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Abstract: Stereoselective syntheses of pyrrolidine, piperidine, pyrrolizidine and

indolizidine skeletons were accomplished by nickel-catalyzed cyclization of 1,3-diene
and aldehyde in a chain. A formal total synthesis of an Elacocarpus alkaloid. (-)-

Elaeokanine C, in the naturally occurring form was achieved using this cyclization.
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The first example of nickel-promoted co-oligomerization of 1,3-diene was reported by Reed in 1954."
where 1,5-cyclooctadiene was produced by the reaction of two molecules of butadiene with Ni(CO), in the
presence of P(OPh),. Since then, although many efforts to investigate the nickel-promoted or -catalyzed
oligomerization of 1,3-dienes and multiple bonds had been made,’ synthetic utilization of these processes was
restricted due to the difficulty to control the regio- and stereoselectivity. On the other hand, the intramolecular
versions of this process are useful for regio— and stereoselective ring constmction, and a few excellent examples
for [4+4] cycloaddition of bis-dienes,” [4+2] cycloaddition of dlenynes cocyclization of bis-dienes in the
presence of hydrosilanes, and cyclization of dienynes with 1socyamdes have been reported. Recently, we
reported a novel nickel-promoted or -catalyzed cyclization of 1,3-diene and a carbonyl group in a chain to afford
the five- to seven-membered cycloalkanes in a stereoselective manner via an m-allylnickel intermediate.”
During the course of our investigation, we found that a hydride nickel complex played an important rolc in the
cyclization. The versatility of this cyclization encouraged us to apply this approach to the synthesis of
nitrogen-containing hete:rocycles,7 because construction of these is very important for the synthesis of naturally
occurring substrates and biologically active substances.  Our plan is shown in Scheme 1.
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Reaction of 1,3-diene 1 with a hydride nickel complex 2, generated by the reduction of Ni(acac), with DIBAL-
H in the presence of Ph,P, would give n-allylnickel complex 3, which would react with the aldehyde moiety in
the side chain to give complex 4.  After hydrolysis of the reaction mixture, nitrogen-containing heterocycles 5
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would be obtained stereoseiectively. In this cyclization, the use of a hydride nickel complex 2 {X=R,Si)
generated by the oxidative addition of R,SiH to zerovalent nickel complex, would enable reductive elimination

of 6 from complex 4, and it was expected that the cyclization would proceed catalytically in the nickel complex.

Synthesis of Monocyclic Nitrogen-Containing Heterocycles

To examine the feasibility of the above plan, we investigated the synthesis of monocyclic nitrogen-
containing heterocycles using nickel-promoted cyclization. The starting dienes 15 and 16 wcrce synthesized as
shown in Scheme 2. The tosyiamidc 8, which was easily prepared from 2-aminoethanol 7. was converied

TRR AT 1 ,‘ 1 PR V¢ sl 9 e 1
into 11 by the coupling reaction with $* using NaH in DMF or into 12 by the Mitsunobu reaction” with 1. !
After deprotection of the TBDMS group, the corresponding alcohol 13 or 14 was transformed into 15 or 16
by the oxidation with Dess-Martin periodinane,“ respectively.
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First, we examined the cyclization of 15 giving the pyrrolidine derivative using a stoichiometric amount of
hydride nickel complex generated from Ni(acac), and DIBAL-H. To a THF solution of hydride nickel
complex 2, generated in situ by treatment of Ni(acac), (100 mol %) and PPh, (200 mol %) with DIB AL-H (200
mol %), was added a solution of 15 in THF at 0 “C, and the mixture was stirred at the same temperature for 1.5
hours. Hydrolysis of the reaction mixture with 10% HCI at 0 C afforded pyrrolidine derivatives 17 as an
inseparable mixture in 87% yield. Hydrogenation of 17 with Pd on charcoal produced saturated alcohol 19 as
a sole product, which suggested that two stereocenters at C3 and C4 of pyrrolidine rings in the cyclized
products 17 were produced in a stereoselective manner in this cyclization.

