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Synthesis of Indolizidines (-)-195B, (-)-223AB and (-)-239AB :

(25,5R)-1-[(Benzyloxy)carbonyl]-2-methoxycarbonyl-5-(4-
pentenyl)pyrrolidine as a Versatile Chiral Building Block'

Catherine Célimeéne, Hamid Dhimane and Gérard Lhommet*
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Abstract: The total syntheses of three levogyre 3,5-disubstituted indolizidines, (-)-195B, (-)-223AB and (-)-239AB are
described. The employed strategy is based on the utilization of the common enantiopure trans 2,5-disubstituted
pyrrolidine 3, which is assembled by addition of pent-4-enylcopper to N-acyl iminium ion derived from (S)-proline. © 1998
Elsevier Science Ltd. All rights reserved.
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famlly composed of 3,5- d1subst1tuted mdohudmes occurs in some dendrobatzdae species (fngure 1). Among the
four members of this subclass, (-) indolizidine 223AB has been the most popular synlhcms target. *3 I most of
the previous multisteps syntheses, at least one of the two substituents (RI and/or R? ) is installed at the start.
Accordingly, each of the four indolizidines 1a-d requires an appropriate starting material. One exception is due
to C. Kibayashi et al” who reported a general method for the preparation of both enantiomers of the four
indolizidines 1. However the preparation of the advanced common synthetic intermediate of the four
indolizidines, requires more than twenty steps, starting from D-mannitol.

1 2

\\\- AN /\R‘ (-)-195B :1a:Ri=n-Bu; RZ=Me

s (--223AB : 1b: R! = n-Bu  R?=nPr
v (-+-239AB : Ic : R! = n-Bu ; R? = HO(CH,),-
"ty (-}-239CD : 1d : R' = HO(CH,),- ; R?= n-Pr

1

Figure 1
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the common intermediate 3 (scheme 1).

1R1RRRRE DRARLA IR ale LA SASE ) 8 LI |

SYNTHETIC STRATEGY

As shows the disconnective analysis, our plan for the synthesis of 1a-c depends on the diastereoselectivities
of two critical steps: A and C (Scheme 1). The achievement of the indolizidine skeleton 1 (step A) with a cis
relative arrangement of the C5 and C8a hydrogen atoms will be based on the reduction of the transient iminium
ion I, in situ generated from 2. A literature survey shows that the stereochemical outcome of this intramolecular
reductive amination via iminium ion I only depends on the C8a configuration. Indeed whatever the reducing

4,57 afigurati

agent {(Ho/Pd or hydrides) and the C3 configuration (C1 in pyrrolidine numbering), ihe mcommg Cs
+

f C8a. For the synthesis of 2, appropriate series of
transformations ought to ensure the elaboration of R' radical from the ester group and that of R?CO from the
olefin moiety of intermediate 3. Finally the chirality of the natural (S)-proline which will become that of C3 in
1, must allow the control of the configuration of C8a center during an anti addition of a suitable five carbons
nucleophile to the in situ generated N-acyliminium ion IL. The stereocontrol of our synthetic plan depends on
the diastereoselectivity of this most crucial C step. It is well established that nt-type nucleophiles give selectively
a syn addition to N-acyliminiums II, derived from (S)-proline.8 To achieve an anti addition of our five carbons
nucleophile, we decided to react the in situ generated iminium II with pent-4-enylcopper following the

procedure reported by L.G. Wistrand and M. Skrinjar.”
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Scheme 1
RESULTS AND DISCUSSION
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The feasibility of the above described plan was first put to the test by selectmg (- )-maouzmme 1958 (- )—1aj
the target. The synthesis of the corresponding intermediate 2a (R' = n-Bu, R* = Me) only requires the

actahlichmant Af a u_hitul geniin fra tha acta nAd tha ullratana mniaty fram tha taemsinal casbhoas

COLAQUIIDLIIICIIL UL QA ’L_U“\.Jl &K\Juy llUlll il \-/Dl.\ll \)ll\t mlu (S e iwy lll\i‘ll’ll\.\dl\.’ll\.ﬂ lllUl\.fLy LIVl Ul w1l 1air valuvuil-
carhon double bond (Scheme 1), As nrecursor of imininm ion II we decided to uce the methvl 1

caroon Qoubie obend (xchem e ). precursor minmum 1on we deciaed o use the methyl

, 1wl thoxyprolinate 5. Thus, with some modifications'” to the h
obtamed in 75% yleld by anodic o-methoxylation of 4. Boron trlﬂuorlde med1ated addmon of pent-4-
enylcopper to 5§ generated adduct 3 with high stereoselectivity (trans/cis : 96/4 as estimated by GC) in 79%

yield (Scheme 2). Isolation of the major trans isomer failed at this stage. However pure trans alcohol 6 was
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isolated in 73% yield after a chemoseleciive reduciion of ihe esier group with sodium borohydride in the
114
pieseiice of caicium chloride foliow 'iug the prCedlhc described b oy J.R. 1_,u1_y and COWOTKErs. 1t is esseniial 10

keep the reaction temperature bellow 0°C, otherwise (eg at room temperature) alcohol 6 is obtained along with
alcohol and (5R 7aR)-5- (d-nenrenvl\»tptmhvdrnnvrrn]nfl 2-cloxazolo-3-one 19 (see note 13 for

e [LOBLE R QRS A SN A 00N o S S 8 LA LA A Jeaall] 2.& SPASLANL i AN

structure) which is the result of an mtramolecular tranbestenf:canon of the carbamate group. The alcohol 6 was
uneventfully converted to the corresponding tosylate 7 in 96% yield. The three-carbon homologation
necessary to prepare 8 was performed in 75% yield, by nucleophilic displacement of the tosylate group when 7

was treated with an excess (6 equiv) of n-Pr,CuL.i in diethylether at -20°C for 36 h.

