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Reduction of Piperidinoisoxazolidines:
Competitive Cyclisation to Indolizidines or Epoxides

Ramén Alibés, Félix Busqué, Pedro de March,* Marta Figueredo,* and Josep Font

Abstract.- In the reduction of polysubstituted piperidinoisoxazolidines, we have observed two
competmve C ycllsalzorz pathwavs Ieadmg to either mdolmdmes or epoxides. The yields of indolizidines

1Ca-

up conditions. © 1998 Elsevier Science Ltd. All rights reserve

introduction

Substituted isoxazolidines have been often used as crucial intermediates for the preparation of complicated
target molecules.! Their synthetic versatility relies on the feasible reduction of the nitrogen-oxygen bond to
deliver the corresponding open-chain 3-amino alcohols. This reduction has been performed with a plethora of
distinct reagents, including catalytic hydrogenation, several metals in different solvents, lithium aluminum

hydride, and metal complexes.2 Usually, when the resulting amino alcohol has an electr ophilic carbon atom at a
enitahla dictance nucleanhilic addition or substitution by the aming oronn racnlte in the faormatinn af a naw ring
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in the reaction product (Scheme 1, path A). After the pioneering work of Tufariello er al.3 the overall process
(reduction-cyciisation) has been successfully applied to the synthesis of many interesting compounds, mainly
alkaloids# and B-lactams.5 On the contrary, to the best of our knowledge, examples in which the cyclisation
occurred through nucleophilic attack of the newly generated hydroxyl group to deliver an cpoxide (Scheme 1,

path B) have not yet been described.

\r H reduction

Scheme 1
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We have recently reported the selective preparation of the four diastereoisomeric isoxazolidines 1-4 (Figure
1), by sequences involving the I,3-dipolar cycloaddition of 2,3,4,5-tetrahydropyridine 1-oxide to an o,f-
unsaturated ester as the key step.6 We planned to use these compounds in the synthesis of various indolizidine
alkaloids, following the strategy outlined in path A of Scheme 1. Surprisingly, in the reduction of these
isoxazolidines we detected the formation of epoxides. We also found that the cyclisation process can be controlled

by the appropriate choice of reducing agent and work-up conditions. Our findings are described herein.
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Figure 1
Results and Discussion

The results of the reduction of isoxazolidines 1-4 are collected in Table 1. First we performed the palladium

comrd hax A_.f.,«...‘t on nf tha asen nrsme 20nrar T fantemr 1Y nnAd ara Altaseand tha teadAliaidinaa & o thrs s nion smann Ain s
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(ﬂgure J.), but pamal GCDCHZ)’IHIIOH leadin g 6 was detrimental to the y1 of the desired comp()una in the
NMR spectra of 5, Hp absorbs as a dd at 8 4.15 and H3 presents a ddd at  2.21 and the corresponding carbon

Table 1. Reduction of piperidinoisoxazolidines 1-4.

entry substrate method? indolizidine® epoxide?
1 1 A 5 (58%), 6 (29%) -
2 1 B 5 (79%), 6 (9%) -
3 1 C 5(67%) 10 (12%)
4 1 D 5 (85%) -
5 2 B 7 (89%) .
6 2 C 7 (64%) 11 (21%)
7 2 D 7 (81%) -
8 3 B - .
9 3 C - 12 (85%)
10 3 D 8 (84%) .
11 4 A - -
12 4 B - -
13 4 C 9 9%) 13 (81%)
14 4 D 9 (90%) -
aMethod A: H,/Pd, AcOEt-MeOH 1:1, rt. Method B: Hy/Pd(OH);, AcOEt-MeOH 1:1, rt. Method C: i) Zn (72 eq)/3M
HCVultrasound; ii) 30% NHj to basicity. Method D: i) Zn (72 eq)/3M HCl/ultrasound; ii) CH;Cly, vigorous stirring, slow addition

of K;C03 to pH 7. #Yields of isolated products.
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atoms Cj and C3 appear at & 75.9 and rred trans fused conformation of this
indolizidine is evidenced by the A3 value between the two o-nitrogen protons at Cs, which are locked in the
equatorial (8 3.01) and axial (8 1.90) orientation of the piperidine chair, due to the rigidity of the bicyclic
system.” The debenzylation problem could be almost overwhelmed by changing the catalyst to Pd(OH); (entry
2), which has been effective with other substrates where the use of Pd metal produced the reduction of a benzyl
ether.8 The hydrogenolysis of the exo-anti isoxazolidine 2 in these last conditions (entry 5) gave the expected

indolizidine 7, as the only reaction product, in 89% yield. Compound 7 shows signals at & 4.43 and 3.29 for H»

nd H2. and at 8 72.1 and 63 .8 for Cr and Ca. resnectivelv. In contrast to its di the indnlizidine
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Figure 2