Scheme 3
100 mol % Ni(acac),
200 mol % PPhg
I DIBAL-H (200 mol %)
°C 30 min
¥ HU 2=,
H-Ni-X 2 Hy, Pd-C

THF, 0°C, 1.5 hr N MeOH N
/ Ts (100%) O\_/\/

15 17: 87%
~ NOE LN>
20 mol % Ni(cod), g ;" 1) Ha, Pd-C Ts
40 mol % PPhg EQSSioW _M__/ 19
EtaSiH (5 &q), THF G D 2) TBAF, THF
n, 6 br N (100%, 2 steps)
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18: 63% (sole product)
On the other hand, we were pleased to learn that the reaction of 15 with Ni(cod), (20 mol %) and PPh, (40
mol %) in the presence of Et,SiH provided pyrrolidine derivative 18 as a sole product, whose stereochemistry

TN

was unequivocally determined from the NOE experiment. Hydrogenation of 18 with Pd on charcoal followed
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by deprotection of the triethylsilyl group afforded the above alcohol 19, which indicates that the reaction using
a catalytic amount of hydride nickel complex showed the same stereoselectivity as that using a stoichiometric
amount of hydride nickel complex. Encouraged by these results, our investigation was focused on the
reaction using a catalytic amount of nickel complex, and the cyclizations of various substrates were examined.
The construction of piperidine ring from 16 was also fruitful. Thus, treatment of 16 with Ni(cod), (20
mol %), PPh, (40 mol %), and Et,SiH (5 eq.) in THF afforded piperidine derivative 20 in 70 % yield as a sole
product. The stereochemistry of 20 was determined by the coupling constants of H, and H, on the NMR
spectrum.

Scheme 4 I
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On the other hand, the cyclization of 23, which was prepared from 21 in a similar procedure to that above.
afforded perhydroazepine derivatives 24a and 24b in yields of 18% and 41%, respectively. Although the
stereochemistries of these cyclized products could not be determined, it was thought that these products were
stereoisomers with respect to C3- and C4-substituents on the perhydroazepine ring. The perhydroazepines
24a and 24b were transformed into ketone 25, which was fully characterized by 'H- and '"C-NMR, IR, MS
and elemental analysis. It was noteworthy that this cyclization was applicable to the construction of a seven-

membered ring containing the keto-carbonyl group.
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A possible explanation for the stereoselectivity in this cyclization is described in Scheme 6. In the
cyclization affording the pyrrolidine derivative 18, a hydride nickel complex, gencrated by the oxidative
addition of Et,SiH to zerovalent nickel complex, reacted with 15 to form n-allylnickel complex 2 6.
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The reaction of n-allylnickel moiety in 26 with aldehyde in a chain produced cyclized m-complex 28 in a
stereoselective manner. During this conversion, we might consider the two intermediates 27A and 27B, in
which the former would afford an ansi-isomer of 28 with respect to C3- and C4-substituents, and the latter
would give 28. It was considered that 27B was more preferable than 27A, because these intermediates
reminded us of the stability in the bicylo[3.3.0]octane system, where a cis-bicyclo[3.3.0]octane (analogous to
27B) was more stable than a frans-one. As a result, it is thought that the pyrrolidine derivative 18 was
produced stereoselectively in this cyclization. Similarly, in view of the stability in the bicyclo[4.3.0]nonane
(hydrindan) system, the intermediate 29B might be more stable than 29A, thus giving 20 stereoselectively in
the cyclization of piperidine system (Scheme 7).

Scheme 7
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On the other hand, each intermediate in the perhydroazepine system might have almost the same stability
because they are more flexible than that in the pyrrolidine or piperidine system, which would result in the
production of two isomers with regard to the C3- and C4-substituents.

Synthesis of Pyrrolizidine Derivatives

Having established the stereoselective construction of monocyclic heterocycles, we tried to synthesize the
pyrrolizidine derivative using this cyclization. The starting diene 33 was easily prepared in an optically active
form (>99% ee)'? by the coupling reaction of (§)-pyroglutamic acid derivative 31" with 9 followed by
deprotection of the ethoxyethyl group and oxidation with Dess-Martin reagent (Scheme 8).

Scheme 8
H . H
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Table 1. Cyclization of 33 under the various conditions

run  solvent R3SiIH temp time  yield (%) ratio ee (%)a
(hr) (34+35) (34/35) (34/35)

1 toluene Et;SiH n 135 64 3.3/1 97/96
2 THF EtsSiH t 125 75 4.4/1 97/95
3 DMF EtaSiH n 18 3.7/1  97/94
.4 _CHCN_ EWSH A __ 94 30 6.5/1 9593
5 THF Ph3SiH 1 77 7.6/1  93/97
6 THF PhsSiH  0°C 1.5 81 9.1/1  97/99