\ AN r -~
. I Jou
Lo,8n LU,Bn CO,Bn
4 : C
3
[c
|
/o . \ OTs I\
L )\n-Bu < ™ N, d - L )\/OH

~1
*

Qehoma 2 a) Dafeo V- MaOH_FEt. N(YT¢ _8°C: hY CH.~CH/(CHN.Cnn RE. OFt. _

AIWRARRRAL 4 ) LT VTN TRV RS R AT ASGL YA X 5y ~ Nry UJ Scdi7TCAA (W RAZ/5% My AFK JOSEa7
78°C to rt; c) NaBH,/CaCl,, THF/EtOH, -5°C ; d) TsCUNEy; e) n-Pr,Culi,
Et,0, -20°C

The trans stereochemistry of 8 was established after its conversion to the pyrrolidine 9 which was identical in
all respects to the known'’ (-)-pyrrolidine 197B (Scheme 3). Since 9, in our hands, was formed as a single
product, it can be assumed that the operations, as well as the conditions employed, did not compromise the
configuration of the original chiral center in 4. Having secured the absolute configuration of 8, the synthesis of
(-)-indolizidine 195B, was next undertaken. The Wacker process using bis-benzonitrile palladium (I)'*chloride
was applied to the olefinic compound 8, affording the methyl ketone (-)-10" in 77% yield. Finally, submission
OI IU o nyarogcn unaer dlmospnenc prebbure with l"(lIDdDU4 \or l’(l/C) as Cd[aly5[ resuited in Caroamatc
Al niinmm mamd Arileniancramt dsmtmnsmanlaniiTan waAdivAbiera nsainatiam Tandia s P R

LICdVd.gC danu \UUDCLIUCIIL iuuam(‘nm.uml 1cuubuvc auuuauuu lCdUlllE lU \ ) HIUUULIUUIC 1731) [\ ) ld.j, dlOny

with its C-5 epimer in a ratio of 84/16 (Scheme 3). The 3C NMR spectrum of a pure synthetic sample of (-)-1a

thug obtained after pugjflgatign by column chromatography, was identical with thm nf synthetic (3R SR’R aR)-3-
butyl-S-methyloctahvdroindolizidine, while the 'H NMR spectra broadly agreed The optical rotation of la

was -99 (c = 0215 MeOH), which is very close to the value of -97.1 cited for the sample obtained by C.
Kibayashi et al’

This result having demonstrated that the experimental plan in its stereochemical aspect was realizable, the
syntheses of (-)-indolizidine 223AB [(-) 1b] and (-)-indolizidine 239AB [(-) 1¢] with a three-carbons chain at
C-5 position, were then undertaken.
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Scheme 3 a) H, (1 atm), catalytic Pd/C (or Pd/BaSQ,), MeOH; b) O,,
PdCl2(PhCN),, CuCl, H>O-DMF (7/1), 60°C.

Treatment of the olefin 8 with m-chloroperbenzoic acid, in the presence of a phosphate buffer
(NaH,PO4/Na;HPO,, pH = 8) afforded the epoxide 11 as a mixture of two diastereomers in 69% yield.
Submission of i to excess et'nyimagnesium bromide and cataiytic (0.1 eq) copper iodide in THF at -20°C

ST

furnished the aicohol 12 which was readily oxidized with pyridinium dichromate (PDC) ieading to the key

I
45 .
propyl ketone 137 in an overall yield of 63% from 11. Lastly, on hydrogenation over palladium on carbon, 13
nrn\nrlf—\d {-indnlizidine ‘)’)1AR [( \ 1"\1 alano with ite (“ < pr\lmnr in a ratin ~f RE 1A Crharma AY  MNee
P M\ ALINSNSA R ANAR R AN e E N GLVLIE VY iUz AW WHILIIvL L A 1auuv Ul OV LT (audIiviie v Ul
synthetic sample of (-)-1b thus obtained exhibited after separation by column chromatography, °C and 'H
3 ;
NMR spectra identical to those of the natural® and others synthetic* > materials. The optical r rotation [0)*%y was
determined to be -97 (c = 0.815, hexane). This value compares favorably with those (-88 to - 102) % obtained

previously for synthetic samples.

) ™\ on [
8 — I\ e .KN)\"-B u L. P.j\ \‘\‘\‘kN)\ n-Bu
! n- (CH ) l
/ CO,Bn CO,Bn
l 12

V
i d NN B
C5epih + N By el ) [\ T n-Bu
L] PRy CO,Bn
N,
n-Pr
1b 13

T A T Y¥YMMA AT TY 1N ToLaoa

Scheme 4 a) m-CPBA, CHyClp, NapHPO4/NaH,PO, (pH = 8); b) EtMgBr (excess),
Cul (0.1 eq), THF, -20°C; ¢) PDC, CH,Cl;; d) Hz, 10% Pd/C, MeOH.
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y modified manner, the epoxide ii was readily converted to (-)-indolizidine 239AB [(-) 1¢]
2 e a n AT aAALe: P PR

5 his time we needed a nuc cleophilic addition of a 2- hydroxymethylene group equivalent to the
epoxide 11. Such a organometalhc being unstable we undertook its mtroductxon in two steps. Thus treatment
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methyl sulfide (Etzo, room temperature) and subsequent ox1dauon using hydrogen pCI"OdeE in the presence of
sodium hydroxide to afford the diol 15 in 82% yield. Subsequent to unsuccessful attempts to protect the primary
alcohol as a trityl ether, we prepared the corresponding benzoate 16 in 72% yield, by slow addition of benzoyl
chloride (1 equiv) to a cooled (-40°C) solution of diol 1S and pyridine in chloroform. Then, the secondary
alcohol readily underwent oxidation with pyridinium dichromate (PDC) to provide in a quantitative manner
(96% yield) the ketone (-)-17. Exposure of the latter to an atmosphere of hydrogen in the presence of Pd/C in
methanol led stcrcoselectlvely, via debenzyloxycarbonyiation and subsequent reductive amination, to a 87/13
i (-) indolizidine 18 and its C5-epimer (Scheme 5). Transesterification of pure 18
nt "

22

p -37 (¢ 0.72, MeOH)}, performed on treatment with an excess of sodium methoxide afforded (-)-
indolizidine 239AB [(-)-1¢], in 86% yield, as shown by compagils.ion of its optical rotation {[at]*’p -95 (¢ 0.35,
MeOH)}, 'H and '*C-NMR data with those previously reported.”™

QH —\
11 e (CHz)s\\ N n-Bu -—__1
|
Ii\ CO,Bn | b

/
L+
—

r~—

u[ L e ( \CHZ):‘\“ \T/\n—Bu

/I '/‘ CO,Bn
‘e, o~

T, T OR
/e
\I \!
OH OCOPh TE v 1o
c 15(X=H,OH;R=H)
() 1c 18 + C5-epimer (87/13) %16 (X =H, OH; R = PhCO,)
17 (X =0:; R = PhCO,)

Scheme 5 a) CH,=CHMgBr (excess), Cul (0.05 eq), THF, -40 to -20°C; b) BH;.DMS then
H,0,/NaOH; ¢) PhCOCI, pyridine; d) PDC, CH,Cl;; €) H,, 10% Pd/C, MeOH,; f)
MeONa, MeOH

