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Abstract

A convergent enantioselective total synthesis of the neurotoxic spirocyclic
alkaloid (-)- perhydrohistrionicotoxin (2) is described. A Lewis acid-mediated
mtramolccular mune ene- type reactxon was used for the key spirocyclisation step
(14 to 3, with 3 being obtained as a single diastereoisomer). opli’OC:yuiS&hOﬁ
precursor 14 was prepared from enantiomerically pure ketone 13, itself available
via an efficient one-pot, three-component, couplmg reaction mvolvmg chiral
clectrophiles 9 and 10. The stereogenic centres of 9 and 10 derive in turn from

rrlace Linatina racaliitinn whisrh allawad annacge tn hath ~hiral alanteanhilacg
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from a common racemic precursor, 8. © 1998 Elsevier Science Ltd. All rights reserved.
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The sp1rocycuc alkaloid (-)-histrionicotoxin (1) was isolated [1] in 1971 from skin
extracts of the "poison dart" frog Dendrobates Histrionicus found in Colombia. This
unusual spirocycle exhibits important neurotoxic properties which are retained [2f] in the
non-natural derivative perhydrohistrionicotoxin (2).

(]

\ CaoHs

Both these structures have been popular targets for synthesis [2], with the first total
synthesis of (%)-histrionicotoxin being accomplished [3] in 1985, and the first
enantioselective route to the naturally occurring form of the alkaloid being reported [4] as
recently as 1990. The total synthesis of the racemic form of the perhydro derivative, a
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route not involving resolution of intermediates being recorded [7] in 1989. Herem we report
an efficient, convergent, and enantioselective total synthesis of (-)-perhydrohistrionicotoxin
which relies on an intramolecular, Lewis acid-mediated, imino ene-type reaction [8] as the
key spirocyclisation step. Our retrosynthetic analysis is shown in Scheme 1.

Retrosynthetic introduction of unsaturation to the C4Ho side-chain of the target
defines 3 which can be disconnected at one of the bonds to the spiro centre, thus generating
the key unsaturated imine intermediate 4. This material was envisioned to deliver 3 via an

intramolecular imino ene-type reaction [8c] mediated by some Lewis acid, proceeding via

8€s O

the proposed transition state assembly [8c] shown in Fig. 1.
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Scheme 1. Retrosynthetic analysns for convergent enantioselective total synthesis of (-)- perhydrohnstnomcotoxm (2)
(NP = protected or potential primary amine; OP = protected alcohol; X = leaving group; Y = potential leaving group.)
In the structure shown in Fig. 1, the imine ring is in a half-chair conformation, with an
equatorial pentyl group; coordination of the imine nitrogen and the oxygen of the protected
alcohol to the metal centre would then allow a chair-like transition state for spirocyclisation,
carbon-carbon bond formation taking place on the diastereoface of the imine opposite to the

pentyl group.
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Fig. 1. Proposed transition state for diastereoselective spirocyclisation (M = Lewis acid).
Continuing the retrosynthetic analysis of Scheme 1, disconnection at the imine site in

&7
4 reveals ketonic precursor 5. The synthetic equivalence of 1,3-dithiane to the keto group
$ 2% ™4

£ -

L )
in high enantiomeric purity via Sharpless kinetic resolution [9] of their common precursor,
racemic allylic alcohol 8. Scheme 2 shows the preparation of 8 (Y = OTBS) from simple
starting materials, and its subsequent conversion to chiral key intermediates 9 and 10.
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Scheme 2. (a) Ti(O'Pr)4, (-)-DIPT, TBHP, 3

TBAF, cat. HOAc, THF, 99%. (d) TsCi, DM 8%. u) as for {a) but with
(+)-DIPT, 40%. (g) Ha, PtOs, hexane 100%. (h) HNg, P(Ph)s, DEAD, THF, then TBAF, cat. HOAc, 98%. (i) as for (d)
93%. (i) as for (e}, 9%
SRS R gy BBV RS \Ty TS

The organolithium reagent shown in Scheme 2 (see Experimental) was reacted with
trans-2-hexenal to give 8 in near-quantitative yield and this racemic allylic alcohol was
subjected to two Sharpless kinetic resolutions involving (-)- and (+)-DIPT, respectively
Chiral alcohol (S5)-8 was obtained in 40% yield and > 98% e.e [9c]. This material was taken
on to iodide 9 via a standard sequence invoiving protection of the secondary aicohoi as the

methoxymethyl (MOM) ether, removal of the silyl protective group by fluoride, tosylation,
and Finkelstein reaction. The overall yield of 9 from (S5)-8 was 94% (four steps).