When the same reaction was attempted with the endp isoxazolidines 3 and 4 (entrics 8 and 12), after several
hours, most of the starting material was recovered unchanged and only traces of debenzylated isoxazolidines were

nitrnaen_nvvasn hnnd cleavage Theee recnnlte dennte the oreat influence of the cteranchemical feamrec nf the
HIUECIImUA Y EUIL UUIIU VILGVagU. 11HUOU FLoUils BLLUIL WL pIVaAL IHLIWVHVY Ul WV S VULV GT Ivauits Ul ulc
cishatentas nm tha hodenaannlucio nenmacoe Tonvars Alidina 4 vwine than trantad vwith 7/ AANLT Ann ~f tha Aot 13idals
SUDSUate 0N € NyUrgEciulysrd prottsas. 1BUAALZULIULIIT 5 Wad Uitil dtdicd widl 21y Avvurl, ULIC U1 Uic most widcly

used aiternative method for N-O reduction, but afier 2 hours no reaction was observed. However, changing the
solvent to 3M HCI and under ultrasound activation (entry 13) the starting material was rapidly consumed.
Removal of the excess of Zn and basification of the filtrate with 30% NHj yielded the epoxide 13 as main
product (81%) and only a minor amount of the expected indolizidine 9. Compound 13 was identified through the
chemical shifts of H3, Hy (both at & = 3.0) and C3, C4 (both at 6 = 55), that clearly indicate the presence of an
oxirane ring. The NMR spectra of 9 show absorptions at 6 4.31 and 2.16 for Hy and H3 and at & 71.2 and 68.0

for C; and C3, respectively. The chemical shifts of the protons at Cs (3 3.11 and 1.85) indicate that indolizidine 9
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ine 8. On the contrary, the reduction of the exo

main products, along with small percentagcs of the corresponding epoxides 10 and 11.
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The cXpeut:u reiaive conrigur ation at the new s erengenic center C3 of the indolizidines 5, 7 and 9 was
confirmed through NOESY experiments, that allowed to establish the relative cis or trans relationship between all
the hydrogen atoms of the pyrrolidine ring. The geometry of 1,2-disubstituted oxiranes can be deduced from the
value of the vicinal coupling constant, which is close to 4.5 Hz for cis and to 3.0 Hz for trans protons.9 The
observed value of J3 4 was 4.4 Hz for epoxides 10 and 12, 2.2 Hz for 11 and it could not be measured for 13;
their relative configurations were accordingly assigned.

The comparison of the stereochemistry of each pair indolizidine-epoxide indicates that bot

ing alcohol precursor. The different trend in the cyclisation sh
related to the steric hindrance of the transition states leading to each pentasubstituted pyrrolidine, since the cis or
trans geometry of the epoxides does not appear as a decisive factor. Considering the strongly acidic reductive
medium, any cyclisation must probably take place during or after the basification process; consequently we
decided to explore different work-up conditions on reaction mixtures derived from isoxazolidine 4. After wide
experimentation, we found that the formation of the epoxide can be avoided if CH,Cly is added to the acidic
filtrate, followed by slow addition of solid K2COj3 until pH 7, under vigorous stirring. In that simple way,
indolizidine 9 was isolated in 90% yield (entry 14). The same work-up applied to the rest of isoxazolidines

g0 the correspondinge indolizidines as exclusive
g €8 as exciust

c 21 ~ P S, Pe .

2.68 for the protons at Cs, denoting a clear preference for the cis fused invertomer.

In summary, it has been illustrated how a simple modification in the work-up conditions of the
hydrogenolysis reaction of piperidinoisoxazolidines changes dramatically the relative rates of the subsequent
competitive cyclisation pathways. The formation of indolizidines is promoted by avoiding local high
concentrations of base, which benefit the evolution to the undesired epoxides.