2 The ee of 34 or 35 was de!ermmed by HPLC analysis (DAICEL
LI AL /AL MY L 4| L AA_A_A T

unlnnl—bl:l-. UU, nexana/ I‘I'UH-W
respectively.
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Treatment of 33 with 20 mol % Ni(cod), and 40 mol % PPh, in the presence of Et,SiH in degassed toluene at
room temperature for 13.5 hr provided pyrrolizidine derivatives 34a and 35a in yields of 49% and 15% (Table
1, run 1), whose stereochemistries were determined by X-ray analysis of the corresponding alcohols.
respectively.  The enantiomeric excesses of 34a and 35a were determined to be 97% ee and 96% ee by HPLC
analysis, indicating that the optical purity of the starting material 33 was completely retained during cyclization.
Although various solvents were investigated in the cyclization of 33 using Et,SiH as a hydride source. the ratio
of 34a to 35a was not improved.  On the other hand, we were very surprised to learn that the use of Ph,SiH
as a hydride source accelerated the reaction rate and improved the ratio of 34 to 35. The cyclization of 33
with 20 mol % Ni(cod), and 40 mol % PPh, in the presence of Ph,SiH in THF was completed within 1 hr at
room temperature to give 34b in 68% yield (93% ee) and 35b in 9% yield (97% ee). Furthermore. the
cyclization of 33 at 0 °C gave 34b in 73% yield (97% ee) and 35b in 8% yield (99% ee).

These results indicate that the formation of 34 via 37A, which has both a trialkylsiloxy group and a 1-
propenyi group on the convex face of the eventual 5-5 bicyclic framework, is preferable to that of 35 via 37B.
in which both groups are on the concave face. In the reaction using Ph,SiH as a hydride source, it is thought
that the difference in stability between 37A and 37B was greater than that in the reaction using Et,SiH, and that
the selectivity of 34 to 35 was improved.

Scheme 9
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Synthesis of Indolizidine Derivative —Formal Total Synthesis of (-)-Elaeokanine C

We turned our attention to the synthesis of a natural product. If the cyclization of 38, which has a
substituent on the 1,3-diene moiety, proceeds in a manner similar to the above-mentioned reaction, we should
obtain the indolizidine derivative 39, which could be easily converted into the Elacocarpus alkaloid. (-)-

Elaeokanine C.M’]5
Scheme 10 -
USRSy, e | oy
~"cHo i NN
Y 38 O 39 (-)-Elaeokanine C

The substrates were synthesized as shown in Scheme 11.  Initially, the cyclization of 42, which does not
have a methyl group on the terminus of the 1,3-diene moiety, was carried out under similar conditions. and the
indolizidine derivatives 45a and 46a were obtained in yields of 40% and 38%, respectively (Table 2. run ).
The stereochemistries of 45a and 46a were determined by the coupling constants of H, and Hy. or H, and H_
from the NMR spectra of 45a and 46a, respectively (Figure 1).
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Scheme 114
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4 (a) NaH, Br{CHy)30EE (44), 89%. (b) TBAF, 87%. (c) (1) Dess-Martin ox.; (2) CHa=CHCH,PPh,Br

BuOK; (3) pTsOH, MeOH, 23% (3 steps). (d) Dess-Martin ox., 83%. (e) (1) Swern ox.;

(2) PhaP=CHCO,E; (3) DIBAL-H, 30% (3 steps). (f) (1) Dess-Martin ox.; (2) PhaPCH3Br, Buli;
(3) pTsOH, MeOH, 33% (3 steps). (g) Dess-Martin ox., 86%. (h) (1) Dess-Martin ox.;

(2) CH3CH=CHCH,PPhgBr, (3) pTsOH, MeOH, 46% (3 steps). (i) Dess-Martin ox., 86%.

20 mol % Ni(cod), B \OS|Hq ~ LOSiR;
40 moi % PPhy \r A
42 or 42E
(6] o}
45a: R=Et 46a: R=Et
45b: R=Ph 46b: R=Ph
Table 2. Cyclization of 42 under various conditions
run substrate R3SiH temp time  yield (%)
(hr) 45 46
1 42 EtaSiH 12 40 38
2 42 PhsSiH 0°C 1 39 43
3 42E tiSiH 12 42 40
Figure 1
45a J=105Hz 46a /= 10.0 Hz

V , —y=13Hz \ J=10.0 Hz

- H, J H P
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Unfortunately, the use of Ph,SiH did not improve the ratio of 45b to 46b in the construction of the indolizidine
skeleton (run 2). To investigate whether the stereoisomers of the cyclized product were produced from the
geometric isomers with regard to the 1,3-diene moiety in 42, the cyclization of 42E was examined. As a
result, 45a and 46a were obtained in the same ratio as in the cyclization of 42, which indicates that the
geometry of the 1,3-diene moiety does not affect the stereochemistry of the cyclized product. However, we
were pleased to find that 46a was easily transformed into 45a in 80% yield (4 steps) via Mitsunobu inversion
(Scheme 12).