The (R)-enantiomer of allylic alcohol 8 was also available in >98% e.e [9c]. This was
converted to chiral electrophile 10 by catalytic hydrogenation to reduce the double bond,
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operations, five steps). With the two chiral electrophiles in hand, the synthesis proceeded via
the one-pot, three-component, coupling shown in Scheme 3.

BugS SnBus i) BuLi N
QB(A_ i) 9 csz/\/\/\/X_\/\l/\/\csz

S S - . S s
L iii) BuLi Na L OMOM
N iv) 10 \/
11 12
Scheme 3. Conditions: lithiation in THF (5 min at -78°C) then add 8, stir for10 min. at -78°C,
lithiation as before, then add 10 and warm to RT, 81%

Thus, the bis(tributylstannyl) derivative [11] of 1,3-dithiane (11) was treated
sequentially with butyllithium, electrophile 9, butyllithium, and finally electrophile 10 to
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Scheme 4. (a) NCS, AgNO3, Hz0-CH3CN, 86%. (b) P(Ph)s, benzene, 60°C, 97%. ( c) TiClo(O'Pr)a,
toluene-ether, RT, 45% based on 14. (d) Hj, PtO,, EtOH, 100%.

Hydrolysis [12] of the thioketal moiety by treatment with N-chlorosuccinimide and
silver nitrate gave azido ketone 13 (86%) which was treated with triphenylphosphine [13] to
yield imine intermediate 14 in near-quantitative yield. After a brief screening [14] of Lewis
acids and solvents for the key spirocyclisation step, dichlorotitanium d11sonronox1de was
selected and, to our delight, when unsaturated imine 14 was exposed to this

H

xture, spirocvcle 3 was obtained in

toluene/ether mixture, spirocycle 3 was obtained in 45% isolated yield and as a single
diastereoisomer with a trans double bond in the C4 side-chain. An added bonus was the

_________________ a1

remova Ul l.IlC lVlUlVJ prowcuve Z2Iroup (lLlI'lIlg the course OI the reaction ana/ or upon work-
up. Apart from the olefinic signals, the high-field 1H and 13C NMR spectra of compound 3
were quite reminiscent of those of perhydrohistrionicotoxin itself [7], and final proof of

structure was provided by catalytic hydrogenation of the double bond in 3 to yield (-)-
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perhydrohistrionicotoxin in quantitative yield and with spectral and physical data in
- hlichad 71
agreement with those published [7].

In conclusion, we have developed an efficient, convergent, and enantioselective route
to the neurotoxic spirocyclic alkaloid (-)-perhydrohistrionicotoxin. Apart from generally
high yields in the individual steps, salient features of the synthesis are (i) use of the
Sharpless kinetic resolution procedure to set up two of the stereogenic centres of the target
molecule from a common racemic precursor, (ii) a very efficient one-pot, three-component,
coupling procedure to assemble the "open-chain" skeleton of the alkaloid, and (iii) excellent
diastereoselection in the intramolecular imine ene-type reaction used for the spirocyclisation
step.
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instrument and only the strongest/structurally most important peaks are listed. Specific
rotation values were measured on a Perkin-Elmer 241 polarimeter and concentrations are
quoted in g/100 mL. Elemental analyses were performed either at the Analytical
Department, Research Institute for Pharmacy and Biochemistry, Prague, Czech Republic, at
Analytische Laboratorien, Lindlar, Germany, or at the Microanalysis Laboratory, Institute of
Physical Chemistry, University of Vienna, Austria. Ether and tetrahydrofuran (THF) were
distilled under nitrogen from Na/benzophenone. Dichloromethane, triethylamine and

pentane were dried over calcium hydride and distilled under nitrogen.