""""""""""" ¢ Solutions were concentrated using

a rotary evaporator at 15-20 Torr. Flash column chromatographies were performed by using Merck silica gel
(230-400 mesh) unless otherwise indicated. Tlc were performed by using (.25 mm Alugram Sil plates,
Macherey-Nigel. Infrared spectra were recorded on a Nicolet 5 ZDX spectrophotometer. 1H NMR (250 MHz,
unless otherwise indicated) and 13C NMR (62.5 MHz) spectra were recorded by Servei de Ressonancia
Magnética Nuclear de la Universitat Autonoma de Barcelona on Bruker AC-250-WB or AM-400-WB
instruments. CDCI3 was used as solvent for the NMR experiments. Elemental analyses were performed by Servei

d'Analisi Quimica de la UAB or by Institut de Quimica Bio-Organica de Barcelona.

Reduction of Isoxazolidine 1 (Method B)

Palladium hydroxide on carbon (20 mg) was added to a solution of compound 1 (80 mg, 0.18 mmol) in
MeOH/EtOAc 1/1 (3 mL) and the mixture was stirred under hydrogen atmosphere for 4 h. The hydrogen was
evacuated and the mixture was filtered through Celite and rinsed with MeOH (4 mL) and EtOAc (4 mL). The
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solvents were evaporaied and the resuliing residue was dissolved in CHpCly (15 mL). To this vigorously stirred
solution, water (10 mL) was added, and then solid K,CO; until basic pH. After stirring for 15 additional minutes
the organic layer was separated, dried (anh. Na;SOy) and concentrated. Chromatography (EtOAc¢/MeOH from
100/0 to 80/20) of the residue afforded 49 mg (0.15 mmol, 79% yield) of methyl (1RS,2RS,3SR,8aR5)-3-(2-
benzyloxyethyl)-2-hydroxyoctahydroindolizidine-1-carboxylate, §, as a white solid and 4 mg (0.02 mmol, 9%

yield) of methyl (1RS,2RS,35R,8aRS)-2-hydroxy-3-(2-hydroxyethyl)octahydroindolizidine-1 -carboxylate 6,
as a colorless oil. 5: mp 40-2 °C. IR (film): 3472, 1735 cm-!; 1H NMR: § 7.35-7.25 (m, 5H, H-Ar), 4.49 (
2H, H,C-Ph), 4.15 (dd =5.1 Hz, 1H, H-2), 3.7

CD
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Q.47 (UL D, 111, VUIl), J.Ui in, 1I1i, l—l'JCLl} .07 (Juu, Jl Ba—lu.‘f Ii4, J‘l 2—0 0o I, irl, -1), £.04 \lu
Jga1=T3a g=10.4 Hz, Jg, §=2.2 Hz, 1H, H-8a), 2.21 (ddd, J3 1=9.5 Hz, J3 5=5.1 Hz, J31=2.6 Hz, 1H, H-3),

2.03-1.83 (m, 3H, H-5ax, H-1', H-8), 1.76-1.61 (m, 3H, H-1', H-7, H-6), 1.54-1.05 (m, 3H, H-6, H-7, H-
8); 13C NMR: § 171.8 (C=0), 137.0/128.4/127.7(x2) (C-Ar), 75.9 (C-2), 73.2 (CH,-Ph), 72.5 (C-3), 68.2 (C-
2, 65.0 (C-8a), 52.9 (C-1), 51.6 (OCH3), 51.0 (C-5), 31.0 (C-1"), 30.0 (C-8), 25.1 (C-6), 23.8 (C-7). Anal.
Calcd for C1gHp7NOy: C, 68.44; H, 8.16; N, 4.20. Found: C, 68.50; H, 8.14; N, 4.18. 6: IH NMR: § 4.34
(dd, J; 3=7.3 Hz, J; ;=4.4 Hz, 1H, H-2), 3.87-3.63 (m, 2H, H-2", 3.72 (s, 3H, CH30), 3.19 (m, 1H, H-
Seq), 2.69 (dd, Iy 3,=8.0 Hz, I, ,=7.3 Hz, 1H, H-1), 2.53 (m, 2H), 2.03-1.83 (m, 3H), 1.76-1.61 (m, 3H),
1.54-1.05 (m, 3H).