Wa actahlichad 2 ganaral ctrataoy for encececefill annraach ta the anantinnnre indalizidinee (.Y TQER ()
YY O Lotauvlldiivua a E\Jll\llal oLlatw _y UL DULLLOoL UL Q) l.uuavu v uiv Ullmlll\JlJul\; THIIUUILLIULLICD \-} I’Ju, [')-
23A and ()-230AR which bear a n-butvl oroun at C3 nosition. These nractical svnthecee have heen
s LR AF GriNE R MO ZORAR, WILLIL VUG 4 STULLY: paVup v oJ pUSaullia. oo H (3L DY UMIVILS YLV ubvild

c s 1 v “ steps) from natural (S)-
prohne In terms of shortnesq and especmlly stereoselectlvxty, our strategy compares favorably with those
previously reported.
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General. Unless otherwise specified, materials were purchased from commercial suppliers and used without
further purification. THF and Et;O were distilled from Na-benzophenone ketyl immediately prior to use.
CH,Cl, was distilled from calcium hydride. All reactions involving organometallic reagents were carried out
under an argon atmosphere. The 1-lithiopent-4-ene was prepared from 5-bromopent- 1-ene'® and lithium in E,O
at -20°C (in ca 70% yield) and the concentration were typically between 0.6 and 0.8 M as determined by
titration.”~ Analytical TLC was performed on Merck precoated silica gel (60 Fass) plates and column
chromatography on silica gel Geduran SI 60 (40-60 wm) (Merck). Optical rotations were measured on a digital
polarimeter in a 1 dm cell. ‘H NMR spectra were recordcd in CDCI; solution at 250 MHz and **C NMR spectra

n LUL13 solution at 62.9 MHz uniess stated otherwise. l’l chemical shifis are expressea reiative to LﬂLh at o

3~
/ L/ dIlU d! L. LllCHllLdl Sllll Lb lCldLlVC lU bubl} dl U I I 1 pplll VV HCll a car UduldlC lllUlCly l& perCHl l[l a IIlUlCLUle
two rotamers are observed in 'H and '*C NMR. Mass spectra were recorded on a Varian (Saturn type) GC/MS

;Cﬂ tra ) instrument Flpmpnfn] analvgic were nprfnrrppd hv the Service Réoional de Microanalvse de

Cantainis Quiiyois Yvaesw v AN Gaa IYiiavdandiyse  uw

(55)-2-Methoxy-1-[(benzyloxy)carbonyl]-5-methoxycarbonylpyrrolidine (5). A 150 mL undivided jacketed
cell was charged with a magnetic stir-bar, 14.8 g (56.2 mmol) of (25)-1-[(benzyloxy)carbonyl]-5-
methoxycarbonylpyrrolidine, 50 mL of dry methanol and 0.61 g (2 mmol) of tetraethylammonium p-
toluenesulfonate. Two graphite plates spaced 4 mm apart were immersed into the solution in order to have a
working electrode surface of 20 cm?. While the electrolysis cell temperature was maintained at -5°C, under inert
atmosphere, a constant current of 0.5A (voltage 8-12V) was passed through the solution. Progress of the anodic
oxidation was monitored by gas chromatography. After 5.5 F/mol have been passed through the solution, the
electrolysis was siopped, and the reaciion mixiure was conceniraied in vacuum. The resulting residue was
dissolved in 80 mL of CH,Cl; and washed with H>O (2 x 20 mL). The combined aqueous phases were extracted

with ("I-L("‘l f")ﬂ ml \ and the combined oreanic extracts dried over sodium eulfate. Filtration. concentration an
ii " L1 I\/ SALLIVE VIAW WAJAARL/ AR b WAAEMALLL JMILALW,. I IIUIKALIV LR, W l\-f\dllLl u\.l\ 11 i

J.

ov}

purification m‘ the residue by column chromatography ( 1:2 AcOEt/cyclohexane) gave 12.36 g (75%) of § as a
pale vellow oil: IR (neat) 1730, 1700, 1580, 1490 cm™; '"H NMR & 1.75-2.50 (m, 4H), 3.26, 3.33, 3.42, 3.45,
3.49, 3.64, 3.73, 3.76 (8s, 2 OCH3), 4.30-4.50 (m, 1H), 4.95-5.20 (m, 3H), 7.30-7.42 (m, 5H); *C NMR §
26.90, 27.95, 28.02, 30.00, 30.69, 32.06, 32.65, 51.87, 52.00, 52.11, 55.36, 55.65, 58.85, 58.91, 59.04, 59.15,
67.14, 67.36, 67.49, 88.60, 89.15, 89.79, 127.85, 127.89, 127.96, 128.29, 128.35, 135.96, 136.08, 157.76,

172.55, 172.70, 172.73.

~

(28,5R)-1-[(Benzyloxy)carbonyl]-2-methoxycarbonyl-5-(pent-4-enyl)pyrrolidine (3). To a vigorously
stirred suspension of CuBr.DMS (16.03 g, 78 mmol) in Et,O (150 mL) was siowly added a solution of 1-
lithiopeni-4-ene (0.8 M in Et,O, 97 mL, 77.6 mmol) via cannuia at -50°C under an argon atmosphere. The
resulting dark brown mixture was stirred for 30 min at -45 to -35°C, then cooled to -78°C. Boron trifluoride
1A 7 T 117 memal) wac addad Aranwuica via curinags Aftar 18 min Af ctirring at tha cama t

armmaratitea
./ I, 117 uuuul) was aGGea ULUP WIASL Vite SYLIUEU. J3401 1o Ul UL SULLIUE At Wiv Saliu wiupulawalie,

1
1 WG LIV C s Riraaaisa g AL Riiual W

on of g-aminoether 8§ (11,47 g, 39 mmol) in Et;0 (20 mL) was Q]nwlv added via cannula under argon
tmosphere, then the dark reaction mixture was allowed to attain ambient temperature over 4 to S h. The
reaction was quenched at room temperature with a mixture of saturated aqueous NH4Cl (40 mL) and
concentrated aqueous ammonia (40 mL). The resulting mixture was vigorously stirred for 30 min then passed
through a plug of celite eluting with CH,Cl, (300 mL). The organic effluent was washed with water (30 mL),
then dried over sodium sulfate. Filtration, concentration and purification of the residue by flash chromatography

(1:2 AcOEUcyclohexane) gave 10.31 g (79.5%) of 3 as a pale yellow oil: [0.]251) -72 (¢ = 1.08, MeOH); IR
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(neat) 1730, 1700, 1650, 1590, 1490 cm™; "H NMR & 1.24-2.09 (m, 10H), 3.49 and 3.70 (2s, 3H), 3.92-4.09 (m,
1IN A 24 fht T — QA IT> 111N A QN_§ 9N (v AN S AD S QQ (v 1IN T ION_T7 28 (1 KL\ B3 ZNMD ] 1€ £
1X1j, 4.5 (0, J = 0.U 114, 111), 4.7U-J.2vu (ill, 711j, J.UL~J.07 \Ull, 151, 7.4U~/.30 (\Iii, JI1j, © INIVIN O £2J.00,
25.76, 27 32, 27.56, 28.22, 28.60, 33.23, 33.45, 33.63, 33.88, 51.90, 52.09, 57.93, 58.69, 59.36, 59.53, 66.69,
66.90, 114.59, 127.85, 128.33, 136.59, 138 32 138.54, 154.17, 154.76, 173.01, 173.21; MS (ED) m/z (%) 272
(M'-CO,Me, 6), 244 (4), 228 (22), 218 (17), 196 (14), 91 (100).