Hexamethylphosphoramide (HMPA) was dried over calcium hydride, distilled under
. . . Q .

nitrogen and stored over activated molecular sieves (3 A). Dry dimethylformamide (DMF)

.......... -1 £ _ AT 1. bl Lt 1

was puruldbcu rom l(ll'lLIl Dlllca gEI 101 nash cnromatography was purcnasea II'OIIl

Grace-Amicon. Reactions requiring exclusion of moisture were performed under argon in
glassware that had been flame-dried under vacuum. "Aqueous work up" refers to extraction
of the aqueous phase 3 times with ether followed by washing the combined organic phases
with brine, drying over MgSO4 and subsequent concentration under reduced pressure. The
pH 7 buffer was prepared from 20.5 g KH2PO4 and 3.5 g of NaOH and 100 ml water.

Alkyllithiums were titrated against N-pivaloyl-o-toluidine [15].

Racemic allvhr' alcohol 8.

(1) tert-Butyldimethylsilyl chloride (29.1 g, 0.193 mol) was added in one portion to
s 7 ) i

Vet s pa\ B - s | s AT A 1N ..
olution of 3-b ' and imidazole (29.7 g, 0.436 mol) in

[

I~
vl %) J
DMF (200 mL) and the reaction mixture was stirred overnight under argon at room
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(i1) A mixture of the bromide from above, Nal (39.4 g, 0.263 mol) and acetone (200 mL)
was stirred under argon at room temp. for 3 days. The precipitated NaBr was filtered off, the
acetone was removed in vacuo and the residue was distilled (92 - 949C/5.4 mm Hg) to yield
the iodide (51.20 g, 97 % over two steps) as a colourless liquid [17].

(iii) -Butyllithium [18] (53.5 mL, 1.50 M in pentane, 80.3 mmol) was added to a solution of
the iodide (12.05 g, 40.13 mmol) in pentane:ether (3:2, 400 mL) under argon at -78°C. The

AL 1&-VJ 42 1111300V1 ) 131 pCIildiIC . CLiIC] AR RLINCL QiR 4t L S A v
o

mixture was stirred for 5 min. and transferred via cannula to a solution of trans-2-hexenal
3:2, 50 mL) which had been precooled under argon
The TcaCLi n mixture was allowed to reach room temp. and quenched with water.
After aqueous work up and flash chromatographic purification (EtOAc:hexane/1:9) the
racemic allylic alcohol 8 (10.20 g, 93 %) was obtained as a colourless oil. lH.NMR: 9 5.65

(1 H, dt J'=15.5 Hz J*=6.5 Hz, =CH-CHD?), 5.45 (1 H, ddt J1=15.5 Hz J2=6.5 Hz I3=1.5
Hz, CH-CH=), 4.06 (1 H, m, CHO), 3.65 (2 H, m, OCH2), 2.40 (1 H, bs, OH), 2.0 (2 H, d,

,7 411, R AN & AaR; 24 WIS AR 7 4 234 V2, VLD L8 1 Y

ylop2g Hz, =CH-CH?), 1.6 (4 H, m, CH2CH2CH), 1.4 2 H, tq yloy2e Hz, CH2CH3),
0.9 (12 H, s+t, CH3+Bu), 0.06 (6 H, s, Si(CH3)2). 13C-NMR: 133.03, 131.60, 72.70, 63.39,
34.66, 34.29, 28.93, 25.93, 22.31, 18.33, 13.69. IR: 3356 2954 1472 1255 cm-L. Anal.
Caled. for C15H32028i: C, 66.11; H, 11.84. Found: C, 66.37; H, 12.00.

(R)-(+)- and (S)-( -)—8 via Sharpless kinetic resolution.

(1) (R)(+\8 A mix of -HR(QQGQ 3658m

LY 7 237 (o

n 3
ml) was cooled to -20°C un argon T1(OzPr)4

M IR °

sy = et ANCM
as stirred for JU llllll at ~&Lu o,
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was taken for GC-analysis. tert-Butylhydroperoxide (6.9 mL, 3.7 M in toluene, 25 mmol)
was added dropwise and the reaction progress was followed by GC with n-hexadecane as
internal standard. The reaction was stopped after 9.5 hours (58 % conversion at -20°C) by
addition of acetone containing a small amount of water. The resultant slurry was allowed to
reach room temp. and filtered through a pad of celite to yield a clear colourless solution.
After concentration, the residue was purified by flash chromatography (EtOAc:hexane/1:9)

to give the product (3.968 g, 40 %). Alternatively, the crude residue was dissolved in dry
ether and reacted with L-1AJ 14, *olle‘.'ed by aqueous work up, to facilitate the

chromatographic purification. [a 125 D +4.37 (¢ 1.08, CH2ClI2). The e.e. of the residual allylic
alcohol was estimated [9c] to be > 98% and the spectral data were identical with those for
the racemic material.

