groups lssm¢hesized

this alkaloid as a single enantiorhand a racemic mixtuten OBn HWE OB | Bernet-Vasella
order to identify its absolute configurations anxhrmine the /\‘/\X\COZEt —_— /YVO —
biological activities™ Several asymmetric compounds including NHBoc NHBoc

amino acid€*? cyclic amines®* and a reduced monosac- 13 12

charidé® were employed as chiral starting materials. In 2608
reinvestigation of its biological activity revealethat (+)- HQ O~OH
P : . . : . . P, O, ..OMe O ..OMe HO
epiquinamide and its stereoisomers are inactivelf@ nicotinic 5 ' — 5K§_Z‘ — «L(;[
receptor subtypes up to 100 fR. The activity previously B HN3 20B H03 ZOB HO™ s OH
discovered is due to the contamination with epiliag¢idn the o " " o
isolation steps. However, other biological activities/e not yet " 3
to be examined. ) o )
Recently, a new method to synthesize oseltamivisphate Scheme 1Retrosynthesis of (+)-epigquinamide frammannose.
(Tamiflu®), an anti-influenza drug, has been depebb by our
group> Commercially available monosaccharides including, In this work, we have applied our reported key readifor
p-mannos& andp-glucosé*** were used as starting materials. the asymmetric synthesis of (+)-epiquinamid® from b-
The key features involved reductive ketal ring dpgnBernet- mannose. An important core structure of (+)-epigunitie would
Vasella reaction, and ring-closing metathesis. be useful for the modification in the synthesisottier bioactive
alkaloids. The key reactions and synthetic methmgies could
be a practical guideline for the application of rasaccharides in
the synthesis of bioactive compounds which is vesgeastial for
drug development.

D-Mannose (2)
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1) Tf20, Py, CH2C|2
O,..OMe -15°C,1h Os,..oMe PPhs, THF, 1t, 2 h O..OMe
3 2) NaN,, DMF then EtsN, H,0O
HO  OBn t, 12 h, 78% N OBn rt, 24 b, 83% RHN  OBn
7
8 2
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TBAF, THF .OMe - I, PPhg, im '
—_— 10, R=0H THF, 0 °Crt
0 °C—rt, 4 h, 83% 1, R=| 12h, 61%
BocHN  OBn
Scheme 2Synthetic approach to 8-protected-5-iodg-aminofuranosidel(l) from o-mannose.
2. Results and discussion
. . . L Bernet-Vasella reaction HWE reaction
As depicted in Scheme 1, we envisaged to obtain em@iqu o
mide from dienel3. This key intermediate should provide a Zn, AcOH =~ EtO,C_PO(OEY,
bicyclic skeleton after an intramolecular cyclipatiand ring- THF/H,0, sonicate BocHN  bBn NaH, THF, 0 °C
closing metathesis. For the synthesis18f we relied on our 40 °C, 30 min 12 1h, 58 %
recently developed strategy involving reductive zydidene ring
opening and Bernet-Vasella reaction followed by Horner OBn 1) TFA, CH,Cl, 0Bn
Wadsworth-Emmons (HWE) reaction of the 5-iodofuradesil. P 0°C~t 1h \ W
The intermediatd 1 could be obtained from did@, which could ~ COEL ") Vinylacetic acid NH oo
be derived fromp-mannose using a modified method previously NHBoc DCC, DMAP, CH,Cl, 14
reported by our group. 13 i, 20 min, 87% o
The synthesis ofl1 began with protection of the primary
alcohol of 3 as TBDPS to provide furanosidle(Scheme 2). To 2" Hoveyda-Grubbs cat. H QB"/ NaBHj, NiCl,
replace the hydroxyl group at C-3 dfby amino group with T T Ay COEt — =
. ) . o CH,Cl,, 40 °C, 2 h MeOH, 0 °C—rt
retention configuration, oxidation of the hydroxgtoup to a 74% NH 5 121 51%
ketone, immediately followed by the conversion tinux5 were 0
attempted. Unfortunately, a general reduction ofrexto amine 0Bn OBn
using NaBH/MoO; provi_ded only_ a trace amount of the desired o CO,R  NaBH,, EtOH :
amino product along with an unidentified complex mixture. To NH —_— NH OH
. . N . 0,
overcome this problem, we decided to introduce thima group 16a. R = Me m, 24 h, 51% 17
via §\2 substitutions with sodium azide. Firstly, the ¢gafation 0 16b R = Et 0
of 3-OH of4 was inverted by activating with J followed by
treating with sodium nitrite to afford in moderate yield.Once 1) MsCl, Et;N, CH,Cl, H OBn H o
the 3¢-OH of 7 was activated again by the same manner, thi 0°C, 30 min : Hy, PA/C, MeOH :
resulting crude triflate was treated with Nafe afford azides, 2) NaH, THF, 50 °C N i, 2 h, 85% N
which established the 2(3s-stereochemistry. The corresponding 30 min, 75% O 1g 0 19

azido group was mildly reduced to an amine by Stayeti
reaction [PP§ THF then NEf, H,O] and subsequently protected
as NHBoc to gived in an excellent yield. After the removal of
the silyl group, the corresponding hydroxyl groupsveanverted
to an iodide by using/PPh/im in THF at room temperature to
give 11in modest yield.

Zn-mediated Bernet-Vasella reaction was employedtHer
opening of the furanoside ring @l as shown in scheme 3. This
step was promoted by acetic acid. The crude aldetigdeas
directly subjected to HWE reaction to afforgB-unsaturated

ester13. Boc protecting group was removed with TFA and the.

resulting amine was coupled with vinylacetic acid pi@vide
triene 14 in good yield. Cyclization ofl4 by ring-closing
metathesis using the"2generation Hoveyda-Grubbs catalyst
provided lactanl5 in good yield. Both double bonds ©5 were

Scheme 3.Synthesis of bicycliclactand9 via Bernetvaselle
reaction, Horner-Wadsworth-Emmons reaction, and cloging
metathesis.

hydrogenated by NaB#NiCl, in MeOH at room temperature.
Transesterification occurred during the reductian dive a
mixture of esterd6aand16b (ratio = 1:1.8).

Selective reduction of the ester containing a lacteng was
investigated using various reducing agents and itond
including NaBH in the presence of Lewis acids (LiCl and
CaCl), DIBAL-H, LiBH,, and LiAlH, at low temperature. None
of the above mentioned reagents gave satisfacesylts. Only



small amount of alcohol product was observed, aleitly a high 2434 H H',@
polar complex mixture. The best result was obtaibgdising 2 z N3
NaBH; in EtOH at room temperature for 24 h to give theladt Q\j/\)j - N — 21b
productl7in 51% vyield. 5 5
The second ring of the quinolizidine skeleton wasstacted 20 20a

by intramolecular nucleophilic substitution. Thulke hydroxyl

group of17 was activated by converting to a mesylate, followedscheme 5A proposed mechanism for the azide substitution of
by treatment with NaH in THF to afford bicyclic compald8. 20 with retention of configuration.

The benzyl protecting group oi8 was easily cleaved by

hydrogenolysis to give alcoh@P (Scheme 3).

y OMs .

MsCl, EtzN, CH,Cl, 5% NaN3, DMF
19 — > —_—
0°C, 1h, 78% N 100 °C, 24 h
0,
5 90%
20
B n 1) LiAIH, THF
> ; reflux, 12 h
+ _—
N N 2) Ac0, NaOH
O 21a O 21p dioxane/H,0
i, 2h . - . s
212:21b = 52 Figure 1. Optimized geometry (distance, A) of the aziridinium

ion intermediate20a for the substitution o0 with NaN;. The
optimization was performed at DFT(B3LYP)/6-311G (dg)el
i NHAC y NHAG of theory.