(28,5R)-1-[(Benzyloxy)carbonyl]-2-hydroxymethyl-5-(pent-4-enyl)pyrrolidine (6). To a stirred cold (-5°C)
suspension of anhydrous calcium chloride (1.91 g, 17.2 mmol) and sodium borohydride (1.3 g, 34.8 mmol) in
dry THF (20 mL) was added a solution of 3 (2.85 g, 8.6 mmol) in dry ethanol (24 mL) under an argon
atmosphere. The resulting suspension was stirred for 18 h at -5°C and then concentrated under vacuum. To the
pasty residue was added ethyl acetate (50 mL), then under stirring 1M aqueous citric acid solution was carefully
added at 0°C until the prec1p1tate disappeared. The mixture was extracted with ethyl acetate (5 x 20 mL). The

- AA‘AA.: TR A, swnchad syrdd L amcimsee cmbizemtad RT-TIMMN Ids | ~in Ty 1 /1 AN b SN 1
LOHIDIHC(J eXtracts were wa uc Wllll AUCOUS Sdiuraicd mNdrlug (£ X ZuU IL), Orne (1 X ZuU mL), arlea over
Az enlfata filtasad and cancantratad Dusifinatinm Af tha racidnae ly flach rhramantageanbhagy me cilion onl 7101
SOUIULLL Sullaie, 1HICITU alild LOUNRGIIH atCU, Culiiivaduil Ul uic iosiauc Uy Liasi Ciiioinatogiapiiy o1 Sica gCl (1.1
AcOFEt/cvclohexane) gave 0.26 ¢ (9.9%) as a mixture of alcohol 6 and its ¢is isomer. and 1.92 ¢ (72 .69%) of nure
JVIVLIVAQIIV ] TV V.aU 5 \(7.7 /U] o & A Wi QRIWWVIIVI U QKIIW AW0 VKD I0oViLIvL, QLI 1. 7L 5 \IJ.\I Il/} vi iJul\/
22
trans 6 as colorless oils: [®]*p -67 (¢ = 1, MeOH); IR (neat) 3460, 1690, 1600, 1510, 1460 cm™; '"H NMR &

1.19-1.42 (m, 4H), 1.53-1.80 (m, 2H), 1.80-2.20 (m, 4H), 3.69 (m, 3H), 3.83 (m, 1H), 4.06 (m, 1H), 4.83-5.25
(m, 4H), 5.60-5.85 (m, 1H), 7.36 (bs, 5H); °C NMR & 26.36, 26.59, 27.02, 27.40, 28.66, 31.97, 33.09, 34.10,
34.31, 59.29, 59.40, 60.75, 66.47, 66.87, 67.24, 67.72, 115.14, 115.32, 128.60, 129.09, 137.03, 137.64, 138.99,
139.32, 155.14, 156.92. MS (CI, i-butane) m/z (%) 304 (M+17, 99), 286 (4), 272 (14), 260 (49), 236 (5), 225
(12), 196 (100), 168 (4), 152 (5), 126 (12), 91 (19); Anal. Calcd. for C;sH,sNOs: C, 71.25; H, 8.31; N, 4.62.
Found: C, 71.07; H, 8.31; N, 4.49.

3
chloride, water (40 mlL
extracted with dichloromethane (5 x 10 mL) The combmed extracts were washed with saturated aqueous
NaHCOs (2 x 20 mL) and water (1 x 20 mL). The organic phase was dried over sodium sulfate, filtered and
concentrated to give an oily residue, which was purified by flash chromatography (1:1 AcOEtcyclohexane) to
give 3.9 g (96%) of the tosylate 7 as a colorless solid: mp 38-40°C (uncorrected); [a]*'p -73 (¢ = 1, MeOH): IR
(neat) 1740, 1710, 1695, 1645, 1600, 1550, 1460 cm™; '"H NMR & 1.25 (m, 3H), 1.65 (m, 1H), 1.69 (m, 6H),
2.35 and 2.36 (2s, 3H), 3.66-4.18 (m, 4H), 4.85-5.20 (m, 4H), 5.60-5.80 (m, 1H), 7.18-7.28 (m, 7H), 7.62 and
7.69 (2 bd, J = 7.9 Hz, 2H); C NMR & 20.98, 24.98, 25.26, 25.34, 25.86, 26.12, 30.89, 32.79, 32.94, 55.00,
55.64, 57.63, 58.21, 66.09, 66.87, 68.58, 68.98, 114.09, 114.18, 126.48, 127.29, 127.40, 129.11, 132.37,

132.52, 136.04, 136.13, 137.83, 138.01, 144.24, 144.36, 152.90, 153.60.

D EDN 1 TiD e lacvelnanhane]l D hasés ] £ Mot A oD oerzenen 1202 FOY T R-Pp [P P o G S BT B 1
4NON)=1-[{DCIILYIVAY JALAl DUILY 1 =L~ DUBLY 1o  PCHS=CILY P Y1 UIIUIIC (0. 1O d SUTITU SUSPCIISION OF LUl {(£.)
a 171 mmalyin Ft- DY (10 mT Y wac added a enlntinn af s_nranvllithinnm (077 A in Bt ) 21 8 onl A4 D s~
&y 1401 HINULY 1 DU L1V Ui WAaS auuvud 4 SUITUMLUI UL ATPILVP YITUEIULLE (V.7 7 IVE L DA, J 1D o5 2 THITTUL )

via cannula at -50°C under an argon atmosphere. The resulting dark brown solution was stirred for 30 min at