(ii) (5)-(-)-8. The above procedure was repeated with the following mixture: ()-8 (16.88 g,
61.96 mmol), (-)-diisopropyl tartrate (2.00 mL, 9.42 mmol), n- hexadecane (2.5 mL), 3A
molecular sieves (5 g), Ti(OiPr)4 (1.85 mL, 6.28 mmol), tert-butylhydroperoxide (11.7 mL,
3.7 M in toluene, 43 mmol) in CH2CI2 (250 mL). At -20°C this gave 56 % conversion after

L L NL g \ e 4034 Lillo LAVl a2l
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7.5 hours, and yielded 6.891 g (41 %) of resolved allylic alcohol, [a]2 D -4.37 (¢ 0.94,
CH2Cl12). The e.2. was estimated in the same way as for the enantiomer

/CN T .12 1_ M

(S)-10aiae .

(1) Chloromethyl methyl ether (2.34 mL, 30.8 mmol) was added to a solution of (S)-8 (2.795
g, 10.26 mmol) and iPr2NEt (5.36 mL, 30.8 mmol) in CH2CI2 (40 mL) under argon at 0°C.
The reaction mixture was allowed to reach room temp. and stirred for 3 hours. After
quenching with water and aqueous work up, the residue was purified by flash

chromatography (EtOAc:hexane/1:9) to yield the allylic MOM ether (3.182 g, 98 %) as a

colourless oil. [a]?5p -80.9 (c 1.28, CH2CI2). 'H-NMR (C6Ds): 5.55 (1 H, dt J'=15.5 Hz
J2=6.5 Hz, =CHCH2), 5.32 (1 H, ddt J'=15.5 Hz J?=8 Hz °=1.5 Hz, CHCH=), 4.67 2 H
AB J=6.5 Hz, OCH20), 4.1 (1 H, m, CHOMOM), 3.6 (2 H, t unresolved, OCH2), 3.25 (3 H,
s, OCH3), 1.92-1.63 (6 H, m), 1.26 (2 H, tq J'=J?=7.5 Hz, CH2CH3), 0.99 (9 H, s, 1Bu),

0.81 (3 H, t J=7.5 Hz, CH3), 0.07 (6 H, s, Si(CH3)2). 13C-NMR (CgDg): 134.23, 131.04,

93.35, 76.61, 63.22, 55.07, 34 3, 32.65, 29.33, 26.14, 22.60, 18.50, 13.73. IR: 2955, 1098,
1037, 836; Anal. Calcd. for C17H3603Si: C, 64.50; H, 11.46. Found: C, 64.64; H, 11.18.

)

o

(i1) A mixture of the aliylic MOM ether from above (2.159 g, 6.82 mmol),
tetrabutylammonium fluoride trihydrate (10.0 g, 31.7 mmol), acetic acid (cat.) and THF (30
mL) was stirred at room temp. for 1 hour and after addition of water, aqueous work up and
chromatographic purification (EtOAc:hexane/1:9) the primary alcohol product (1.365 g, 99
%) was obtained as a colourless oil, [ a]24 -114.4 (¢ 0.72, CH2CI2). 1H—NMR 5.62 (1 H,

dt 31=15.5 Hz J%=6.7 Hz, =CHCH?), 5.25 (1 H, ddt Jl15.4 Hz 12=8.3 Hz 13=14 Hz

MILYIMTT_N\ A L1 5 1LY AT Y_Z&L "I ) & f\f‘l TAI‘\\ A N 1 11 . el eV el Vi ~ tt

Chlhn=), 4.61 (2 H, AB J=06.7 Hz, OCH20), 4.0 (1 H, m, CHOMOM), 3.65 (Z H, bs,

CH20), 3.36 (3 H, s, ULl‘l3), 2.00 (2 H, m, =CHCH?2), 1.80 -1.50 (5 H, bs+m,

HOCH2CH2CH?), 1.4 (2 H, tq J1=12=7.4 Hz , CHoCH3), 0.9 (3 H, t J=7.4 Hz, CH3). 13C-
NMR (CgDg) 134.25, 130.79, 93.36, 76.72, 62.59, 55.12, 34.50, 32.71, 29.21, 22.57, 13.71.
IR: 3416, 2931, 1668, 1457, 1151; Anal. Calcd. for C11H2203: C, 65.31; H, 10.96. Found:
C,65.15;:H, 10.85