Lithium aluminium hydride reduction of the azide xtoire

(+)-Epiquinamide (1) (-)-Epiepiquinamide (22) followed by acetylation provided the desired (+)egpnamide
68% 27% (1) in 68% along with the (-gpiepiquinamide 22) in 27% yield
The overall yield of (+)-1 and (-)-22 after chromatographic separation. The physicalspeettroscopic
from 3 are 0.61% and 0.24% data of compoundlL and 22 are in full agreement with the
literature®24-2>2
Scheme 4 Completion of the synthesis of (+)-epiquinamidg ( .
and (-)epiepiquinamide Z2). 3. Conclusion
For the synthesis of (+)-epiquinamidb,(19 was mesylated We have developed a new asymmetric approach to sicces

to give20. The subsequentS reaction 020 with sodium azide both (+)-epiquinamide and (€piepiquinamide from the
was carried out in DMF for 24 h to yield the desirarido commercially available and inexpensive starting enal, o-
product 21a, along with21b as an inseparable diastereomericmannose. Bernet-Vasella and Horner-Wadsworth-Emmons
mixture in 5:2 ratio. (determined b¥H and *C NMR). The (HWE) reactions were used as the key steps to pravidew
stereochemistry was ultimately proven by completibthe total ~ chiral building block13 from the intermediate compour@
synthesis and comparison of the spectra to thertexpalata of Compound13 from this synthetic pathway can be used as an
(+)-epiquinamid& and (-)epiepiquinamid& (Scheme 4). This important chiral building block for the total syedis of
observation is in contrast to the previous pubiirain which the  iminosugars with potentially useful biological adies, which is
authors reporte@llaas a single isomer in 50% vyield in the trans-currently under investigation in our laboratory.

formation from alcoho1 9.

In the course of our investigation on the azidatain20, 4. Experimental
DMSO was selected as a solvent due to improved sijubil
sodium azide. The reaction at 8D for 12 h provided the same 4.1. General
result as that of DMF.

We have proposed the mechanism for the transfoomatf Starting materials and reagents were obtained from
20 to 21a and21b. The product2la was obtained via an,8  commercial sources and used without further putifica
reaction; whereas the diastereon?dib was generated through Solvents were dried by distillation from appropriateying
the aziridinium ion intermediat@0a which was presumably reagents immediately prior to use. Dry methanotatstdrofuran
formed upon the dissociation of the mesylate legvimoup and dichloromethane were distilled from magnesium,
(Scheme 5). The latter mechanism is supported byDRFT  sodium/benzophenone and calcium hydride, respégtiveder
calculations. Upon geometry optimization, the duite of the  nitrogen atmosphere. Moisture- and air-sensitivaetiens were
intermediate indicated a short distance betweenithegen atom  carried out under an atmosphere of nitrogen. Remadfiasks
and the C1 carbon (1.54 A in Figure 1), indicatiietbe  were oven dried overnight. Unless otherwise stated,
formation of aziridinium ionZ0a) through the neighboring group concentration under reduced pressure refers to taryro
participation from the nitrogen lone pair electrons evaporator with water aspirator. Analytical thin-layer

chromatography (TLC) was conducted using MERCK mrated
TLC plates (silica gel 60 F-254). Compounds weraialized
under ultraviolet light followed by heating the @atfter dipping
in 3% solution of vanillin in 0.1 M k80, in EtOH and/or 1%



4
KMnQ, in 0.4 M KCQO; and 0.025 M NaOH. Flash column
chromatography was carried out using SiliaFlash@gular
silica gels, F60, 40-63 pm (230—-400 mesh). Protah @arbon
nuclear magnetic resonance (NMR) spectra were daatailsing
Bruker Avance NanoBay 400 Mz spectrometer in GPCI
Chemical shifts were recorded &salues in ppm. The peak due
to residual CHGJ (7.26 ppm for'H and 77.16 ppm fol’C) was
used as the internal reference. Coupling constBntajues were
given in Hertz (Hz), and multiplicity was defined afidws: br =
broad, s = singlet, d = doublet, t = triplet, q waget, dd =
doublet of doublets, dt = doublet of triplets, tdtrplet of
doublets, ddd = doublet of doublet of doublets, dtdoublet of
triplet of doublets and m = multiplet. The specifiotations

([o]] ) were measured with Polax-2L polarimeter and reporte

with the concentration in g/100 éminfrared (IR) spectra were
recorded in cit on Perkin-Elmer system 2000 FT-IR
spectrometer. The high resolution mass spectra (HRMSe
recorded from Bruker, microTOF (Bruker Daltonics,eBren,
Germany) in the electrospray positive ionization edgSr).

Tetrahedron

4.2.2. Methyl 2,3-O-benzylidene-a-p-lyxofuranoside®

To a solution of methyl 2,8-benzylidenex-p-mannofura-
noside (1.83 g, 6.50 mmol) in MeOH (40 mL) was added a
solution of NalQ (1.53 g, 7.15 mmol) in water (10 mL). The
reaction mixture was stirred at room temperature8tbmin. The
white solid was filtered off through celite and tfikrate was
concentrated under reduced pressure. The residueisssved
in CH,Cl,, washed with water, dried (B#0,) and concentrated
to afford a crude aldehyde as a colorless oil. Bolation of the
crude aldehyde in EtOH (38 mL) was added NaBBD5 mg,
8.06 mmol) and then stirred at room temperature3far EtOAc
(6 mL) was added and the reaction mixture was coreteol
under reduced pressure. The residue was quenchedatithaq
NaHCGQO, extracted with CkCl,, dried (NaSQ,) and concen-
trated. The crude product was purified by silicafigsh column
chromatography (30% EtOAc/hexane) to afford the atoh
product (Methyl 2,39-benzylidenes-p-lyxofuranoside) (1.51 g,
92%) as a colorless oil; a mixture of two isomeegi¢ 1:0.87);
R 0.35 (40% EtOAc/hexane); FTIR (neat)., cm - 3444,

Melting points (mp) were determined on Electrothdrma 3066, 2937, 1723, 1602, 1460; For the major isofhemMMR

MelTemp® 1002 melting point apparatus and repoirtedegrees
Celcius {C).

4.2. Experimental procedure
4.2.1. Methyl 2,3-O-benzylidene-a-p-mannofuranoside®

To a suspension af-mannose?) (1.0 g, 5.56 mmol) in dry
MeOH (8 mL) was added benzaldehyde dimethylacetahi(6
40 mmol) followed byp-TsOH (200 mg, 1.16 mmol). The
mixture was stirred at room temperature for 20 nkilexane
(5 mL) was added and the reaction mixture was refluxéh
Dean-Stark apparatus until the solvents were remolgd
azeotropic distillation. The reaction mixture wasolea and
neutralized by satd ag NaHGQ.0 mL), extracted with C}Cl,,

dried (NaSQ,) and concentrated under reduced pressure. The

crude product was used in the next step without ipatibn; R
0.30 (10% EtOAc/hexan@)A solution of crude methyl 2,3,5,6-
di-O-benzylidenes-p-mannofuranosidén MeOH (20 mL) was
added 1.5% HCI (6 mL). The reaction mixture was etirat
room temperature for 3 h and then neutralized witimania
solution. Solvent was removed under reduced pressudethe
residue was extracted with GEl,. The organic layer was
collected, dried (N&0O,) and concentrated to obtain a yellow oil.
Purification by silica gel flash column chromatoghg (50%
EtOAc/hexane) gave the diol product (Methyl B3-