40 to -30°C before being cooled to -60°C. A solution of tosylate 7 (0.89 g, 1.9 mmol) in Et;O (4 mL) was
added, then the reaction mixture was allowed to warm to -20°C. After 36 h stirring at -20°C the reaction
mixture was quenched at ca 0°C with a mixture of concentrated NH4OH (20 mL) and saturated aqueous NH,Cl
(20 mL). The mixture was vigorously stirred for 30 min and extracted following the procedure described for
compound 3. Purification by flash chromatography (1:2 Et;O/pentane) gave 0.48 g (75%) of the 2.5-
dialkylpyrrolidine 8 as a colorless oil: [0]*p -78 (¢ = 1, MeOH); IR (neat) 1700, 1650, 1460, 1410 cm™'; 'H
NMR 6 0.84 and 0.89 (2t, J = 5.1 Hz, 3H), 1.09-1.31 (m, 7TH), 1.57-1.67 (m, 4H), 1.80-2.17 (m, 5H) 3.67-3.90
(m, 2H), 4.70-4.99 (m, 2H), 5.07 (ABq, J = 16 Hz, 1H), 5.20 (ABq, J = 16 Hz, 1H), 5.77-6.01 (m, 1H), 7.37-
7.65 (m, SH); *C NMR 8 13.82, 13.94, 22.38, 22.53, 25.84, 26.54, 27.51, 28.66, 32.14, 57.42, 57.54, 57.90,
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butyl-5-(pent-4-enyl)pyrrolidine 8 (20 mg, 0.06 mmol) in methanol (2 mL) was added 10% Pd/C (20 mg) and
the resulting mixture stirred under hydrogen atmosphere for 30 min. The reaction mixture was passed through a
plug of celite eluting with Et,0 (40 mL) and the effluent was concentrated under vacuum (at 20 mm Hg, bath
temperature bellow 30°C). The residue was purified by flash chromatography [10:1 CHClq/(MeOH/NHAOH
95:5)] to give 11 mg (92 %) of (-)-pyrrolidine 197B (9): [0]*'p -6.3 (¢ = 0.72, CHCI3) [lit."”® [0)”p -5.8 (¢ =
0.61, CHCI3)]; IR (neat) 3350, 2960, 2920, 2860, 1640, 1530, 1460 cm™'; "H NMR & 0.85 (t, J = 6.9 Hz, 3H),
0.87 (1, J = 6.9 Hz, 3H), 1.15-1.54 (m, 16H), 1.84-2.00 (m, 2H), 2.03-2.19 (m, 1H), 3.04-3.18 (m, 2H); '’C
NMR & 14.14 (2C), 22.72, 22.91, 27.05, 29.55, 32.07, 32.45 (2C), 36.68, 36.95, 58.15 (2C); MS (EI) m/z (%)
196 (3), 152 (21), 138 (100); MS (CI, NH3) m/z 198 (M+17, 100).

(ZR,5K)-1-[(Benzyloxy)carbonyij-Z-butyi-5-(4 oxopent yhpyrrolidine (1d). Oxygen was bubbled during 1 h

e SEL S BN 3 Mo /14

mna 5u5pcn>mn Ul Ulb\UCIlLUIllLH e\ulChIOI—Opa“aC{lulll (20 g, U l‘l' IMImoL) ang Lull (14 mg, U.l‘+mm01) in i3
Al

T A MAAT/IT O 7711\ 1wt at AN A ~AfF cuhotrnta @ /N AQ 1 A8 senAal) o & e T ~F MAMEC/IT M
I UL LWV (i) MiiXtwie at uu \., A SUMILICH OI suossiail o \VTO 5, 140 LUIIULY 1 D 1L UL VI I\

(7/1) mixture was added. After 3 days of oxygen bubbling at 60°C, aqueous solution of HCI (3M, 15 mL) was
added at room temperature and the mixture extracted with Et;0 (3 x 10 mL). The cembined extracts were
washed with saturated aqueous NaHCO4 (10 mL) and dried over Na,SO,. After filtration and concentration, the
brown oily residue was subjected to purification by flash chromatography on sxhca gel (1:1
AcOEtcyclohexane) to give 0.39 g (77 %) of 10 as a colorless oil: [0]%p -64 (c =1, CHCls] [lit.” [0]%p =63 (c
= 0.94, CHCIy)]; IR (neat) 1720, 1690, 1590, 1490 cm™; '"H NMR & 0.83 and 0.89 (2t , J = 6.5 Hz, 3H), 1.25
(m, 6H), 1.58 (m, 5H), 1.96 (m, 3H), 2.03 and 2.12 (2s, 3H), 2.25 (m, 1H), 2.45 (m, 1H), 3.63-3.90 (m, 2H),
5.02 and 5.25 (ABq, J = 12.5 Hz, 2H), 7.20-7.43 (m, SH); B5C NMR 8 13.92; 14.04, 20.53, 22.46, 22,60, 26.62,
27.57, 28.72, 29.87, 31.99, 32.19, 33.45, 33.54, 43.14, 43.33, 57.22, 57.71, 58.16, 66.34, 127.82, 128.01,
128.35, 137.00, 154.09, 154.25, 208.39, 208.77.

Filtration of the mixture through a plug of celite, washmg thh Et,0 (40 mL) and concentration (bellow 30°C at
20 mm Hyg) gave a brown oily residue which contain indolizidine (-) 1a and its C-5 epimer in an 86:14 ratio (hy
GQ). Purification by flash chromatography on Al,Ox (1:3 CHCls/hexane) gave 30 mg (14%) as a diastereomeric
mixture and 164 mg (81%) of pure (-) 1a: [a]p -99 (¢ = 0.21, MeOH) [it>" [o0*p -101.3 (c = 0.15,
MeOH)]; 'H NMR (200 MHz) & 0.87 (t, J = 7.2 Hz, 3H), 0.97-1.98 (m, 19H, including d at 1.07, J = 6.4 Hz,
3H), 2.24-2.43 (m, 2H), 3.16-3.33 (m, 1H); °C NMR (50 MHz) § 14.29, 20.55, 23.09, 24.80, 24.93, 26.40,
29.27, 30.11, 32.51, 34.64, 52.01, 58.81, 59.01; MS (EI) m/z (%) 195 (M", 24), 180 (57), 166 (10), 152 (30),
138 (100); HRMS Calcd. for Cy3HsN: 195.1887, Found 195.1987.