Vo ealy iy 2V

(1) A solution of the primary alcohol from above (1.266 g, 6.26 g), triethylamine (1.75 mL,
12.6 mmol) and 4-N,N-dimethylaminopyridine (cat.) in CH2Cl2 (20 mL) was cooled to
-10°C under argon. Tosyl chioride (1.29 g, 6.75 mmol) was added in one portion and the
reaction mixture was stirred under argon at 5°C overnight. After addition of water and

aqueous work up, flash chromatographic purification (EtOAc:hexane/S_ ;_95 to 1:9) furnished
the desired primary tosylate (2.187 g, 98 %) as a colourless oil, [a] D -63.43 (¢ 0.910,
(‘H")("]")\ ]H_NMR 7.56 (A ” AABB” J=8.5 Hz. aromatic). 5.56 (1 H. dt 11-—1§ 5 Hz

AR AA2TiINIVEAN, s ARddy QRAVILIAUIVW g /U (1 L Xy LRis

J2=6.5 Hz, =CHCH?), 5.17 (1 H, ddt J'=15.5 Hz J?=8.5 Hz 6.5 Hz J3=1.5 Hz, CHCH=),

4.54 (2 H, AB J=6.5 Hz, OCH?20), 4.03 (2 H, m, TsOCH?), 3.86 (1 H, m, CHOMOM), 3.29
(3 H, s, OCH3), 2.43 (3 H, s, tosyl Me), 1.98 (2 H, m, =CHCH?), 1.85-1.44 (4 H, m,

CH2CH2CH), 1.36 (2 H, tq J1=J2=7.5 Hz, CH2CH3), 0.87 (3 H, t J=7.5 Hz, CH3). 13C-
NMR: ]4465 17;511 ]'%?H ]2920 1292R 177_RR 9?11,7500 70.50. 55.38 ’%4’)7

A2 2 2022 1&7.50 el WSy el Oy
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© 2957, 2930, 1362, 1178, 1035. Anal. Calc.
d: C, 60.73; H, 7.97.

(iv) A mixture of th tosylate from above (4.60 g, 12.9 mmol), Nal (5.81 g, 38.7 mmol) and

aceione (3U ML) was neaied 0 55°C under argon for 3 hours. The mixture was conceniraied
and the residue punnea Dy flash cnromatograpny (ether:hexane/5:95) to gIVC the (5)-9 (3.95
ng 1

g, 98 %) as a colourless liquid, [a]“’D -86.0 (¢ 1.06, CH2CI2). '"H-NMR: 5.61 (1 H, dt
11=15.5 Hz J?=7 Hz, =CHCHp), 5.24 (1 H, ddt J1=15.5 Hz J?=8.0 Hz J°=1.5 Hz, CHCH=),

LY -do P NN & ¢ N 1T AN /YT . Y] 12 ~ oYY

PN
-

[e)

. H, m), 1. 50—1.33 (2 H, m), 1.40 (2 H, tq J =J"=7.5 Hz,
C_2CH3) 0.89 (3 H, t J=7.5 Hz, CH3). 13C NMR: 135.00, 129.47, 93.15, 75.63, 55.41,
36.54, 34.25, 29.66, 22.25, 13.62, 6.71; IR 2953, 2360, 1667, 1452. Anal. Calcd. for
C11H21102: C, 42.32; H, 6.78. Found: C, 42.48; H, 6.83.

(R)-iodide 10.