Scheme 12
1) TBAF, THF
2) DEAD, PPhg, PhCO,H
46a 45a: 80% (4 steps)

3) 10% NaOH, MeOH
4) TESCI, pyridine
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Next, the cyclization of 43, which has a methyl group on the 1,3-diene moiety, was examined for the
synthesis of (-)-Elaeokanine C (Scheme 13). As expected, indolizidine derivatives 47 and 48 were obtained
in good yields, and the conversion of 4 8 to 47 was achieved in 81% yield (4 steps).

Scheme 13 - -
20 mol % Ni(cod), {A ;)
43 40 moi % PPhy H H
OSiEty OSiEt
. N\ 3
Et;SiH (5 eq), THF
. . +
rt, 14 br rN\/ %F'\/
[o T e TPV
U 47:36% U 48:37%
i . ) .
1 Mitsunobu reaction |
81% (4 steps)
Thus, we tried to synthesize (-)-Elacokanine C from 47 (Scheme 14). Epoxidation of 47 with mCPBA
gave epoxide 49 as two inseparable diastereomers.  Attempts to rearrange epoxide 49 into the ally! alcohol
were fruitless, perhaps due to .he ulkiness of the triethylsilyl group. After the triethylsilyl group was replaced

ViP‘d (4¢ .nﬂ\ De he acetv]l ocroun followed hv celactive oxidatinon nf the allvhic alenhnl
- ¥ J SRS R L4 | G id R = La ) A taand uVUI'JA blv\llu AVRANV VY Wb UJ OWAWVWLLY & UALUGUIVLL V1 Uil dll PELSN SN LAV Rew b Y
gave enone 51 as a sole product, which was successively subjected to catalytic hydrogenation with Pd on
charcoal to produce (-)-52. The total synthesis of (+)-Elacokanine C (unnatural amipcde) from (+)-52 has
155k . .
been previously reported by Koizumi and co-workers, ™ and all of the spectral data of the synthetic (-)-52
were identical to those reported for (+)-52, except for the sign of [a];,.
Scheme 14
O /
HO
H ‘)’ 1) TBAF, THF Ay
P L’Ci,._ A~ OSiEty 2) Ac,0, pyridine i~ wOAc
CH.Cl l J 3) TMSI, DBU, CHaCN < 1
N_ AN U O+ —~N.
99% ” N ) I3
O 4 79% (4 steps) 0 g
LY Y
1) 10% NaOH, MeOH _ 7 L OH Haz Pd-C 2 OH
1) 10% NaOH } N OH 22T E A OH ) Flaeokanine ©
2) MnO,, CH,Cl X)/h'l AcOEt S{& -
BKNCL (D atama) nnos
Uu /o \£ DITED) I 93% i
O 5 0 ()52

[0]p?4-109.2 (¢ 1.1, CHCl3)
lit. [0]p26 +113.4 (¢ 1.0, CHCly)

In conclusion, pyrrolidine, piperidine, pyrrolizidine and indolizidine skeletons were successfully
constructed in a stereoselective manner by the nickel-catalyzed cyclization of 1,3-diene and aldehyde in a chain.
In addition, we applied this method to the formal total synthesis of (-)-Elacokanine C, which is the first
synthesis of this compound in the naturally occurring form.

EXPERIMENTAL SECTION

All manipulations were performed under an argon atmosphere unless otherwise mentioned. THF was

distilled under an argon atmosphere from sodium benzophenone ketyl, or was purchased from Kanto Chemical

Co., Inc., and used without further purification. ~ All other solvents were distilled under an argon atmosphere
from sodium benzonhenone ketvl (toluene), CaH, (CH,Cl, and DMF), or D n (CH CN© All At

AR DAL IR ANNL RN VRERRAS ), Al ATl QG VAT ), UL X (A2 SRR DR Aul QNg

were purified when necessary using standard procedures. Column chromatogranhv was performed on silica
gel 60 (70-230 mesh), and flash chromatography was performed on silica gel 60 (230- 400 mesh) using the
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indicated solvent.
(3E)-6-Aza-8-tert-butyldimethylsilyloxy-6-(p-toluenesulfonyl)-1,3-octadiene (11). To a
suspension of NaH (60% wt disparsion in mineral oil, 66.5 mg, 1.66 mmol) in DMF (1 ml) was added a

o f‘—nn

solution of 8 (435 mg, 1.32 mmm} in DMF (4 mi) at 0 C, and the mixture was stirred at room 'temperatuxe for