Reduction of isoxazolidine Z {(Method B)

Following the above procedure, compound 2 (25 mg, 0.06 mmol) was hydrogenated in the presence of
Pd(OH), (15 mg) in MeOH/EtOAc 1/1 (2 mL). Chromatography of the reaction crude (EtOAc/MeOH 80/20)
afforded 17 mg (0.05 mmol, 89% yield) of methyl (1RS,2RS,3RS,8aRS)-3-(2-benzyloxyethyl)-2-hydroxy-
octahydroindolizidine- 1-carboxylate, 7, as a colorless oil: IR (film): 3444, 1735, cm-1; 1H NMR: § 7.35-7.25
(m, 5H, H-Ar), 4.50 (s, 2H, H,C-Ph), 4.43 (m, 1H, H-2), 3.70 (s, 3H, CH50), 3.62 (dt, Jop m=9.0 Hz,
Jp p=4.7 Hz, 1H, H-2%, 3.45 (1d, Jooy=J2 1=9.0 Hz, J y=4.5 Hz, 1H, H-2'), 3.29 (ddd,

1
J3,=4.8 Hz, J3 ;=3.8 Hz, 1H, H-3), 3.17 (ddd, Jg, g=10.7 Hz, Jg, ;=7.7 Hz, Jg, §=3.0 Hz, 1H, H-8a), 2.83

Jo
215 X2 8:

4 a,8
(m, 1H, H-5), 273 (t. J1 2=J1 82=7.7 Hz, 1H, H-1), 2.59 (ud, gem_J5 6=12.0 Hz, J5 ¢=3.7 Hz, 1H, H-5),
1
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LU0 (m, i, n-i ), 1.3uU-1.05 im, 4nj, JuU-1.1vu (M, 3n), U INMRI 0 1/72.4 (U=U),
137.7/128.4/127.74/127.69 (C-Ar), 73.3 (an-Fn) 72.1 (C-2), 68.7 (C-29, 63.8 (C-3), 59.2 (C-8a), 55.0 (C-
1), 51.6 (OCH3), 46.3 (C-5), 29.9 (C-8), 24.5 (C-1"), 23.8/23.5 (C-6/C-7). Anal. Calcd for CygH,7NOy: C,
68.44; H, 8.16; N, 4.20. Found: C, 68.29; H, 8.15; N, 4.17.

Reduction of 1. General Procedure for Method C

To a solution of 1 (528 mg, 1.23 mmol) in 3M HCI (40 mL), activated zinc dust (5.65 g, 86.5 mmol) was
added and the resulting suspension was sonicated for 1 h. The Zn was filtered off and .;nsed with 3M HC1 (7
mI Y and watar (10 mI Y The ealution wae hacified with 306, NH~ until nH=11 evtracrted with (CH~- 1. {2Iv2)
L) Al Waili (137 filzey. 10 SULuul/ WAS UASLIIvG Wi oLV, ANARY UL PAEISL 2, DAMALICU Wi L AgNea) \JAJY
YN Al d fnemb AT QY Y and Aamnesantratnd Chenmataarranhey (OYVA AMMAANLT Fanea 1AM +4 ONIINY <F than snciAdian
ML), Arie€d (diii. INdpdU4) dill CONLEIIU AU, iilviliatUgiapiny \Eivual/vicuwrl UL 1wy 0 owr2u) 01 i€ 1esiaue

1

afforded 278 mg (0.83 mmol, 67% yield) of 5 and 49 mg (0.15 mmol, 12% yield) of methyl
(2RS,3RS,45R,2'RS)-6-benzyloxy-3,4-epoxy-2-(2-piperidyl)hexanoate, 10, as a colorless oil. 10: IR (film):
3339, 1735 cm'l; 1TH NMR: § 7.35-7.25 (m, 5H, H-Ar), 451 (s, 2H, HyC-Ph), 3.61 (s, 3H, CH30), 3.57 (m,
2H, H-6), 3.24 (dd, J3 2=9.5 Hz, J3 4=4.4 Hz, 1H, H-3), 3.10-2.96 (m, 3H, H-4, H-6', H-2'), 2.62 (1d,



1 =T . ‘=1 17 11> T 70 LI~ 11T I]_C'\ 20 /AA T 0O &1y, 1 [ite BEs BN & £ 11T LY ALY A NN 1 o™,
Jgem“36,5—-l 1./ N4, Jg' §=<4.7 0Z, 111, I1-V ), £.37 \U4, Jp 3=5.0 11Z, Jp »=/.0 NZ, 1N, 1-£), £.UZ-1.02 (m.
4H, 2xH-5, H-3', H-4), 1.58 (m, 1H, H-5), 1.55-1.18 (m, 3H, H-3', H-4', H-5); 13C NMR: & 171.8