(i) PtO2 (0.150 g) was added to a solution of (R)-8 (4.01 g, 14.7 mmol) in hexane (20 mL)

and the mivtira wac ctirrad indar 1 atm of HY foar 18 min  at ranm tamn Filtratinn thranah

CALEING LElW LEZAJROUAL W/ VY QLD WOLILAWSE VILEVAWA L GLLVAEL: VL LLL ANTL Ao/ LEZRLL AL LAWSVAER ‘Vllll—‘ A ALVAiGALAIVAL uuu“é‘l
Loms i of : d celite. fo 1L tenalo . £ AN - 100 o7

Py PR Py otk APPSR J,
a short column of silica gel and celite, foliowed by conceniration, furnished 4.02 g (1060 %)

of the corresponding saturated secondary alcohol as a colourless oil, [a]24]) +2.22 (c 1.23,

CH2CIR). TH.NMR: 3.70-3.55 (3 H, m+t J=6 Hz, CHO + OCH2), 2.5 ( 1 H, bs, OH), 1.69-
1.56 (3 H, m), 1.48-1.22 (9 H, m), 0.89 (12 H, s+t, CH3 and rBu), 0.06 (6 H, s, Si(CH3)2).

13C_NMR: 71.51, 63.56, 37.40, 34.65, 31.93, 29.14, 25.91, 25.44, 22.65, 18.30, 14.06. IR:
3734, 2930 1471, 1255, 1098. Anal. Calcd for C \,lgngqubn \_., 65. 63 H, 12.48. Found: C,
65.46; H, 12.50.

(ii) Diethylazodicarboxylate (0.170 mL, 1.05 mmol) was added dropwise over 15 min. to a
solution of the alcohol from above (0.271 g, 0987 mmol), PPh3 (0.290 g, 1.11 mmol) and
HN3 (2.15 mL, 0.7 M in benzene, 1.5 mmol) in CH2CI2 (15 mL) under argon at room temp.
After 6 hours, tetrabutylammonium fluoride (5.0 mL, 1.0 M in THF, 5.0 mmol) and a few
drops of acetic acid were added. The reaction was quenched after 12 hours by addition of
water and the aqueous phase was extracted with CH2Cl2. The combined organic phases

were washed with brine and dried over MgSQ4_ Evaporation of the solvent gave a crude
product which was purified by flash chromatography (EtOAc:hexane/1:9) to give the desired
product (29 azide, 19 alcohol, 0.183 g, 100 %) as a colouriess oil, [a]25D -3.48 (¢ 1.17,
CH2C12). TH-NMR: 3.67 (2 H, t unresolved, OCH?), 3.29 (1 H, m, CHN), 1.8-1.22 (12 H,
m, 6xCH2), 0.9 (3 H, t unresolved, CH3). 13C-NMR: 62.89, 62.52, 34.39, 31.58, 30.73,

29.23,25.73, 22.52, 13.98. IR: 3318 (b), 2933, 2099, 1456. Anal. Calcd. for CgH9N30: C,
SO VL& 1T 11’\") AT AN £ r‘ﬂ wmad. Y O AL IT 1N AL ANT A NE
J06.33; 11, 1U.04%4; IN, £2.00. COUIQ: U, 50.40; i, 1U.40; IN, 23.U3

(111) A solution of the azido aicohoi from above (1.398 g, 7.55 mmoil), triethyiamine (2.10
mL, 15.1 mmol) and 4-N,N-dimethylaminopyridine (cat.) in CH2CI2 (25 mL) was cooled to
0°C under argon. Tosyl chloride (1.564 g, 8.20 mmol) was added in one portion and the
reaction mixture was stirred under argon overnight at 5°C and then quenched with water.
The aqueous phase was extracted with CH2CI2 and the combined organic phases were dried
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(EtOAc:hexane furnished 2.372 g (93 %) of Lh.e desired pnmary tosylat url
oil, [a}2°D -6.63 (c 1.40, CH2Clo). TH-NMR: 7.57 (4 H, AA'BB" J=8.5 Hz, aromatic) 4.05
(2 H, m, OCH), 3.18 (1 H, m, CHN), 2.42 (3 H, 5, tosyl Me), 1.80-1.20 (12 H, m), 0.89 3

H, t unresolved, CH3). l“"C-NMR. 144.85, 132.93, 129.86, 127.87, 70.01, 62.26, 34.29,
31.53, 30.31, 25.65, 25.57, 22.49, 21.65, 13.98. IR: 2931, 2100, 1361, 1189, 1177. Anal.
Calcd. for C1gH25N303S: C, 56.61; H, 7.42; N, 12.38. Found: C, 56.75; H, 7.48; N, 12.51.