1h A cohition of @ (201 mo 1 08 mmol) in DME (2 m) was added to the mixture at ) O and the Hre
1 11. ADVILUULIVL 7 (&71 ] I.E, 1-70 IRMIIVUL) 111 A7IVIE (& m } WAy auucud U Uiv HTHAWUIC al U U, dallu uiv llu‘\lulL
was stirred at room temperature for 20 min, 0o the mixture was added saturated aq NH Cl and the aqueous

G SLRIRAL QL AN Wl AN waaw azaiAAtial SIULAL Al &y LCULS

nperal
layer was extracted with Et,0. The organic layer was washed with brine, dried over Na,SO and
concentrated. The residue was purified by column chromatography on silica gel (hexane/Et,0=8/1) to give 11
(497 mg, 95%) as a colorless oil. IR (neat) 1654, 1600, 1346, 1160 cm'; 'H NMR (270 MHz, CDCl,) &
7.70(d, J=7.9 Hz, 2H) 7.29(d, J=7.9 Hz, 2 H), 6.25 (ddd, J=16.7, 10.2, 10.2 Hz, 1 H), 6.09(dd, J =
14.9, 10.2 Hz, 1 H), 5.50(dt, J=14.9, 6.8 Hz, 1 H), 5.13 (dd, J=16.7, 1.6 Hz, I H), 5.08 (dd, J= 10.2

1.6 Hz, 1 H), 3.92(d, J=6.8 Hz, 2H), 3.72(t, J=6.4 Hz, 2H), 3.22(t, J=6.4 Hz, 2 H), 2.42 (s, 3 H).
0.87 (s, 9 H), 0.03 (s, 6 H); EI-MS m/z 395 (M"), 338 (M'-r-Bu), 327, 281, 213, 199, 182. 155, 91: EI-

HRMS caled for C, H,.NO,SSi (M*-+-Bu) 338.1242, found 338.1238.

(3E)-7-Aza-9-tert-butyldimethylsilyloxy-7-(p-toluenesulfonyl)-1,3-nonadiene (12). To a
solution of 8 (1.52 g, 4.61 mmol) in THF (6 ml) were added PPh, (1.43 g, 5.45 mmol), a solution of 10 (411
mg, 4.19 mmol) in THF (4 ml), and diethyl azodicarboxylate (0.73 ml, 4.64 mmol), and the mixture was
stirred at room temperature for 2.5 h. To the mixture was added saturated aq. NH,Cl, and the aqueous layer
was extracted with EtQO The organic layer was washed with brine, dried over Na,SO,. and concentrated.

Tha i1 /N 4 s 1 NA&
1ne u‘:axuuc Wwas i}ul lllCU Uy LUlullﬂl LlllUlllaLUgl dylly on bulbd g(‘;l \uC)\d.llC/ELZU lUll JiL) {0 UJ\U IA (1 vo ¥

62%) as a colorless oil. IR (neat) 1654, 1600, 1342, 1160 cm™; '"H NMR (270 MHz, CDCl,) § 7.70 (d. J
8.3Hz, 2H), 7.29(d, J=8.3 Hz, 2 H), 6.25(ddd, J=16.9, 10.3, 10.3 Hz, 1 H), 6.04 (dd, J = 15.0, 10.
Hz, 1 H), 5.54 (dt, J= 15.0, 7.3 Hz, 1 H), 5.10(dd, J=16.9, 1.2 Hz, 1 H), 5.00(dd. J = 10.3, 1.2 Hz.
H), 3.74 (t, J=6.2 Hz, 2 H), 3.26 (t, J=6.2 Hz, 2 H), 3.24 (t, J=7.3Hz, 2H), 2.42 (s, 3 H). 2.36 (d.. /=
7.3, 7.3 Hz, 2 H), 0.87 (s, 9 H), 0.04 (s, 6 H); EI-MS m/z 394 (M'-Me), 352, 342, 272, 256, 172. 155, 115.
81; EI-HRMS calcd for C,H,,NO,SSi (M*-Me) 394.1873, found 394.1874.