(2R,5R)-1-[(Benzyloxy)carbonyl]-2-butyl-5-(4,5-epoxypentyl)pyrrolidine (11). To a cooled (ice bath)

TYMRLA AT TY

solution of 8 (i.33 g, 4.04 mmol) in TH;Cl,; (5 mL) and 5 mL of phosphate buffer {Na,HPO,/NaH,PO,, prl =
P4 1
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extracts were washed with saturated aqueous Na,CO;3 (5 mL), brine (5 mL) and dried over NaQSO4 Filtration,
concentration and purification of the oily residue by flash chromatography (2:1 Et,O/pentane) gave 0.97 g
(69%) of 11 (diastereomeric mixture) as a pale yellow oil: IR (neat) 1720, 1710, 1690, 1560, 1525, 1480, 1440
cm’; '"H NMR 8 0.81 and 0.88 (2t, J = 6.7 Hz, 3H), 1.12-1.88 (m, 16H), 2.30-2.41 (m, 1H), 2.60-2.88 (m, 2H),
3.68-3.73 (m, 2H), 4.98 and 5.12 (ABq, J = 12.2 Hz, 2H), 7.27-7.34 (m, 5H); BC NMR § 13.92, 14.05, 22.44,
22.60, 22.85, 23.01, 23.16, 26.57, 27.52, 28.72, 32.04, 32.16, 32.50, 33.51, 33.76, 47.08, 51.98, 52.35, 57.36,
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57.46, 57.70, 57.82, 66.44, 127.85, 127.97, 128.33, 136.87, 154.25, 154.35. Anal. Calcd. for C;;H3;NO; : C,

73.00; H, 9.05; N, 4.05. Found: C, 73.03; H, 9.16; N, 3.94.
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reaction mixture was quenched w1th agueous solutlon of HCI (5§ mL, 1M) and extracted with EtZO (2x 10 mL).
The combined extracts were washed with saturated aqueous NaHC03 (10 mL), brine (10 mL) and dried over
Na;SO,. Filtration, concentration, then purification of the residue by flash chromatography on silica gel (2:1
Et,0/pentane) gave 0.79g (73%) of alcohol 12 as a colorless oil: IR (neat) 3430, 1680, 1590, 1500, 1450 em’;

'H NMR § 0.75-0.84 (m, 6H), 1.12-1.87 (m, 21H), 3.35-3.70 (m, 3H), 4.99 and 5.12 (ABq, J = 12.4 Hz, 2H),
7.19-7.28 (m, SH), 13C NMR d 14.02, 14 16 18 84 22 39 22.54, 22 70 23.02, 26.53, 27. 51 28.82, 32.02,

....

‘127.95, 115.44, ‘13704 134 39, 154.41. Anal. Lalcd for (.,231'137NU3 L 73. Db 995 N, 575 bound L
N AN, TT N O A % D O
73.39.H, 9.82;, N, 3.82
MR S 1. 0(Ranzvinvyvicarhanvil. 2. hntvl.&.id.avohentvDinvrralidine (1Y Tnh a ctirred encnencian  af
\hl\,ul\] s l\ubllu] IUAJ FAS 2 I-IUIIJ A vuw‘,l L N vAvll‘v‘ll-J l[!lJl.lUllulll\.a \ LS} POV (28 guiliva OUDF\AIIDIUII vi
pyridinium dichromate (1.53 g, 4.07 mmol), in CH,Cl, (5 mL), was added a solution of alcohol 12 (0.61 g,

1.62 mmol) in CH;Cl; (3 mL). The dark mixture was stirred at room temperature for 30 h, then diluted with
Et;O (20 mL). The resulting dark slurry was filtered through a pad of celite, and washed with Et,O (60 mL).
The combined filtrates were washed with brine (10 mL), dried over Na,SQg. Filtration, concentration and
purification of the residue by flash chromatography on silica gel (2:1 Et;O/pentane) gave 0.52 g (86%) of
ketone 13 as a co]orless oil: [a]*’p -60 (¢ = 1, CHCl,) [lit.” [0]*’p -58.5 (¢ = 1, CHCly)]; IR (neat) 1690, 1500,
1450, 1400, 1350 cm™™; 'H NMR & 0.77-0.92 (m, 6H), 1.15-2.98 (m, 16H), 2.21-2.36 (m, 4H), 3.64-3.82 (m,
2H) 498 and 5 11 (ABq 12.5 Hz, 2H), 7.26-7.31 (m, 5H); *C NMR § 13 81, 14.04, 14.18, 17.34, 20.63,

28.84, 32.03, 33.62, 42.36, 42.52, 44.83, 3/ 36,5

2 g ~ T A s W 8 tWaYay
1, i

, 211.33; MS i-Butane) m/z 374 (M+1%, 100),
Calcd. for C23H3;N03 C, 73.95; H,9.45; N, 3.75. Found: C, 73.69; H, 9.37;

A2y \2~77. £% LA U . vvu

R

,,6 mol) and 5% Pd/BaSOA ( 1 e) in MeOH ( 5 mL) was stxrred under an atmosnhexe of hydrogen (1

atm). After 5 h stirring, the TLC monitoring showed no cyclization. The mixture was filtered through Celite,
washed with MeOH (20 mL). After drying over NapSQq, the filtrate was submitted to the hydrogenation
conditions in the presence of 5% Pd/C (1 g). Workup and purification as for 1a gave 0.24 g (40%) of pure 1b as
a volatile colorless oil: [0]p —97 (c = 0.81, hexane) [lit"'® []® -101 (c = 2.3, hexane)}; IR (neat) 2960,
2930, 2850, 2800, 1460, 1380 cm™'; '"H NMR & 0.85-0.92 (m, 6H), 0.97-1.91 (m, 20H), 2.31-2.38 (m, 2H), 3.20
(bt, J = 9.2 Hz, 1H); >C NMR § 14.25, 14.60, 19.38, 23.03, 24.73, 24.99, 26.40, 29.19, 30.12, 31.02, 32.47,

35.94, 56.63, 58.54, 59.02; MS (ED) m/z: 224 (M+1%, 7), 180 (95), 166 (100), 124 (37). Anal. Calcd. for
CisHxN : C, 80.64; H, 13.09; N, 6.27. Found: C, 80.50; H, 12.98; N, 6.19