(iv) A solution of the tosylate from above (0.387 g, 1.14 mmol) and Nal (0.51 g, 3.4 mmol)
: Qo - -
in acetone (5 mL) was heated at 55°C under argon for 3 hours. After filtration and
1 1 nnhyr fathnrinmanénna IROKY ¢ iz
oncentration, the residue was purified by flash chroma hy (ether:pentane/5:95) to give

(R)-10 (0.334 g, 99 %) as a colourless oil, [a ]2 D -12. .22 CH2C12). 1H-NMR 3.31-
3.15 (3 H, m+t J=6.5 Hz, CHN+ICH?), 2.08-1.20 (10 H, m), 0.9 (3 H, t unresolved, CH3).
15C-NMR: 61.95, 35.09, 34.28, 31.52, 29.84, 25.67, 22.48, 13.96 6.16. IR: 2933, 2098,

1727. Anal. Calcd. for CQH18IN3: C, 36.62; H, 6.15; N, 14.24. Found: C, 36.86; H, 5.91; N,
14.22.
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of 11 (0. 314 g, 0 450 mmol) in THF:HMPA (1.5 mL, 9:1) at -78°C under argon and the
reaction mixture was stirred for 10 min. A solution of 9 (0.141 g, 0.452 mmol) in
THF:HMPA (1.5 mL, 9:1) which had been precooled to -780C was transferred to the
reaction flask via a cannula and after an additional 10 min. of stirring, n-butyllithium (0.285
mL, 1.58 M in hexane, 0.450 mmol) was added dropwise. After 10 min., a solution of 10
(0.137 g, 0.464 mmol) in THF:HMPA (1.5 mL, 9:1) which had been precooled to -78°C was
transferred to the mixture via a cannula and the resultant solution was allowed to reach room

temp. before the reaction was quenched by addition of water. Aqueous work up and flash

+* 4+ ~ P 24“
chromatography (ELOA hexane/1:9) yielded 12 (G 172 g, 81 /o) as a colourless oil, [a]””

-54.0 (¢ 0.90, C zC_lz). H-NMR: 5.62 (1 H, dt 31=15.5 Hz 12=7.0 Hz, =CHCHD»), 5.24 (1
H, ddt J'=15.5 Hz J*=8.5 Hz J°=1.5 Hz, CHCH=), 4.60 (2 H, AB J=6.5 Hz, ()CHQO) 3.95

(1 H, m, CHO), 3.36 (3 H, 5, OCH3), 3.25( 1 H, m, CHN), 2.8 (4 H, m, SCH2CH2CH2S),
2.07-1.75 (8 H, m), 1.7-1.2 (18 H, m), 0.89 (6 H, m, 2KCH3). 13C.NMR: 134.77, 129.86,
93.18, 76.59, 62.76, 55.39, 53.04, 38.24, 37.98, 35.75, 34.44, 34.36, 34.27, 31.58, 26.00,

25.74, 25.39, 22.52, 22.27, 20.86, 20.22, 13.98, 13.63. IR 2932 2100, 1458, 1035. Anal.
Calcd. for C24H45N303S2: C, 61.10; H, 9.61; N, 8.91. Found: C, 61.20; H, 9.70; N, 8.56.
Ketone 13.

A solution of dithiane 12 (2.06 g, 4.37 mmol) in CH3CN (10 mL) was added to a mixture of
N-chlorosuccinimide (2.33 g, 17.5 mmol), silver nitrate (3. 34 g, 19 7 mmol) 2,6-lutidine (1
mL) and acetonitrile:water (60 mL, 5:1), at 0°C. After 5 min. i
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ml.) was added and the reaction mixtur
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rinsed with EtOAc. The aqueous phase was extracted 3 times with EtOAc and the combined
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purification (EtOAc:hexane/5:95) gave the product (1.44 g, 86 %) as a colourless oil, [a]25 D
-71.4 (c 0.82, CH2CI2). 'H-NMR: 5.61 (1 H, dt J1=15.5 Hz I?=6.5 Hz, =CHCH?), 5.23 (1
H, ddt 11=15.5 Hz J2=8.5 Hz J3=1.5 Hz, CHCH=), 4.59 (2 H, AB J=6.5 Hz, OCH20), 3.92