(5E)-3-Aza-3- (p toiuenesuii’onyi) 5,7-octadien-i-o0i (13). To a solution of 11 (486 mg, 1.2

man) o TIIE /€ 1 ssrac addaAd I AL (1 Af cnliztlo s TR 1 QO [ N O L] eh g
1unvL) in 1nr \.J llll) wWas aadaca 1pAr U1 v >0uuL lll inr, 1.7 uu 1 7U uuuux) l.ll U U, dild e ITHXWUIC

— i ] s

(o]

was stirred at the same temperature for 15 min. To the mixture was added saturated aq. NH,Cl, and the
aqueous layer was extracted with Et,0. The organic layer was washed with brine, dried over Na,S0O,. and
concentrated. The residue was purified by column chromatography on silica gel (hexane/AcOEt=2/1, 1/1) to
give 13 (339 mg, 98%) as a colorless oil. IR (neat) 3528, 1654, 1600, 1334, 1158 cm™': 'H NMR (270 MHz.
CDCL)6 7.71 (d, J= 8.1 Hz, 2 H), 7.32 (d, J=8.1 Hz, 2 H), 6.25(ddd, J = 16.6, 10.1. 10.1 Hz, 1 H).
6.11(dd, J = 14.8, 10.1 Hz, 1 H), 5.51 (dt, J= 14.8, 6.8 Hz, |l H), 5.17(dd, J=16.6, 1.6 Hz. 1 H). 5.11

.11 1 Fan § 1 L¥N T NN /A 1 L O 17T, x 1 s BV S YT .. & AT1IT. TIN > BEa T BFOPS L A TY. N 11
\udg, v = l\) i, lU[lL, i nj 2¥»wiQ,J= 0.0 > 2.1 \l,JzJ.QnL,Ln,J.LL \L J:3.4 ns, 2 nh
2.44(s. 3 H). 2.16 (br s. | H: EI-MS m/ 281 (M%), 250 (M*-CH.OH). 184. 155. 126. 91 67 EI-HRMS
TiDy o AL)y e B (W O, & ARj, RARTAVAW w4 &U 1 iYL Jy 40U (VR TReldsNSRL g, 10T, 1JV, 1AV, J 1y Uie LATIING RS
caled for C,;H, NO, S(M*-CHIOH) 250.0882, found 250.0861.
(6F)-3-Aza-3-(p-toluenesulfonyl)-6,8-nonadien-1-0l (14). In a similar manner to that for the

synthesis of 13 from 11, 14 (713 mg, 98%) was synthesized from 12 (1.01 g, 2.47 mmol) and TBAF (1 M
solution in THF, 3.7 ml, 3.70 mmol). IR (neat) 3526, 1652, 1598, 1336, 1156, 1088 ¢cm': '"H NMR (270
MHz, CDC1,) 8 7.71(d, J=8.1Hz, 2H), 7.31 (d, J=8.1 Hz, 2 H), 6.26 (ddd, J= 16.8, 10.3, 10.3 Hz. |
H), 6.06 (dd, j= 15.0, 10.3 Hz, 1 H), 5.56 (dt, /= 14.9, 7.4 Hz, 1 H), 5.12(d, J= 16.8 Hz, 1 H). 5.00 (d.
J=10.3 Hz, 1H), 3.76 (t, J= 5.1 Hz, 2H), 3.24(t, J=5.1Hz, 2H), 3.22(t, J=7.4Hz, 2 H), 2.43 (s.

H). 2.36(dt, J= 7.4, 7.4 Hz, 2 H), 2.19 (brs, 1 H); EI-MS m/z 296 (M"+H), 295 (M"), 264. 228. 155. 91.

LSy 1.9 K14, 4 11} PD-2 R OA 43

56; EI- HRMS caled for 295.1228 C, H, NO .S, found 295.1214.

(5E)-3-Aza-3-(p-toluenesulfonyl)-5,7-octadienal (15). To a suspension of Dess-Martin reagent
(343 mg, 0.810 mmol) in CH,Cl, (3 ml) was added a solution of 13 (114 mg, 0.450 mmol) in CH,Cl, (4.4 ml)
at 0 C, and the mixture was stirred at room temperature for 1 h. To the mixture were added saturated aq.
NaHCO, and 10% aq. Na,S,0, at 0 C.  After stirring for 20 min, the aqueous layer was cxtracted with Et,O.
The organic layer was washed with brine, dried over Na,SO,, and concentrated. The residue was purified by
column chromatography on silica gel (hexane/Et,O=1/1) to give 15 (102 mg, 90%) as a coloriess oil. IR
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(neat) 1734, 1654, 1598, 1342, 1160 cm™; 'H NMR (270 MHz, CDCL,) §9.58 (t, J= 1.3 Hz, | H), 7.70 (d. J
=8.3Hz, 2H), 7.34 (d, /= 8.3 Hz, 2 H), 6.26 (ddd, J= 16.8, 10.2, 10.2 Hz, 1 H), 6.09 (dd, /= 15.0. 10.2
Hz, 1 H), 5.51 (dt, /= 15.0, 6.9 Hz, 1 H), 5.19(d, J=16.8 Hz, 1 H), 5.14 (d, J= 10.2 Hz, | H). 3.85(d. J
= 6.9 Hz, 2 H), 3.80(d, J= 1.3 Hz, 2 H), 2.45 (s, 3 H); EI-MS m/; 279 (M"), 278, 198, 184. 155, 139, 123.