(C=0), 138.1/128.3/127.5(x2) (C-Ar), 73.0 (CH;-Ph), 67.1 (C-6), 58.5 (C-2'), 55.8 (C-3), 53.2 (C-4), 51.7
(OCH3y), 50.5 (C-2), 46.8 (C-6"), 30.3 (C-3"), 28.6 (C-5), 25.9 (C-5"), 24.4 (C-4"). Anal. Calcd for
C19H97NOy4: C, 68.44; H, 8.16; N, 4.20. Found: C, 68.79; H, 7.91; N, 4.53.
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Florisil afforded 18 mg (0.05 mmol, 21% yleld) of methyl (2RS 3RS, 4RS,2'RS)-6- bcnlyloxy -3.4-epoxy-2-(2-
piperidyl)hexanoate, 11, as a colorless oil and 55 mg (0.16 mmol 64% yield) of 7. 11: IR (film): 3339, 1735
cm-1; 1H NMR (400 MHz): § 7.35-7.25 (m, 5H, H-Ar), 4.53 (d, Jgep,=12.4 Hz, 1H, HC-Ph), 4.49 (d,
Jeem=12.4 Hz, 1H, HC-Ph), 3.67 (s, 3H, CH30), 3.60-3.52 (m, 2H, H-6), 3.09 (dd, J3 ,=8.2 Hz, J3 4=2.2
Hz, 1H, H-3), 3.08 (m, 1H, H-6"), 3.02 (ddd, J» 3=10.7 Hz, Iy »=6.7 Hz, J» 3=2.5 Hz, 1H, H-2", 2.97
(ddd, J4 5=6.4 Hz, J4 s=4.9 Hz, J4 3=2.2 Hz, 1H, H-4), 2.66 (td, Jo.y=Jg 5=11.5 Hz, J¢ 5=3.0 Hz, 1H, H-
6'). 2.24 (dd, J; 3=8.2 Hz, J »=6.7 Hz, 1H, H-2), 1.95-1.77 (m, 3H, 2xH-5, H-4"), 1.65-1.57 (m, 2H, H-
3", H-5"), 1.50-1.30 (m, 3H, H-5', H-4', H-3"); 13C NMR: § 171.9 (C=0), 138.2/128.4/127.6(x2) (C-Ar),

T2 1 (U _DhY A8 Q (C.AY SR O (I RAYA (M. SAS (C. A SA 1 (OO K1 K (NI Y AL Q (C_KY 201

FI.1 L) ril), UJ.7 \%"U), JOU (Lre )y JUD D), JTJ LTy, J7.0 (wmgy, D0 ULy, 907 (L-U ), Jo.s

7ol 4 N A LY I NL AN N YA E Y AN Awmntl MAlad Lo M b AIM . M £O0 AA. XY O 14, WT A AN T3 __ 1

{(C-5), 30.4 (C-3), 20. J, 24.5 (L-4). Anal LaiCd 101 UjgrippNUyl U, 66.44; H, 8.10; N, 4.20. Found
1 -

Reduction of Isoxazolidine 3 (Method C)
Following the general procedure, isoxazolidine 3 (106 mg, 0.24 mmol) was treated with activated zinc dust

(1.16 g, 17.87 mmol) in 3M HCI (7 mL). Chromatography of the reaction crude (EtOAc/MeOH 9/1) through
I lg_ri orded 71 mg (0.21 mmol, 85% yield) of methyl (2RS,3RS,4SR.2'SR)-6-benzyloxy-3.4-epoxy-2-(2-
piperidyl)hexanoatﬁ 12, as a colorless oil: IR (film): 3310, 1735 cm-1; 1H NMR: & 7.35-7.25 (m, 5H, H- Ar),
4.48 (s, 2H, H,C-Ph), 3.61 (s, 3H, CH30), 3.6()-3.52 (m, 2H, H-6), 3.17 (dd, J3,=8.8 Hz, J3 4=4.4 Hz, 1H
H-3), 3.11-2.93 (m, 3H, H-4, H-6', H-2"), 2.60 (ddd, Jsen=12.4 Hz, Jg 5=11.7 Hz, I 5=2.9 Hz, 1H, H-
61, ( 3 i Hz, 1H, H-2), 1.98-1.62 (m, 4H, 2xH-5, H-3', H-4"), 1.58 (m, 1H, H-