(1 H, m, CHO), 3.35 3 H, s, OCH3), 3.22 (1 H, m, CHN), 241 (4 H, t J=7 HZ,
CH2COCH2), 2.01 (2 H, m, =CHCH?), 1.75-1.20 (18 H, m), 0.88 (6 H, m, 2xCH3). 3¢
NMR: 210.11, 134.62, 129.65, 93.13, 76.38, 62.76, 55.23, 42.46, 42.09, 35.04, 34.13, 33.66,
31.46, 25.59, 22.38, 22.15, 20.20, 19.77, 13.82, 13.47. IR: 2932, 2099, 1715, 1459, 1036.
Anal. Calced. for C21H39N303: C, 66.11; H, 10.30; N, 11.01. Found: C, 66.31; H, 10.22; N,
Imine 14.

A solution of 13 (0.1514 g, 3.97 mmol) and triphenylphosphi
benzene (5 mL) was heated at 60°C under argon for 4 hours. The mixture was evaporated
onto silica gel and purified by flash chromatography (EtOAc.hexane.tnethylaxmne, 10:85:5)

to give the product (0.1294 g, 97 %) as a yellow oil, [a] -74.6 (¢ 0.68, CH2Cl2). 1H-
NMR: 5.60 (1 H, dt J1=15.5 Hz 1?=6.5 Hz, =CHCH?), 5.22 (1 H, ddt I'=15.5 Hz J?=8.5 Hz

1P=15 Hz, CHCH=), 4.59 (2 H, AB J=6.5 Hz, OCH20), 3.92 (1 H, m, CHO), 3.36-3.16 (4

Pal & P8

H, s+m, ULn3+LnN),zzU191 (6 H, m), 1.79-1.00 (18 H, m), 0.87 (6 H, t J=7 Hz,

2xCH3). 13¢.NMR: 168.93, 134.60, 129.90, 93.10, 76.57, 57.49, 55.27, 40.89, 37.62,

35.30, 34.27, 28.80, 26.99, 25.84, 22.79, 22.66, 22.26, 18.71, 14.09, 13.61. IR: 2933, 1661,
1458, 1149, 1097, 1036, 970, 920. This material was used as soon as possible in the next
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toluene:ether (1 mL, 1:1) and TiCl2(OiPr)2 (0.0641 g, 0.270 mmol) was added. After an
additional 24 hours stirring at room temp., the reaction was quenched by addition of pH 7
buffer solution (1 mL). The mixture was partitioned between ether and water, the aqueous
phase was extracted with ether, and the combined organic phases were dried over MgSO4.
Purification by flash chromatography (EtOAc:methanol:triethylamine/8:1:1) provided the
product (0.0129 g, 45 % based on 3) as a colourless oil, [3125h -3.7 (¢ 0.25, CH2C12). lH-

LU J36is aosil Vil J Qo & LUIAUVURLILYY V2 = L2 R A

NMR: 5.64 (1 H, dt J1=16 Hz J%=6.5 Hz, CHoCH=), 5.47 (1 H, ddt ]'=16 Hz Y6 Hz
13=1.5 Hz, =<CHCH), 3.79 (1 H, m, CHO), 2.70 (1 H, m, CHN), 2.30-0.95 (25 H,m), 0.88 (6
H, t unresolved, 2xCH3). 13C-NMR (C¢De): 133.23, 129.96, 68.70, 55.10, 48.98, 38.53,
37.67, 36.21, 34.82, 33.13, 32.54, 32.23, 26.00, 23.19, 23.05, 22.77, 19.42, 14.34, 13.84.

(-)- Pprhwirnhlctrmmrnmrm 2

v i, &.

PtO2 (n 020 mg) was added to a cvl‘“ on of 3

LN diig G Quuava v G O

CD

29 ¢. 0.0440 mmol) in ethanol (1 mL)
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/7
and the mixture was stirred under 1 atm. of H2 ov ermght at room temp. Filtration through a
short column of silica gel and celite followed by concentratlon furnished 0. 0130 g (10\’)%) of
2 as a colourless oil. This material showed physical ([a]"’[)) and spectral (‘H— and “C-

NMR) data in agreement with those published [7].
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