(400 MHz, CDC}) ¢ 7.51-7.36 (m, 5H), 5.75 (s, 1H), 5.12 (s,
1H), 4.84 (dd,) = 6.2, 3.7 Hz, 1H), 4.67 (d,= 6.2 Hz, 1H), 4.16
(td, J = 5.4, 3.7 Hz, 1H), 4.05-3.93 (m, 2H), 3.38 (s, 3H}262
(br s, 1H);**C NMR (100 MHz, CDCJ) ¢ 135.8, 130.1, 128.6,
127.1, 106.8, 106.5, 85.8, 81.1, 79.6, 61.1, 5Bd; the minor
isomer:'H NMR (400 MHz, CDCJ) ¢ 7.49-7.36 (m, 5H), 5.94
(s, 1H), 5.10 (s, 1H), 4.87 (dd,= 5.5, 3.7 Hz, 1H), 4.74 (d,=
5.5 Hz, 1H), 4.14 (td) = 5.4, 3.7 Hz, 1H), 4.02 (d,= 5.4 Hz,
2H), 3.38 (s, 3H), 2.20 (br s, 1H¥C NMR (100 MHz, CDG)) &
136.4, 129.9, 128.6, 126.7, 107.3, 105.8, 84.92,880.1, 61.1,
54.8; HRMS (ESI-TOF)mz calcd for GaH;gNaQ; [M+Na]
275.0890, found 275.0894.

4.2.3. Methyl 2-O-benzyl-a-p-lyxofuranoside (3)'*°

BH;3Me, (1.7 mL, 18.24 mmol) was added dropwise to a
cooled solution of methyl 2,8-benzylidenes-p-lyxofuranoside
(2.51 g, 5.99 mmol) in dry THF (30 mL) under nitesgatmos-
phere. The mixture was stirred for 30 min at roomgerature.
Cu(OTf), (325 mg, 0.898 mmol) was added and the reaction
mixture was stirred for 1 h. Satd aq NaHG@s slowly added
and the mixture was concentrated under reduced yrees§he
residue was extracted with QEl,, dried (NaSQ,), concen-
trated, and purified by silica gel flash column amatography
(50% EtOAc/hexane) to give di8 (1.08 g, 71%) as a colorless

benzylidenes-p-mannofuranoside) (1.2 g, 76%) as a colorlesili R 0.15 (40% EtOAc/hexane]p]g’ +33.3 € 0.75, CHCLy);

oil; a mixture of two isomers (ratio = 1:0.8%; 0.15 and 0.17
(40% EtOAc/hexane); FTIR (neat)ay cmt 3417, 3067, 2935,
1723, 1602, 1460; For the major isom#t: NMR (400 MHz,
CDCly) 6 7.50-7.34 (m, 5H), 5.75 (s, 1H), 5.06 (s, 1H), 4@, (
J=6.2, 3.6 Hz, 1H), 4.63 (d,= 6.2 Hz, 1H), 4.06 (ddd] = 8.3,
6.2, 3.3 Hz, 1H), 4.01 (dd} = 8.3, 3.6 Hz, 1H), 3.85 (dd, =
11.5, 3.3 Hz, 1H), 3.71 (dd,= 11.5, 6.2 Hz, 1H), 3.33 (s, 3H),
3.00 (br s, 2H):”C NMR (100 MHz, CDG)) ¢ 135.7, 130.1,
128.6, 127.1, 106.9, 106.3, 85.3, 80.9, 79.2, 7#13%, 54.8; For
the minor isomer'H NMR (400 MHz, CDCJ) § 7.50-7.34 (m,
5H), 5.92 (s, 1H), 5.05 (s, 1H), 4.92 (ddb= 5.6, 3.6 Hz, 1H),
4.71 (d,J = 5.6 Hz, 1H), 4.07 (ddd] = 8.3, 5.8, 3.2 Hz, 1H),
3.95 (dd,J = 8.3, 3.6 Hz, 1H), 3.88 (dd,= 11.5, 3.2 Hz, 1H),
3.70 (dd,J = 11.5, 5.8 Hz, 1H), 3.32 (s, 3H), 3.00 (br s, 2,
NMR (100 MHz, CDC)) ¢ 136.3, 129.9, 128.6, 126.7, 107.4,
105.8, 84.5, 80.1, 79.7, 70.1, 64.5, 54.6; HRMS {ESF), m/z
calcd for GH.gNaQ; [M+Na]* 305.0996, found 305.1006.

FTIR (neat)vma, cm 3434, 3063, 2932, 1606, 1454 NMR

(400 MHz, CDC}) 6 7.39-7.29 (m, 5H), 4.94 (d,= 1.5 Hz, 1H),
4.70 (d,J = 11.6 Hz, 1H), 4.65 (d} = 11.6 Hz, 1H), 4.47 (df =

7.2, 5.5 Hz, 1H), 4.12 (df, = 5.5, 4.0 Hz, 1H), 3.91 (dd,= 5.5,
1.5 Hz, 1H), 3.90-3.86 (m, 2H), 3.35 (s, 3H), 3.16)(d,7.2 Hz,
1H,), 2.64 (t,J = 5.9 Hz, 1H,);°C NMR (100 MHz, CDG)) ¢

137.0, 128.8, 128.4, 128.0, 105.9, 82.6, 79.2,,7820, 61.7,
55.4; HRMS (ESI-TOF),m/z calcd for GsH,gNaQ; [M+Na]*

277.1046, found 277.1061.

4.24. Methyl 2-O-benzyl-5-O-(tert-butyldiphenyl)silyl-a-p-lyxo
furanoside (4)

TBDPSCI(0.94 mL, 3.61 mmol) was added to a solution of
diol 3 (764 mg, 3.01 mmol), imidazole (408 mg, 6.01 mmai)d
DMAP (36 mg, 0.30 mmol) in dry C&l, (30 mL) under
nitrogen atmosphere. The reaction mixture was sgtieleroom
temperature for 3 h and then quenched with satd agCNH
extracted with CKHCl,, dried (NaSQ,) and concentrated under



reduced pressure. The crude product was purifiedilma gel
flash column chromatography (5-10% EtOAc/hexane) it@ g
alcohol4 (1.37 g, 93%) as a colorless d#; 0.35 (10% EtOAc/

hexane); [0]2°+86.5 € 0.17, CHCL,); FTIR (neat)vya, cm

3520, 3069, 2930, 1777, 1589, 147H NMR (400 MHz,
CDCl,) 6 7.80-7.64 (m, 4H), 7.50-7.32 (m, 11H), 4.98 I
2.7 Hz, 1H), 4.67 (s, 2H), 4.34 (= 5.0, 3.8 Hz, 1H), 4.16 (td,
J=5.6, 3.8 Hz, 1H), 4.05 (dd,= 10.6, 5.6 Hz, 1H), 3.96 (dd,
= 5.0, 2.7 Hz, 1H), 3.92 (dd,= 10.6, 5.6 Hz, 1H), 3.38 (s, 3H),
2.82 (d,J = 5.0 Hz, 1H), 1.07 (s, 9H)C NMR (100 MHz,
CDCly) ¢ 137.3, 135.8, 135.7, 133.6, 133.5, 129.8, 1288,2,
128.1, 127.8, 107.2, 84.3, 80.8, 73.0, 70.9, &5, 26.9, 19.4;
HRMS (ESI-TOF), mVz calcd for GgHzNaQSi [M+Na]®
515.2224, found 515.2218.