(2R,5R)-1-[(Benzyloxy)carbonyl]-2-butyl-5-(4-hydroxyhept-6-enyl)pyrrolidine (14). To a cold (- 20°C)

susnension of Cul 7110 moe. 0.05 mmol) in THF (5 ml, \ was added a solution of v1nv]mnonf=mnm bromide {| M
HUI!OIUII vl \/UL \AU lll&, V.U BRIV AXL &~ o AL WSANIRAAAANANY
in THF, 10 mL, 10 mmol) vig a syringe under an argon atmosphere. The resulting mixture was stirred for 5 min,

then cooled to -40°C before adding a solution of epoxide 11 (0.69 g, 2 mmol) in THF (3 mL). The reaction
mixture was allowed to warm to -20°C and stirred for 2 h at this temperature before being quenched with
agqueous solution of HC1 (1 M, 5 mL) and extracted with Et;O (4 x 10 mL). The combined extracts were washed
w.ith brine (10 mL), dried over Na,SQy, filtered and concentrated under vacuum. Purification of the residue by
flash chromatography (2:1 Et,O/pentane) gave 0.66 g (88%) of alcohol 14 as a pale yellow oil: IR (neat) 3410,
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1680, 1590, 1500, 1410 cm™; 'H NMR & 0.75 and 0.82 (t, J = 6.9 Hz, 3H), 1.09-2.35 (m, 19H), 3.42-3.88 (m,
3H), 4.99-5.25 (m, 4H), 5.68-5.90 (m, 1H), 7.29-7.39 (m, 5H); °C NMR & 13.95, 14.09, 22.32, 22.48, 22.64,
2278, 26.57, 26.65, 27.54, 28.75, 32.25, 32.38, 33.58, 33.80, 34.00, 36.36, 36.50, 41.95, 42.11, 57.43, 57.69,
57.92, 58.13, 66.35, 70.35, 117.63, 117.76, 117.90, 127.79, 127.86, 127.94, 128.35, 134.80, 135.04, 137.02,
154.18, 154.20. Anal. Caled. for C;3HasNOs : C, 73.95; H, 9.45; N, 3.75. Found: C, 73.59; H, 9.69; N, 3.46.

(2R,5R)-1-[(Benzyloxy)carbonyl]-2-butyl-5-(4,7-dihydroxyheptyl)pyrrolidine (15). To a cold (ice bath)
solution of homoallylic alcohol 14 (0.66 g, 1.77 mmol) in dry Et;O (5 mL) was added dropwise BH;.SMe> (2 M
in THF, 0.59 mL, 1.18 mmol) and the solution was stirred for 3 h at room temperature before addition of EtOH
(2 mL) and aqueous NaOH (3 M, 0.3 mL). After addition of 0.3 mL of H,O; (33%) at 0°C the reaction mixture
was heated at reflux for 1 h. To the cooled solution (0°C) was added cold water (10 mL) and the mixture was
cxtracted with EtZO (3x 10 mL) The combined extracts were washed With water (2 X 10 mL) brine (10 mL)

. , 27.60, 882 29.06,
29.19, 32.29, 3_41 33.59, 33.92. 34.10, 34.51, 37. 15 57. 80 58. 06 58. 23 62 641 66.50, 71.11, 71.36,
127.91, 128.43, 136.94, 137.11, 154.31, 154.48. Anal. Calcd. for C3H37NOy: C, 70.55; H, 9.53; N, 3.58.
Found: C, 70.60: H, 9.51; N, 3.74.
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(2R,5R)-1-[(Benzyloxy)carbonyl]-5-butyl-2-(4-hydroxy-7-benzoyloxyheptyl)pyrrolidine (16). To a cooled
(-40°C) solution of diol 15 (0.57 g, 1.46 mmol) in dry CH;Cl, (5 mL) was added benzoyl chloride (0.15 mL,
1.46 mmol) and pyridine (0.12 mL, 1.46 mmol) under an argon atmosphere. The resulting solution was stirred
at -40°C for 3 h and additional 18 h at room temperature. To the mixture was added CH»Cl, (5 mL) and
aqueous HCl (I M, 2 mL). The orgamc phase was washed with saturated aqueous NaHCO (3 mL), water (3

ntimm nmAd et fiantia
LIVl aliu Pullllba‘.lu

(1:1 AcOEt/cyclohexane) gave 0.52 g (72%) of benzoate 16 as a yellow oil: IR (neat) 3430, 1720, 1690, 1600,
1500, 1450, 1410 em™; "H NMR 8 0.75 and 0.78 (2t, ] = 6.6 Hz, 3H), 1.00-1.97 (m, 21H), 3.53-3.74 (m, 3H),
4.25-4.30 (m, 2H), 4.97 and 5.11 (bABq, J = 12.5 Hz, 2H), 7.21-7.28 (m, 5H), 7.36 (bt, J = 7.7 Hz, 2H), 7.47

(bt, I = 6.3 Hz, 1H), 7.96 (d, J = 5.1 Hz, 2H); BC NMR § 14.02, 14.16, 22.53, 22.55, 22.57, 25.11, 26.78,
26.80, 27.63, 28.82, 32.29, 32.49, 33.61, 33.82, 33.84, 37.21, 57.78, 57.93, 58.21, 65.06, 66.42, 71.14, 127.92,
128.38, 129.56, 130.38, 132.87, 137.23, 137.24, 154.68, 154.70, 166.67, 166.69. Anal. Calcd. for C3pH4;NOs:
C, 72.69; H, 8.34; N, 2.83. Found: C, 72.86; H, 8.50; N, 2.74.

(2R,5R)-1-[(Benzyloxy)carbonyl]-2-butyl-5-(4-0x0-7-benzoyloxyheptyl)pyrrolidine (17). Following the
procedure cmployed for the oxidation of 12, alcohol 16 (0.49 g, 1 mmol) gave, after purmcatlon by flash

chromatography (1:1 AcOEt/cyciohexane), 0.47 g (56%) of ketone 17 as a pale yellow oil: [& 1'*5 -54 (c = 1.0,
MeOH); IR (neat) 1700, 1600, 1580, 1500, 1490, 1450, 1400 cm™; 'H NMR & 0.74 and 0.82 (2bt, J = 6.9 Hz,

1 LI
2H);
43, 42.59

8.04, 956 13002 133 8‘3 13 01 15433 155]6 166.53,
H, 7.96; N, 2.84. Found: C, 72.90; H, 8.03; N, 2.86.
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5725 57.76, 58 23 64 19, 6643 127 89 12
209.42, 209.79. Calcd. for C30H3NOs: C, 72.99;

(3R,5S,8aR)-3-Butyl-5-(3-benzoyloxypropyl)octahydroindolizidine (18). According to the procedure
described for 1a and 1b, treatment of 17 (400 mg, 0.81 mmol) with 10% Pd/C (400 mg) under hydrogen
atmosphere in MeOH (5 mL), gave a mixture of indolizidine 18 and its C-5 epimer in a 87:13 ratio. Purification
by flash chromatography [9:1 CHC13/(MeOH/NH4OH 20:1)] provided 25 mg (9%) as a mixture of epimers and
230 mg (82%) of pure 18 as colorless oils: [ar“p -37 (c = 0.72, MeOH); IR (neat) 2930, 2860, 2790, 1720,
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1600, 1580, 1450 cm™; "H NMR 6 0.81 (t, ] = 6.7 Hz, 3H), 0.84-2.06 (m, 20H), 2.31-2.56 (m, 2H), 3.17-3.32