91: EI-HRMS calcd for C. H..NO.S 279.0937. found A4
Z 14 kuL~”11ENIVIOD L W IVI ‘-’[4“1[7“"’3‘, ] ZITI 1, lUu Ha i “er.

(AN VUV Ara_ U (n tolnanacnlfanvihi. & . nanadianal (1K) A ~rride nradnet hirh wag nremarad fram
\WEL JT o7 ﬂba'J'\P'tUluVllCB WEAVUER .’ ‘, CTHvIIIaVIvViiIal \lu} . Vo QA R S LW LW tll WU ULL, WV LEILEL vwAad Plbt‘l(—\lbu LRI
14 (121 mg, 0.409 mmol) and Dess-Martin reagent (347 mg, 0.818 mmol) in a similar manner to that for the

synthesis of 15 from 13, was purified by column c omatography on silica gel (hex 1e/Et O=1/1) to give 16
(107 mg, 89%) as a colorless oil. IR (neat) 1734, 1654, 1598, 1342, 1160 cm™; 'H NMR(’?O MHz, CDCl,) -
89.61(t, J=1.4 Hz, 1 H), 7.79(d, J = 8.3 Hz, 2H), 7.32 (d, J= 8.3 Hz, 2 H), 62i(ddd J=16.9. 10.2.
10.2 Hz, 1 H), 6.05 (dd, J = 15.0, 10.2 Hz, 1 H), 5.53 (dt, J = 15.0, 71Hz 1 H), 5.12(d, J= 16.9 Hz, |

H), 5.03 (d, J=10.2 Hz, 1 H), 3.82 (d,J =14 Hz, 2H), 326 (t, /J=7.1 Hz, 2 H), 2.44 (s, 3 H). 2.32 (dt.
J=7.1, 7.1 Hz, 2 H); EI-MS m/z 293 (M"), 266 (M"-C,H,), 226, 212, 155, 139, 91, 81: EI-HRMS calcd for
C JH,:NQ{S (M*-C.H,) 226.0538, found 226.0538.

(3E)-6- A_z__-IO-tprt-RutvIdlmethvkilvlnxv 6-(p- toluenesulfon 3-decadiene (22). In a

222y RIS 2 LALEY QIR iLa 2120 - , - __________

smnlar manner to that for the synthesis of 11 from 8 22 (516 mg, 80%) was svnthesnzed from 21 (543 mg.
1.52 mmol), 9 (344 mg, 2.34 mmol), and NaH (78.9 mg, 2.00 mmol). IR (neat) 1654, 1598, 1340, 1160
cm’'; 'H NMR (270 MHz, CDCl,) 6 7.68 (d, J = 8.3 Hz, 2 H), 7.30 (d, J= 8.3 Hz, 2 H), 6.23 (ddd, J=16.7,
10.2, 10.2 Hz, 1 H), 6.11 (dd, J’- 14.7, 10.2 Hz, | H), 5.47 (dt, J = 14.7, 6.7Hz, 1 H), 5.15(d. /= 16.7

et Ao ; H a1

ruln),auzs(a J=10.2 Hz, 1H),3.83 (d, J=6.7Hz, 2H), 3.57(, J=6.1 Hz, 2H), 3.13(t.J =69

Hz, 2 H), 2.42 (s, 3 H), 1.40-1.65 (m, 4 H), 0.87 (s, 9 H), 0.029 (s, 6 H); EI-MS /2 408 (M"-Mc). 366.
342, 300, 284, 268, 202, 187, 155, 130, 115, 91; EI-HRMS caled for C, H,,NO,SSi 408.2009. found

408.1989.
(SE)-3-Aza-3-(p-toluenesulfonyl)-5,7-octadienal (23). In asimilar manner to that for the synthesis
of 13 from 11, (7E)-5-aza-5-(p-toluenesulfonyl)-7,9-decadien-1-o0l (333 mg, 89%) was synthesized from 22
(519 mg, 1.22 mmol) and TBAF (1 M solution in THF, 1.9 ml, 1.90 mmol). IR (neat) 3534, 1654. 1600.
1334, 1158 em; '"H NMR (270 MHz, CDCL,) 8 7.69 (d, J = 8.3 Hz, 2 H), 7.29 (d, J = 8.3 Hz, 2 H). 6.24