425. Methyl 2-O-benzyl-3-oxime-3-deoxy-5-O-(tert-butyl di
phenyl)silyl-a-p-lyxofuranoside (5)

To a cooled suspension of TCCA (188 mg, 0.81 mril)
CH,Cl, (2 mL) was added TEMPO (2.5 mg, 1@énol). The
solution of alcoho# (200 mg, 0.41 mmol) in C}€l, (2 mL) was
added dropwise and the reaction mixture was stirtedi°€ for
30 min. The white solid was removed by filtrationaihgh celite
and the filtrate was concentrated under reducedspresto
provide a crude ketone as a yellow ol 0.42 (10%

5
reduced pressure. The crude product was purifiesilima gel
flash column chromatography (10-20% EtOAc/hexanejive
alcohol7 (1.02 g, 69%) as a colorless d#; 0.20 (10% EtOAc/

hexane); [0]2>-13.0 ¢ 0.39, CHCI,) (reported +34 ¢ 0.2,

CHCl)); FTIR (neat)vax cm': 3452, 3070, 2955, 1589, 1427;
'"H NMR (400 MHz, CDC)) 6 7.78-7.63 (m, 4H), 7.51-7.26 (m,
11H), 4.92 (dJ = 1.1 Hz, 1H), 4.59 (d] = 11.8 Hz, 1H), 4.55 (d,
J=11.8 Hz, 1H), 4.18 (ddd,= 7.5, 5.2, 2.7 Hz, 1H), 4.11 (ck,
=6.9, 5.2 Hz, 1H), 3.91 (dd,= 2.7, 1.1 Hz, 1H), 3.88 (dd,=
10.4, 5.2 Hz, 1H), 3.77 (dd,= 10.4, 6.9 Hz, 1H), 3.37 (s, 3H),
2.39 (d,J = 7.5 Hz, 1H), 1.08 (s, 9H)*C NMR (100 MHz,
CDCly) ¢ 137.7, 135.7, 133.4, 129.9, 128.6, 127.9, 12708,2,
88.4, 84.7, 76.9, 72.0, 64.5, 55.1, 27.0, 19.4; HRHESI-TOF),
mvz calcd for GgHzgNaQ;Si [M+Na]” 515.2224, found 515.2233.

4.2.7. Methyl 2-0O-benzyl-3-azido-3-deoxy-5-O-(tert-butyl
diphenyl)silyl-a-p-lyxofuranoside (8)

To a solution of alcohol (261 mg, 0.53 mmol) and pyridine
(0.09 mL, 1.14 mmol) in dry C}l, (1.32 mL) at —-15°C was
added T§O (0.1 mL, 0.58 mmol). After stirring for 1 h, a few
drops of MeOH was added. The mixture was quenched with
water, extracted with C}l,, dried (NaSQ,) and concentrated
under reduced pressure to give a crude triflate gellow oil.
The crude triflate was dissolved in DMF (0.88 mL). Ngii71

EtOAc/hexane). The crude ketone was dissolved in EtOH (ing, 2.63 mmol) was added and the reaction mixture stieed
mL), and NHOHMECI (50 mg, 0.72 mmol) was then added, at room temperature for 12 h. Water was added andetbulting

followed by pyridine (0.3 mL, 3.72 mmol). The reactimixture
was stirred at room temperature for 2 h. The solwsas
removed under reduced pressure. The residue waseidsin
CH,CI,, washed with water, dried (M&0O,), concentrated and
purified by silica gel flash column chromatograpli$0%
EtOAc/hexane) to provide two isomers of oximes (174 85§6)
as a colorless 0iR; 0.25 (10% EtOAc/hexane); FTIR (neaf).y,
cm™: 3354, 3070, 2931, 1589, 147&ime isomer t '*H NMR

(400 MHz, CDCY) 6 8.37 (s, 1H), 7.81~7.68 (m, 4H), 7.48-7.33

(m, 6H), 7.34-7.21 (m, 5H), 5.06 (s, 1H), 4.70-4.56 4),
3.99 (dd,J = 11.0, 6.6 Hz, 1H), 3.92 (dd,= 11.0, 4.2 Hz, 1H),
3.39 (s, 3H), 1.10 (s, 9HI*C NMR (100 MHz, CDG)) § 159.0,
137.9, 135.9, 135.8, 133.7, 133.5, 129.7, 128.4,912127.8,
127.7, 106.5, 77.8, 75.8, 72.7, 66.3, 54.6, 26@4;loxime
isomer II: '"H NMR (400 MHz, CDCJ) 6 8.04 (s, 1H), 7.87-7.65
(m, 4H), 7.47-7.34 (m, 6H), 7.32-7.17 (m, 5H), 5.101¢d),
4.97 (ddJ = 6.2, 2.9 Hz, 1H), 4.65 (d,= 12.0 Hz, 1H), 4.48 (d,
J =12.0 Hz, 1H), 4.21-4.07 (m, 2H), 4.03 (dd; 10.9, 6.2 Hz,
1H), 3.41 (s, 3H), 1.09 (s, 9H}’C NMR (100 MHz, CDG)) ¢
159.0, 137.4, 135.9, 135.8, 133.7, 133.5, 129.B.512128.1,
127.8, 127.7, 106.1, 79.7, 77.4, 70.3, 64.0, 52R9, 19.4;
HRMS (ESI-TOF), m/z calcd for GeHzsNNaQSi [M+Na]
528.2177, found 528.2171.

4.2.6. Methyl 2-O-benzyl-5-O-(tert-butyl diphenyl)silyl-a-p-arabi-
nofuranoside (7)’

To a -15°C solution of alcoho# (1.46 g, 2.97 mmol) and
pyridine (0.63 mL, 7.72 mmol) in dry GBI, (9 mL) was added
Tf,O (0.60 mL, 3.56 mmol). The reaction mixture wasratirat
the same temperature for 1 h. A few drops of MeOH \adied
followed by water. The organic layer was combinedediri

(Na,SO,) and concentrated under reduced pressure to give

crude triflate as a yellow oil. The crude triflate sndissolved in

DMF (7.4 mL) and NaN®(246 mg, 3.56 mmol) was added. The
reaction mixture was stirred at 4Q for 24 h. Water was added

and the resulting mixture was extracted with,CH The organic

mixture was extracted with CBl,. The organic layer was
combined, dried (N&O,) and concentrated under reduced
pressure. The crude product was purified by silieh ftash
column chromatography (5% EtOAc/hexane) to give afide
(214 mg, 78%) as a colorless d; 0.35 (5% EtOAc/hexane);

[@]% -34.5 € 0.15, CHC,); FTIR (neatya, cMi™: 3070, 2955,

2108, 1589, 1427H NMR (400 MHz, CDC}) ¢ 7.76-7.63 (m,
4H), 7.52-7.29 (m, 11H), 4.96 (d,= 3.8 Hz, 1H), 4.69 (dJ =
11.8 Hz, 1H), 4.66 (d) = 11.8 Hz, 1H), 4.25 (ddd, = 7.1, 6.0,
3.2 Hz, 1H), 4.14 (dd] = 5.1, 3.8 Hz, 1H), 4.01 (dd,= 5.1, 3.2
Hz, 1H), 3.92 (dd) = 10.3, 7.1 Hz, 1H), 3.87 (dd,= 10.3, 6.0
Hz, 1H), 3.38 (s, 3H), 1.07 (s, 9HJC NMR (100 MHz, CDG))
6 137.3, 135.7, 133.4, 129.9, 128.6, 128.1, 127(7,5, 85.6,
79.4, 73.0, 63.2, 62.3, 56.2, 26.9, 19.4; HRMS (ESF), m/z
calcd for GgHasNsNaQ,Si [M+Na]* 540.2289, found 540.2296.

4.2.8. Methyl 2-O-benzyl-3-amino-3-deoxy-5-O-(tert-butyldiphe-
nyl)silyl-a-p-lyxofuranoside (6)

Method A: reduction of oxime 5. To a cooled solution of
oxime5 (100 mg, 0.20 mmol) and Ma@40 mg, 0.28 mmol) in
MeOH (2 mL) was added NaBH(75 mg, 1.98 mmol)
portionwise. After stirring at room temperature fd@ 8in, the
starting material was completely consumed and & @mawount of
the amine product was formed along with an unidemtifi
complex mixture.