17T A 1 £ b g F-4 ¢ I & g8 ATTN ~ 20 s+ T TN TY_ AT N [ B ~ ~Q '8 ¥ A TY 1YY QO n1 e | T ~ A NN IT
(m, 1H), 4.31 (t, ] = 5.8 Hz, 2H), 7.38 (bt, J =7.2 Hz, 2Ih), 7.55({,J = /7.4 iz, 1H), 83.01 {ad, J = 7.4, 0.9 Hz,
ALy, B3 NMD R 1497 9208 24 8Q 2402 DK 17 D427 20 1Q 20NN M) 2N TR 20 VL KL 128 £EQ £1 &0 N&
Lﬂ}, O INIVIIN O [149.4 /1, £I.VUJ, &44.J0, &4.70, £4J. 0 1, £V, 017, £7.17, JU.UU (L), VVU. 10, J4.4V, VU.OJ, JO.L1, DTJ.VUL,
65.25, 128.36, 129.57, 130.42, 132.90, 166.68

(3R,5S,8aR)-3-Butyl-5-(3-hydroxypropyl)octahydroindolizidine [(-) Indolizidine 239AB, (-) 1c]. A solution
of indolizidine 18 (0.20 g, 0.58 mmol) in MeOH (2 mL) was added to a freshly prepared solution of sodium
methoxide (1M in MeOH, 3 mL, 3 mmol) and stirred for 10 min at room temperature. Methanol was removed
under reduced pressure and brine (5 mL) was added to the residue. Extraction of the mixture with Et,O (2 x 10
mL), drying of the combined organic layers over Na,SOy filtration, concentration and purification by flash
chromatography [9 1 CHCl3/(MeOH/NH,OH 20})] gave 120 mg (86%) of (-) lndollzldme 239AB (1¢) as a
colorless oil : [OL]“’D -95 (¢ = 0.35, MeOH), [lit” [(x]“ -87.5 (c = 0.16, MeOH); 11t [(x]“‘D -96 (c = 0.14,

MeOH)]; IR (neat) 3450, 2940, 2860, 2790, 1450 cm™ ; 'H NMR 86 0.89 (t,J = 7.2 Hz, 3H), 1.01-2.05 (m, 21H),

4 Tr 1YT\ ~ g N O 0 F¥TY 1TT ~N &N /. h g 1.1 A ~ 1 TIT 47T N -
2.34-2.51 (m ll“l), 2.54 (DSCX[, J= 472 nz, in), 3.2 (D[, =08.0 IlZ, 11}, 5.0U (Cl[, J=11.4,3.1HZ, 1), 3.0
A T _ 11 A4 A2 1T, 1IN I3 NMD R 1494 2904 24727 A€ 00 Y401 2720 AQ 04 90 NT D0 LA 2N £A
(at, J = 11.4, 4.5 n1Z, 1r1), “U INVMIR O 14.2%4, 22.7%, «4.0/, 23.U7, 20.Ul, /.07, 20.74, 27U/, 29.064, 5U.04,
21177 &85 785 &R A0 50 20 A2 17 MS(ED m/7 (05) 240 (M1t 1 Y IR (O 1724 (21 S /T NH2Y m/~»
JIAvYL, JJ‘L"’ SO, UJ, J/-J/, AV o lﬂ, Avxu\uxl 1M £ \Il/’ F i AV \LYL| 1 [ l\l\l}, Uy \Il‘], 1 Lt™T \Lﬂl}’ 1vivg \\/]1 j‘ll;l, v 4
(%) 240 (M+17, 100).

(2S, 5R)-5-(4-pentenyl)-tetrahydro-pyrrolo[1,2-cloxazol-3-one (19). Obtained as byproduct during the
reduction of 3 or tosylation of 6: [a]*p -64 (c = 1, MeOH); IR (neat) 1750, 1640 cm™'; "H NMR 8 1.40 (m, 6H),
2.02 (m, 3H), 2.20 (m, 1H), 3.60-3.91 (m, 2H), 4.09 (dd, J = 3.1, 8.8 Hz, 1H), 442 (dd, ] = 7.9, 8.8 Hz, 1H),
4.85-4.98 (m, 2H), 5.64-5.78 (m, 1H); BC NMR § 25.58, 31.29, 32.65, 33.32, 35.86, 58.61, 58.84, 67.27,
114.48, 138.43, 161.65. Anal. Calcd. for C;;H;7;NO,: C, 67.66; H, 8.78; N, 7.17. Found: C, 67.57; H, 8.85: N,
7.15.
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mixture of the two regioisomers. o-Electromethoxylation of 4 was then examined at different
temperatures and current densities. The best resuits were obtained when the electrolysis was conducted at

................ AN &
IUW LCIH[)CIdlulC \ ZU 10 -.) L.)

Luly, J. R.; Dellaria, J. F.; Plattner, J. J.; Soderquist, J. L.; Yi, N. J. Org. Chem., 1987, 52, 1487-1492.
Tolvlsulfonate 7 mav evolve into oxazolidinone 19 when is left pure at roo mneratura ar dnrin
AVIFISVLVUGW 7RGy VYVAYY Y VAGLULMILIVIY Ay WaILAL 1D Ivil pPuiv A 1y m L\«llllJ\.r i Ul Jdulilily
evaporation of solvents at temperature higher than 40°C
/ / \
\\\"( )\/OTS “‘“kN)w
s
N =\ | \
XN N— a o
BnO”~ O o’

Machinaga, N.; Kibayashi, C. J. Org. Chem., 1991, 56, 1386-1393.

Meyers, A. 1; Higashiyama, K. J. Org. Chem. 1987, 52, 4592-4597. Use of PdCl, as catalyst resulted in
modest yields.

Yamazaki, N.; Kibayashi, C. J. Am. Chem. Soc. 1989, 111, 1396-1408.

The natural sample exhibited a low optical rotation {[oc]”D 44 (c =1, hexan )} see reference 2.

Vo Thanh, G.; Lelerler 1.-P.; Lhommet, G. Tetrahedron: Asymmetry, 1996, 7, 221-2212.
andgrele, K. Synthesis, 1984, 885-885.

=
a
fo
Iz
— Q
“ ;,
1—