5", 1.45-1.12 (m, 3H, H-4/, ', H-3"; 13C NMR: § 171.9 (C=0), 138.1/128.3/127.5(x2) (C-Ar), 73.0
(CH,-Ph), 67.1 (C-6), 58.2 (C-Z), 55.1 (C-3), 53.8 (C-4), 51.7 (OCH3), 50.5 (C-2), 46.8 (C-6", 30.4 (C-
3", 28.6 (C-5), 26.3 (C-5'), 24.4 (C-4"). Anal. Calcd for C1gH»7NOy4: C, 68.44; H, 8.16; N, 4.20. Found: C,
68.34; H, 8.13; N, 4.32.

Reduction of Isoxazolidine 4 (Method C)

EAallauring tha ganaral nencadnra ienvaznlidinae 4 (R mao D70 mmnlY wace tronatad with antivatad 7ina~ Aot
rouuv Wuls uiv 5\.41!\.40.1 k" ULLU UL Ly IOVAGLUMHULIIV T \JUV Ilig, V. JV HLHUULL YVAS ULAlvUu Wil atulvatcu LU Uudt
i AN L"l'\ s AT Zn ARA LT LY a7 N M hcnca nt v amambcy A8 tha cqn gl e A CTTEONA S TRASOVTT VTN L
(3.29 g, 50.4 mmol) in 5M AaCl (U mL). Lnromatograpny 61 ue reacu Crudc (EvACG/ MEuUrn ¥/1) tinrougn

%]

1 {
Florisil afforded 21 mg (0.06 mmol, 9% yield) of methyl (1RS,2RS,3RS,8a5R)-3-(2-benzyloxyethyl)-2-
hydroxyoctahydroindolizidine-1-carboxylate, 9, and 189 mg (0.57 mmol, 81% yield) of methyl
(2RS,3RS,4RS,2'SR)-6-benzyloxy-3,4-epoxy-2-(2-piperidyDhexanoate, 13, both as colorless oils. 9: IR (film):
3486, 1721 cm-l; 1H NMR: 8 7.35-7.25 (m, SH, H-Ar), 4.49 (s, 2H, H,C-Ph), 4.31 (ddd, J, oy=9.0 Hz.
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J2,1=8.0 Hz, J5 3=6.0 Hz, 1H, H-2), 3.70-3.55 (m, 2H, H-2, 3.67 (s, 3H, CH30), 3.19 (1, ] 5=J; g,=8.0
Hz, 1H, H-1), 3.11 (m, 1H, H-5eq), 2.16 (ddd, J3 1'=9.5 Hz, J3 ,=6.0 Hz, J3 {=4.0 Hz, 1H, H-3), 2.05 (ddd,
Tga g=11.0 Hz, Jg, 1=8.0 Hz, Jg, §=2.6 Hz, 1H, H-8a), 2.00-1.70 (m, 4H, 2xH-1', H-7, H-Sax), 1.70-1.35
(m, 4H, H-6, H-8), 1.20 (m, 1H, H-7); 13C NMR: & 171.8 (C=0), 138.2/128.4/127.7/127.6 (C-Ar), 73.0
(CH;,-Ph), 71.2 (C-2), 68.0 (C-3), 67.9 (C-2'), 65.7 (C-8a), 51.9 (C-5), 51.3 (OCHj), 50.0 (C-1), 27.4 (C-8),
26.6 (C-1"), 24.8/24.7 (C-6/C-7). Anal. Calcd for C;ygH,7NOy4: C, 68.44; H, 8.16: N, 4.20. Found: 68.43; H,
6; N, 4.29. 13: IR (film): 3310, 1750 cm-!; 1H NMR: § 7.35-7.25 (m, 5H, H-Ar)
1
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t Jp, 3_122m75 Hz, 1H, H-2), 1.94-
3H, H-4, H-5', H-3"); 13C NMR (62.5 MH?) 172 1 (C= 0) 1%8 1128, 3/127. 6/127 5 (C- Ar) 73.0 (CHz-
Ph), 66.8 (C-6), 57.6 (C-2), 56.5 (C-3), 54.8 (C-4), 54.4 (C-2), 51.8 (OCH3), 46.8 (C-6'), 32.1 (C-5), 30.6
(C-3), 26.5 (C-5'), 24.6 (C-4"). Anal. Calcd for CygH,,NO,: C, 68.44; H, 8.16; N, 4.20. Found: C, 68.36;
H, 8.16; N, 4.11.