Method B: Saudinger reduction of azide 8. To a solution of
azide8 (102 mg, 0.197 mmol) in THF (3.5 mL) was added Ph
(103 mg, 0.39 mmol). The reaction mixture was dira¢ room
temperature for 2 h. B (0.08 mL, 0.59 mmol) and water (0.3
mL) were added and the mixture was stirred at roonpézature
for 24 h and then poured into water and extracteti WtOAC.

e organic layer was combined, dried {8@;) and
concentrated under reduced pressure. The crudeugiradas
purified by silica gel flash column chromatograpli§0%
EtOAc/hexane) to give amin@ (80.1 mg, 83%) as a colorless

layer was combined, dried (MgO,) and concentrated under Oil; R 0.45 (50% EtOAc/hexane]p]g’+21.3 € 0.24, CHCLy);
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FTIR (Neatlvpa, cmi: 3394, 3329, 3069, 2930, 1589, 1447;
NMR (400 MHz, CDC)) 6 7.72-7.65 (m, 4H), 7.47-7.27 (m,
11H), 4.94 (dJ = 2.6 Hz, 1H), 4.65 (d] = 11.8 Hz, 1H), 4.58 (d,

J=11.8 Hz, 1H), 4.19 (ddd,= 6.6, 5.9, 5.1 Hz, 1H), 3.95 (dd,
= 10.6, 6.6 Hz, 1H), 3.89 (dd,= 10.6, 5.9 Hz, 1H), 3.88 (dd=
5.1, 2.6 Hz, 1H), 3.66 (f = 5.1 Hz, 1H), 3.38 (s, 3H), 1.36 (br s,
2H), 1.07 (s, 9H)*C NMR (100 MHz, CDCJ) § 137.9, 135.7,
133.6, 133.5, 129.8, 128.5, 127.9, 127.8, 106.8,8D.3, 72.7,
63.0, 55.7, 53.7, 27.0, 19.4; HRMS (ESI-TOR)z calcd for
CogHagNO,Si [M+H]* 492.2565, found 492.2575.

4.2.9. Methyl 2-O-benzyl-3-(tert-butoxycar bonyl)amino-3-deoxy-
5-O-(tert-butyldiphenyl)silyl-a-p-lyxofuranoside (9)

To a solution of amin® (623 mg, 1.26 mmol) in MeOH (5
mL) was added BgO® (412 mg, 1.89 mmol) at room tempera-
ture. After stirring for 2 h, the solvent was removedder

Tetrahedron

pressure. The crude product was purified by silied ftash
column chromatography (10% EtOAc/hexane) to givededil
(227 mg, 61%) as a white solid (recrystallized froexane; mp

83-84 °C);R 0.28 (10% EtOAc/hexane)u]® +185.2 ¢ 0.38,

CH,CL,); FTIR (film) vinae cm'’: 3367, 3064, 2977, 1714, 1520;
'H NMR (400 MHz, CDC)) § 7.42-7.29 (m, 5H), 5.03 (d, =
8.5 Hz, 1H), 4.92 (dJ = 0.7 Hz, 1H), 4.60 (d] = 11.5 Hz, 1H),
4.51 (d,J = 11.5 Hz, 1H), 4.54-4.48 (m, 1H), 4.37 (ddd& 9.1,
6.1, 4.4 Hz, 1H), 3.98 (dd,= 5.6, 0.7 Hz, 1H), 3.36 (s, 3H), 3.25
(dd,J = 10.2, 4.4 Hz, 1H), 3.16 (dd,= 10.2, 9.1 Hz, 1H), 1.44
(s, 9H); °C NMR (100 MHz, CDG) ¢ 155.6, 137.0, 128.7,
128.2, 128.0, 104.9, 83.0, 80.1, 79.5, 72.9, 55322, 28.4, 3.6;
HRMS (ESI-TOF), mz calcd for GgH,dNNaO; [M+Na]®
486.0748, found 486.0756.

4.2.12.

(4R 5SE)-ethyl  4-(benzyloxy)-5-((tert-butoxycarbonyl)

reduced pressure. The residue was quenched with watéino)hepta-2,6-dienoate (13)

extracted with CECI,, dried (NaSQ,), concentrated and purified
by silica gel flash column chromatography (10% EtOw&ane)
to give 9 (735 mg, 98%) as a colorless o 0.25 (10%

EtOAc/hexane);[0]2° +26.3 € 0.57, CHCL,); FTIR (neat)vmay

cm: 3420, 3070, 2958, 1715, 15044 NMR (400 MHz,
CDCL) 6 7.74-7.67 (m, 4H), 7.48-7.26 (m, 11H), 5.50 Jd&s
8.9 Hz, 1H), 4.89 (s, 1H), 4.62—-4.54 (m, 1H), 4.572(4), 4.25
(dt,J = 6.6, 5.2 Hz, 1H), 3.95 (d,= 5.7 Hz, 1H), 3.91 (dd] =
11.1, 5.2 Hz, 1H), 3.75 (dd,= 11.1, 5.2 Hz, 1H), 3.33 (s, 3H),
1.41 (s, 9H), 1.04 (s, 9HJ’C NMR (100 MHz, CDCJ) § 155.9,
137.8, 135.8, 133.5, 133.3, 129.8, 129.7, 128.5,912127.8,
106.1, 82.5, 79.5, 78.4, 73.0, 63.8, 55.1, 52.85,286.8, 19.3;
HRMS (ESI-TOF), miz calcd for GH,;NNaQ;Si [M+Na]"
614.2908, found 614.2915.

4.2.10. Methyl 2-O-benzyl-3-(tert-butoxycarbonyl)amino-3-deoxy
-a-p-lyxofuranoside (10)

TBAF solution (1 M in THF, 1.35 mL, 1.35 mmol) wadded
dropwise to a cooled solution 6f(666 mg, 1.12 mmol) in THF
(10 mL). The reaction mixture was stirred at roommperature

lodide 11 (445 mg, 0.96 mmol) was dissolved in THEIH
(2:1 vlv, 7.3 mL). Activated zinc dust (630 mg, 31®mol) was
added followed by 50% acetic acid (0.15 mL, 1.31 Mnmbhe
reaction mixture was sonicated for 30 min and thitleréd
through celite. The filtrate was extracted with LCH. The
organic layer was combined, dried ¢S&),) and concentrated
under reduced pressure to afford crude aldefigdes a colorless
oil; R0.15 (10% EtOAc/hexane). To a suspension of NaH (60 %
dispersion in mineral oil, 57 mg, 1.44 mmol) in didF (2 mL)
at 0 °C was added triethyl phosphonoacetate (0.23 mL, 1.15
mmol) dropwise. After stirring for 15 min, a solutiaf crude
aldehyde 12 in dry THF (1 mL) was added dropwise. The
reaction mixture was stirred at°@ for 1 h. Water was slowly
added and the mixture was extracted with,Clsl The organic
layer was combined, dried (b&0,), and concentrated under
reduced pressure. The crude product was purifiedilma gel
flash column chromatography (10% EtOAc/hexane) te gister
13(211.2 mg, 58 %) as a white solid (recrystallizedhf hexane;

mp 78.0-78.5 °C)R 0.42 (20% EtOAc/hexane]p]? +47.1 ¢
0.32, CHCL,); FTIR (film) vpas it 3362, 3065, 2979, 1716,

for 4 h. Satd aq N4CI was added and the mixture was extractedl497; 'H NMR (400 MHz, CDCJ) 5 7.38-7.28 (m, 5H), 6.82

with CH,Cl,. The organic layer was combined, dried {8&,),
and concentrated under reduced pressure. The prodact was
purified by silica gel flash column chromatograp{80—-40%
EtOAc/hexane) to give alcohdD (330 mg, 83%) as a colorless

oil; R 0.25 (30% EtOAc/hexane]p] -48.4 € 0.10, CHCL));

FTIR (neat)vma, CM 5 3433, 3064, 3031, 2976, 1712, 156H4;
NMR (400 MHz, CDC)) ¢ 7.42—-7.28 (m, 5H), 5.34 (d,= 7.7
Hz, 1H), 4.87 (dJ = 0.9 Hz, 1H), 4.63 (d] = 11.6 Hz, 1H), 4.56
(d,J = 11.6 Hz, 1H), 4.51 (ddd} = 7.7, 6.3, 5.5 Hz, 1H), 4.23
(ddd,J = 6.3, 5.2, 3.7 Hz, 1H), 3.96 (dd,= 5.5, 0.9 Hz, 1H),
3.71 (dd,J = 12.0, 5.2 Hz, 1H), 3.62 (dd,= 12.0, 3.7 Hz, 1H),
3.33 (s, 3H), 1.45 (s, 9HY*C NMR (100 MHz, CDCJ) § 156.8,
136.9, 128.7, 128.3, 128.0, 105.5, 81.8, 80.3,,7831, 60.9,
55.2, 52.5, 28.4; HRMS (ESI-TOR)yz calcd for GgH,,NNaQ;
[M+Na]* 376.1731, found 376.1754.

4.2.11. Methyl 2-O-benzyl-3-(tert-butoxycarbonyl)amino-3-deoxy
-5-iodo-5-deoxy-a-p-lyxofuranoside (11)

To a cooled solution of alcohD (281 mg, 0.79 mmol), PRh
(500 mg, 1.97 mmol), and imidazole (162 mg, 2.38afim dry
THF (3.2 mL) was added portionwisge (484 mg, 1.91 mmol).
After stirring for 12 h, the reaction mixture wasuped into satd
ag NaS,0; and extracted with C}€l,. The organic layer was

(dd,J = 15.8, 5.9 Hz, 1H), 6.09 (d,= 15.8 Hz, 1H), 5.83 (ddd,
=16.8, 10.5, 6.0 Hz, 1H), 5.26-5.19 (m, 2H), 4.84)(d,6.3 Hz,
1H), 4.64 (dJ = 11.9 Hz, 1H), 4.41 (d = 11.9 Hz, 1H), 4.34 (br
s, 1H), 4.21 (q) = 7.1 Hz, 2H), 4.17-4.11 (m, 1H), 1.42 (s, 9H),
1.30 (t,J = 7.1 Hz, 3H);"*C NMR (100 MHz, CDCJ) 6 165.9,
155.3, 144.3, 137.7, 133.7, 128.6, 128.0, 127.9.312117.6,
79.9, 71.6, 60.8, 55.7, 28.5, 14.3; HRMS (ESI-TQf);, calcd
for C,;H,gNNaQ; [M+Na]* 398.1938, found 398.1956.

4.2.13. (4R55E)-ethyl
2,6-dienoate (14)

4-(benzyl oxy)-5-(but-3-enamido)hepta-

To a cooled solution of ester3 (188 mg, 0.50 mmol) in
CH.Cl, (2 mL) was added TFA (1 mL, 13.06 mmol). The
reaction mixture was stirred at room temperaturelfar Satd aq
NaHCO; was added and the mixture was extracted witbGTH
The organic layer was combined, dried {81@,), concentrated
under reduced pressure. The crude amine was digsalve
CH,CI, (5 mL). DCC (124 mg, 0.60 mmol) and DMAP (6 mg,
0.05 mmol) were added followed by vinylacetic aciddfdmL,
0.59 mmol). The reaction mixture was stirred at raempera-
ture for 20 min. The white solid was filtered off dlgh celite.
The filtrate was quenched with satd ag NaHCéxtracted with
CH,ClI,, dried (NaSQ,) and concentrated under reduced pressure.
The crude product was purified by silica gel flasblumn

combined, dried (N&Q,), and concentrated under reducedchromatography (30% EtOAc/hexane) to give antid¢151 mg,



87%) as a white solid (recrystallized from hexamg; 58.0-58.5
°C); R 0.27 (30% EtOAc/hexane]p]Z’ —99.3 € 0.25, CHCL);

FTIR (film) vmay, cmi ™ 3296, 3065, 2983, 1720, 1654, 1538;
NMR (400 MHz, CDC}) § 7.40-7.28 (m, 5H), 6.82 (dd, =
15.8, 5.8 Hz, 1H), 6.10 (dd,= 15.8, 1.4 Hz, 1H), 5.91-5.77 (m,
3H), 5.24-5.16 (m, 4H), 4.68-4.63 (m, 1H), 4.65)¢,11.9 Hz,
1H), 4.34 (dJ = 11.9 Hz, 1H), 4.22 (q) = 7.1 Hz, 2H), 4.15
(ddd,J = 5.8, 3.4, 1.4 Hz, 1H), 2.92 (@= 6.9 Hz, 2H), 1.31 ()

= 7.1 Hz, 3H);”*C NMR (100 MHz, CDGJ)) 5 169.8, 165.9,
144.0, 137.5, 132.8, 131.2, 128.7, 128.2, 128.14.412120.1,
118.3, 79.4, 71.6, 60.8, 54.1, 41.7, 14.3; HRMS {ESF), m/z
calcd for GgHsNNaQ, [M+Na]* 366.1676, found 366.1697.

4.2.14. (R E)-ethyl 4-(benzyloxy)-4-((S)-6-oxo-1,2,5,6-tetrahydro-
pyridin-2-yl)but-2-enoate (15)

To a solution of amidé&4 (45 mg, 0.13 mmol) in dry Ci&l,
(4 mL) was added Hoveyda-Grubbs catalyst generation (4
mg, 6.7 umol, 5 mol%). The reaction mixture wasratirat 40
°C for 2 h under argon atmosphere. The solvent wamved
under reduced pressure. The crude product was guitify silica
gel flash column chromatography (3% MeOHACH) to give

lactam 15 (31 mg, 74%) as a white solid (recrystallized from4.2.17.

hexane; mp 109-110 °CRr 0.37 (3% MeOH/CKLCL); [0]Z

-122.4 € 0.082, CHCL,); FTIR (film) vy, CMi: 3224, 3045,
2984, 1718, 1663, 145%H NMR (400 MHz, CDCJ) § 7.40—

7.16 (m, 5H), 6.71 (dd] = 15.8, 6.3 Hz, 1H), 6.32 (s, 1H), 6.02

(dd,J = 15.8, 1.2 Hz, 1H), 5.79 (dtd,= 10.1, 3.5, 1.8 Hz, 1H),
5.69-5.48 (m, 1H), 4.56 (d,= 11.8 Hz, 1H), 4.35 (d] = 11.8
Hz, 1H), 4.29-4.20 (m, 1H), 4.13 @= 7.1 Hz, 2H), 3.97 (ddd,
J=6.3, 3.9, 1.2 Hz, 1H), 2.90-2.75 (m, 2H), 1.22&,7.1 Hz,
3H); C NMR (100 MHz, CDC)) ¢ 169.5, 165.5, 142.1, 137.2,
128.6, 128.1, 127.8, 125.9, 125.0, 120.6, 79.%,780.8, 57.1,
31.6, 14.2; HRMS (ESI-TOF)wz calcd for GgH,;NNaO,
[M+Na]* 338.1363, found 338.1377.