Reduction of 1. General Procedure for Method D
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added and the resulting Suspe‘rlsi(m was sonicated for he Zn was

(2mL), water (3 mL) and CH;Cl, (13 mL). To this mixture, while vigorously stirring, solid K,CO3 was slowly
added until pH=7. After stirring for 2 additional hours, the organic layer was scparated, dried (anh. Na,SO,4) and

concentrated. Chromatography of the reaction crude (EtOAc) gave 30 mg (0.09 mmol, 85% yield) of 5.

Reduction of 2 (Method D)
Following the general procedure, isoxazolidine 2 (46 mg, 0.11 mmol) was treated with activated zinc dust

(522 mg, 8.07 mmol) in 3M HCI (9 mL). Chromatography of the reaction crude (EtOAc/MeOH 80/20) gave 33
ma N 1N mmanl 010, vialdY nf 7
1115 \U.LU 111131Jly 741 /U ]Aunu; A0 B

Reduction of 3 (Method D)

Following the general procedure, isoxazolidine 3 (30 mg, 0.07 mmol) was treated with activated zinc dust
(343 mg, 5.25 mmol) in 3M HCI (6 mL). Chromatography of the reaction crude (EtOAc/MeOH 80/20) afforded
21 mg (0.06 mmol, 84% yield) of methyl (1RS,2RS,35R,8aSR)-3-(2-benzyloxyethyl)-2-hydroxyoctahydro-
indolizidine-1-carboxylate, 8, as a crystalline solid: mp 65-7 °C. IR (film): 3479, 1728 cm-1; 1H NMR: § 7.35-
7.25 (m, 5H, H-Ar), 4.49 (s, 2H, H,C-Ph), 4.31 (dt, J; 1=6.2 Hz, J; 3=J, oy=4.2 Hz, 1H, H-2), 3.85 (d,

Jon 2=4.2 Hz, 1H, OH), 3.69 (s, 3H, CH;0), 3.58 (t, J,- 1=7.0 Hz, 2H, H-2"), 3.21-3.13 (m, 2H, H-3, H-
8a). 3.05 (1, Jy =) ¢,=6.2 Hz, 1H, H-1), 2.92 (m, 1H, H-5), 2.68 (td, J,. =J< =13.0 Hz, J< .=2.9 Hz, 1H
Uiy, -3 L 1,2 1,04 3 1 Pl A 3 3 Yal 7 1 3,0 y 3,0 £iy L1
LI &Y 1 Q7 At T =12 0N 7 T, =7 Hz T...=214§ 7 1H JINY T RO (m TH KLY 1701 AQ (ma LY
Ii-J), L.74 (uwu, Jgem—lJ.U K Xd.y Jl,l“‘l-\l A Kday Jl'j‘-J.J LRz, 1Lk, LETL Jy L.OVU (11K, XX, LE-/ ), 1./VU-1.90 \iil, JI1,
H-1', H-6, H-8), 1.40 (m, 1H, H-8), 1.37-1.15 (m, 2H, H-6, H-7); 13C NMR: & 172.6 (C=0),

e

138.3/128.3/127.6/127.5 (C-Ar), 76.5 (C-2), 73.2 (CH,-Ph), 67.9 (C-29, 65.2 (C-3), 60.9 (C-8a), 51.6
(OCH3), 50.0 (C-1), 46.3 (C-5), 31.1 (C-1"), 25.2 (C-8), 24.4 (C-7), 21.0 (C-6). Anal. Calcd for C;gH»7NOy:
C, 68.44; H, 8.16; N, 4.20. Found: C, 68.25; H, 8.22; N, 4.03.



Reduction of 4 (Method D)

Following the general procedure, isoxazolidine 4 (42 mg, 0.10 mmol) was treated with activated zinc dust
(481 mg, 7.37 mmol) in 3M HCI (8 mL). Chromatography of the reaction crude (EtOAc/MeOH 80/20) gave 29
mg (0.09 mmol, 90% yield) of 9.
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