4215 (R-Methyl 4-(benzyloxy)-4-((S)-6-oxopiperidin-2-yl)
butanoate (16a) and (R)-Ethyl 4-(benzyloxy)-4-((S)-6-oxo
piperidin-2-yl)butanoate (16b)

NaBH, (200 mg, 5.26 mmol) was added portionwise to a

cooled solution of lactarh5 (210 mg, 0.66 mmol) and Nig(42
mg, 0.33 mmol) in MeOH (10 mL). Color gradually ched
from yellow to brown and then black. The reaction tomig& was
stirred overnight at room temperature and then cued with
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4.2.16. (9)-6-((R)-1-(benzyl oxy)-4-hydr oxybutyl)piperidin-2-one
17)

To a cooled solution of est&6 (363 mg 1.15 mmol) in EtOH
(10 mL) was added NaBH437 mg, 11.5 mmol) portionwise.
The reaction mixture was stirred at room temperatarel2 h.
NH,CI was added followed by a small amount of water dwed t
solvent was removed under reduced pressure. Théueesvas
dissolved with EtOAc, washed with water, dried {8i@,) and
concentrated. The crude product was purified bgasitiel flash
column chromatography (5% MeOH/@El,) to provide alcohol
17 as a colorless oil (163 mg, 519%;0.35 (5% MeOH/CHKCI,);

[0]%°+16.5 € 2.42, CHC)); FTIR (Neat)Vma, CM - 3298, 2948,

1651;'H NMR (400 MHz, CDC}) 6 7.40-7.20 (m, 5H), 6.81 (s,
1H), 4.56 (dJ = 11.4 Hz, 1H), 4.51 (d] = 11.4 Hz, 1H), 3.73-
3.54 (m, 3H), 3.40 (q) = 5.1 Hz, 1H), 2.66 (br s, 1H), 2.44-2.33
(m, 1H), 2.33-2.20 (m, 1H), 1.93-1.79 (m, 2H), 1.7851(m,
6H): **C NMR (100 MHz, CDG)) § 173.4, 137.9, 128.6, 128.0,
80.4, 72.0, 62.6, 54.3, 31.5, 28.1, 25.6, 24.37;1dRMS (ESI-
TOF), m/z calcd for GgH,sNNaO; [M+Na]® 300.1570, found
300.1564.

(9R,9aS)-9-(benzyl oxy)hexahydr o-1H-quinolizin-4(6H)-
one (18)

To a cooled solution of alcoh@l7 (150 mg, 0.54 mmol) and
Et:N (0.15 mL, 1.07 mmol) in CKl, (1.5 mL) was added
dropwise MsCI (60 pL, 0.78 mmol). The white precifg@tavas
formed and the reaction mixture was stirred at GF6iC30 min.
Water was added and the organic layer was combinged d
(Na,SQy), and concentrated under reduced pressure todaavi
yellow oil. To a cooled suspension of NaH (60%, 43 th@,/
mmol) in dry THF (1.3 mL) was added dropwise a sohubf the
crude mesylate in dry THF (1.3 mL). The reactiorxtonie was
stirred for 30 min at 50 °C. After cooling to 0 °@ater was
added dropwise to destroy excess NaH. The mixtureewiasct-
ed with CHCl,, dried (NaSQ,) and concentrated under reduced
pressure. The crude product was purified by silieh ftash
column chromatography (1% MeOH/@El,) to afford 18 as a
colorless oil (106 mg, 75%)R 0.60 (2% MeOH/CHKCL,);

[0]%-116.8 € 1.67, CHCI); FTIR (neatlpg, cm ™ 3030, 2938,
1644;*H NMR (400 MHz, CDCJ) § 7.39-7.27 (m, 5H), 4.77—
4.70 (m, 1H), 4.68 (dJ = 11.5 Hz, 1H), 4.45 (dJ = 11.5 Hz,
1H), 3.25-3.09 (m, 2H), 2.48-2.28 (m, 4H), 2.21-21m] TH),
1.84-1.75 (m, 2H), 1.74-1.66 (m, 1H), 1.65-1.53 (Hi), 1..49—

satd aq NKCI. The solvent was removed under reduced pressurd.35 (m, 2H);*C NMR (100 MHz, CDG)) ¢ 170.2, 138.2,

The residue was extracted with &b, dried (NaSQ,),
concentrated and purified by silica gel flash caluohromato-
graphy (80% EtOAc/hexane) to give a mixture of laci®aand
16b (ratio 1:1.8, 109 mg, 51%) as a colorless Bjl0.23 (80%
EtOAc/hexane); FTIR (film, mixtureymay cm™ 3394, 3031,
2950, 1731, 1660H NMR (400 MHz, CDC}, 163) ¢ 7.38-7.25
(m, 5H), 6.07 (s, 1H), 4.58 (d,= 11.4 Hz, 1H), 4.43 (d|=11.4
Hz, 1H), 3.77-3.70 (m, 1H), 3.61 (s, 3H), 3.46-3.40 {iH),
2.52-2.21 (m, 4H), 1.98-1.43 (m, 6H} NMR (400 MHz,
CDCl,, 16b) § 7.38-7.25 (m, 5H), 6.07 (s, 1H), 4.58 {5 11.4
Hz, 1H), 4.44 (dJ = 11.4 Hz, 1H), 4.08 (q) = 7.2 Hz, 2H),
3.77-3.70 (m, 1H), 3.46-3.40 (m, 1H), 2.52-2.21 (hh),4.98—
1.43 (m, 6H), 1.22 (tJ = 7.2 Hz, 3H);"*C NMR (100 MHz,

128.6, 128.0, 78.3, 71.1, 61.3, 42.6, 32.7, 3062%,223.4, 18.3;
HRMS (ESI-TOF), m/iz caled for GgH,NNaO, [M+Na]®
282.1464, found 282.1464.

4.2.18.
(19)

(9R,9a9)-9-hydroxyhexahydro-1H-quinolizin-4(6H)-one

To a solution of lactam.8 (100 mg, 0.386 mmol) in MeOH
(4 mL) was added 10% Pd/C (70 mg, 66 pmol). Theti@ac
mixture was stirred at room temperature for 2 h urigelrogen
atmosphere and then filtered through celite. Thiafe was
concentrated and the crude product was purified iliga sgel
flash column chromatography (2% MeOH/&H,) to afford

CDCl,, 16a + 16b) 6 174.0, 173.5, 172.5, 137.7, 137.6, 128.6,alcohol 19 (56 mg, 85%) as a white solid (recrystallized from

128.0, 127.9, 79.4, 79.3, 72.0, 71.9, 60.6, 53197,531.7, 30.1,
29.9, 24.4, 24.1, 20.2, 14.3; HRMS (ESI-TOR)z calcd for
CiH2NO, [M+H]" 306.1702, found 306.1700 andg8,cNO,

[M+H] " 320.1862, found 320.1856.

hexane/CHCl,; mp 156-157 °C) (reported mp 156-157 °C,
ent);* R 0.50 (5% MeOH/CHLCL,); [¢]%°-73.3 € 0.75, CHC))

(reported +73.70(0.58, CHCJ, ent))™ FTIR (film) vpa, CM &
3282, 2947, 1598'H NMR (400 MHz, CDC)) 6 4.80-4.64 (m,
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1H), 3.36 (td,J = 9.4, 4.4 Hz, 1H), 3.06 (df = 9.4, 6.1 Hz,
1H), 2.43-2.32 (m, 3H), 2.30 (s, 1H), 2.21-2.06 (m,,2HY0—
1.78 (m, 2H), 1.77-1.71 (m, 1H), 1.70-1.60 (m, 1H»5%1.38
(m, 2H); *C NMR (100 MHz, CDCJ) § 170.0, 71.9, 62.6, 42.4,
34.3, 32.8, 25.4, 23.6, 18.4; HRMS (ESI-TOR)z calcd for
CgH1sNNaQ, [M+Na]* 192.0995, found 192.0999.
4.2.19. (1R,9a9)-6-oxooctahydro-1H-quinolizin-1-yl  methane
sulfonate (20)*

To a cooled solution of alcohd9 (50 mg, 0.29 mmol) and
Et;N (0.12 mL, 0.85 mmol) in CKl, (1.5 mL) was added
dropwise MsCI (50 pL, 0.65 mmol). The white precifgtavas
formed and the reaction mixture was stirred at 0f6€1 h.
Water was added and the mixture was extracted withCGH

dried (NaSQ,), and concentrated under reduced pressure. The

crude product was purified by silica gel flash cotunhromato-
graphy (0—2% MeOH/C}Cl,) to afford mesylate20 (57 mg,
78%) as a white solid (recrystallized from hexanefCli mp

108-109 °C)R; 0.33 (2 % MeOH/ChLI,); [0]%-61.7 € 0.95,

CHCly); FTIR (film) vinay, €M : 2953, 1633, 1347H NMR (400
MHz, CDCk) ¢ 4.82-4.68 (m, 1H), 4.40 (td, = 10.4, 4.8 Hz,
1H), 3.31 (dtJ = 10.4, 6.1 Hz, 1H), 3.05 (s, 3H), 2.47-2.28 (m,
4H), 2.21-2.04 (m, 1H), 1.92-1.76 (m, 3H), 1.76—-116] ZH),
1.61-1.47 (m, 1H)**C NMR (100 MHz, CDG)) ¢ 169.7, 80.0,
59.8, 42.0, 39.2, 32.7, 32.0, 25.4, 23.5, 18.1; HRESI-TOF),
m'z caled for GgH;:NNaO,S [M+Na] 270.0770, found
270.0766.

4.2.20. (9S5,9a9)-9-azidohexahydro-1H-quinolizin-4(6H)-one
(21a)* and its diastereoisomer (21b)

To a solution of mesylat20 (200 mg, 0.81 mmol) in DMF (8
mL) was added NaN(263 mg, 4.05 mmol). The reaction mixture
was stirred at 100 °C for 24 h under argon atmosph&fter
cooling to room temperature, the reaction mixtures widuted

Tetrahedron

extracted with CHCIl,. The organic layer was combined, dried
(Na,SQ,) and concentrated under reduced pressure. Thes crud
product was purified by silica gel flash column ahegography
(2% MeOH/CHCI,—6% MeOH/CHCI, + 3% NH; sol.) to give
(+)-epiquinamide 1) (50 mg, 68%) and (—9piepiquinamide Z2)

(20 mg, 27%); For (+}*° white solid (recrystallized from
hexane/CHCl,; mp 130-131 °C) (reported mp 130 °®);0.64

(6% MeOH/CHCI, + 3% NH; sol.); [a]2> +26.8 € 0.56, CHC))

(reported +24 ¢ 0.1, CDCY); FTIR (film) vpa, cm - 3326,
2937, 1660 H NMR (400 MHz, CDCJ) 6 6.29 (br s, 1H), 3.95—
3.85 (m, 1H), 2.83-2.69 (m, 2H), 2.04-1.89 (m, 6H36%1.78
(m, 1H), 1.75-1.63 (m, 2H), 1.61-1.53 (m, 1H), 1.53%1(m,
4H), 1.37-1.13 (m, 2H)**C NMR (100 MHz, CDGJ) 6 169.7,
64.5, 56.9, 48.3, 29.8, 29.2, 25.7, 24.2, 23.67;2dRMS (ESI-
OF), m/z calcd for G;Hx;N,O [M+H]" 197.1648, found
197.1645;
For (-)22:* white solid; mp 190 °C (dec) (reported mp 190

°C (dec));R 0.28 (6% MeOH/CKLI, + 3% NH; sol.); []2° -9.5

(c 0.11, CHC)) (reported -2.9 (c 0.6, GBL,); FTIR (film) vimay
cm 3422, 2931, 1635H NMR (400 MHz, CDCJ) 6 5.17 (br

s, 1H), 3.71 (dtd) = 11.8, 9.5, 4.4 Hz, 1H), 2.84 (brd= 11.0
Hz, 1H), 2.76 (br dJ = 11.0 Hz, 1H), 2.03-1.94 (m, 3H), 1.96 (s,
3H), 1.85-1.47 (m, 7H), 1.35-1.03 (m, 3HJC NMR (100
MHz, CDCk) ¢ 169.5, 67.5, 56.5, 55.8, 51.2, 32.0, 29.0, 25.4,
24.4, 23.8, 23.7; HRMS (ESI-TOFz calcd for G;H»N,O
[M+H]"* 197.1648, found 197.1648.

4.3. Computational Details

The geometrical structure of aziridinium ion inteiate20a
was optimized using the hybrid density functional LBB
method. The basis set for all atoms was 6-311G (thp)charge
was 1, and the spin state was singlet. The calcoktivere
performed using the Gaussian03 package.

with EtOAc and washed with water. The organic layer wad‘Cknowledgements

combined, dried (N&O,) and concentrated under reduced
pressure. The crude product was purified by silied ftash
column chromatography (2% MeOH/@El,) to give azide2la
as the major product along with its diastereo@#p (colorless
oil, 140 mg, 90%, ratio 1:0.4)R 0.35 (2% MeOH/CECL,);
FTIR (neatlmae CM 5 2943, 2097, 1633; F@la ‘H NMR (400
MHz, CDCL) 6 4.84-4.73 (m, 1H), 3.68-3.59 (m, 1H), 3.38 (td,
J =75, 1.9 Hz, 1H), 2.48-2.24 (m, 3H), 2.18-2.10 {H),
1.97-1.82 (m, 3H), 1.78-1.67 (m, 2H), 1.65-1.50 (#);2°C
NMR (100 MHz, CDC}) § 170.4, 60.7, 58.2, 41.8, 32.8, 28.6,
26.6, 19.6, 19.0; Fazlb: 'H NMR (400 MHz, CDCJ) 6 4.84—
4.73 (m, 1H), 3.14-2.98 (m, 2H), 2.48-2.24 (m, 3H},822.10
(m, 1H), 1.97-1.82 (m, 3H), 1.78-1.67 (m, 2H), 1.6581(m,
2H); **C NMR (100 MHz, CDGCJ) 6 169.5, 62.7, 60.4, 41.9, 32.8,
30.2, 26.3, 23.6, 18.3.

4.2.21. (+)-Epiquinamide (1)* and (-)-epiepiquinamide (22)*°

To a cooled suspension of LIAIH100 mg, 2.63 mmol) in
dry THF (3 mL) was added dropwise a solution of aZitlaand
21b (73 mg, 0.38 mmol) in dry THF (3 mL) under nitroge
atmosphere. The reaction mixture was refluxed ogéitniAfter
cooling to 0 °C, water was carefully added followed 196
NaOH and CHCI,. The mixture was filtered through celite and
the filtrate was concentrated under reduced pregsypeovide a
crude amine as a colorless oil. The crude aminedisz®lved in
dioxane (3 mL). 1 M NaOH (3 mL) was added followed by@c
(0.2 mL, 2.11 mmol). The reaction mixture was stire¢g room
temperature for 2 h. Water was added and the mixias
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Supplementary data

Supplementary dataH and**C NMR spectra for all new and
important known compounds, and atomic coordinates fo
optimized structure 020a) related to this article can be found
at.........
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