(ddd, J = 16.8, 10.2, 10.2 Hz, 1 H), 6.10 (dd, J = 14.8, 10.2 Hz, 1 H), 5.47 (dt, J = 14.8, 6.9 Hz, | H).
S IR T—1£ Q11X 1t LIV & MO A T 1NN~ 1 11\ 2 Q2 /A I_A(\LI—— TN P AEA A TS N S A LT,
Sl U, J = 1.0 134, ll].}, JUT \\J, J - 1. & k12, 1 11), J.00 \U J V.7 114, Lll), .Ut \Ul,J—J.U, SO 114,
2H), 3.15(¢, J=69Hz 2H), 2.42 (s 3H), 1.47-1.70 (m, 4 H), 1.34 (t, J=5.0 Hz, 1 H); EI-MS m/- 309

alcohol (184 mg, 0. 595 mmol) was ox1dxzed with Dess-Martin - reagem (505 mg, l 19 mmol) to give 23 (164
mg, 90%) as a colorless oil. IR (neat) 1722, 1654, 1600, 1336, 1158 cm'; 'H NMR (270 MHz, CDCl,) &
9.77(x, J= 1. SHz 1 H), 7.68 (d, J=8.3Hz, 2 H), 7.30(d, J =8.3 Hz, 2 H), 623 (ddd J=16.7, 10.2,
i0.2 Hz, 1 H), 6.10(dd, J=14.6, 10.2 Hz, 1 H), 5.44 (dt, J= 14.6, 6.7 Hz, 1 H), 5.17 (d. J= 16.7 Hz. 1
H), 5.09 (d, J=10.2 Hz, 1 H), 3.81 (d, J=6.7 Hz, 2H), 3.13(t, J= 6.9Hz, 2 H), 2.54 (td, J=7.0. 1.5
Hz, 2 H), 2.42(s, 3H), L.84 (4, /= 7.0, 6.9 Hz, 2 H); EI-MS m/; 307 (M"), 250, 224, 152, 134, 108, 67:
EI-HRMS calcd for C, H, ,NO,S 307.1250, found 307.1258.
(55)-5-Hydroxymethyl-1-[(2E)-2,4-pentadienyl]-2-pyrrolidinone (32). A crude product. which
was prepared from 31 (937 mg, 5.01 mmol), 9 (956 mg, 6.49 mmol) and NaH (253 mg, 6.31 mmel) in a
similar manner to that for the synthesis of 11 from 8, was purified by column chromatography on silica gel
(hexanc/AcOEt—3/l 2/1, /1) to give alkylated product (1.12 g, 89%) as a colorless 0il. IR (neat) 1686. 1657.

1604, 1134 cm™ HNMR(Z/UMﬂZ Ll.)Li,)Ob.‘SU((ldd J=16.6, 10.5,9.7 Hz, 1 H), 6.16 (dd, J= 14.9.

iNn < LI, l & £1 7443 T . 14 T & & £ LT~ £ 1Q 713 T 14 £ 1 £ 1T, 1 B Y :nn;,a,: J
iV.) e, n) .01 \UUU,J*—-J’+7 7.9, 2.0 I1L, 11_1] J.lO[Uu, 10.0, l.UﬂL, 1r1) J.U07 Al J — ‘I I.

16Hz 1 H), 4.69 (g, J =5.6 Hz, 1 H), 4.28 (m, 1 H), 3.38-3.79 (m, 6 H), 2.48 (m, 1 H). 2.32 (m, | H).

2.11 (m, 1 H), 1.87 (m, 1 H), 1.28 (d, J=5.6 Hz, 3H), 1.19 ( t, J= 7.1 Hz, 3 H); EI-MS m/; 253 M"), 207.
181, 164, 152, 98, 84, 67, 45 ; EI-HRMS calcd for C,,H,,NO, 253.1679, found 253.1680. To a solution of
the product (497 mg, 1.96 mmol) in MeOH (20 ml) was added p-TsOH-H,O (18.6 mg, 97.8 pmol). and the
solution was stirred at room temperature for 15 h. To the solution was added saturated aq. NaHCO,, and
MeOH was removed. The aqueous layer was extracted with AcOEt. The organic layer was washed with

. s s s R

brine, dried over Na,SO,, and concenirated. The residue was purified by column chromatography on silica gel
oil. IR fneat) 3374 1664 1600, 1174 cm': '"H NMR (270 MH7

55, AN VA U T, LVUVUTy 1UVY, LEPT VL, R UNIYHIIN QLU LvVaNaZd,

<

"‘ H
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CDCL) 8 6.29 (ddd, J = 16.3, 10.2, 10.2 Hz, 1 H), 6.17 (dd, J = 14.8, 10.2 Hz, 1 H), 5.59 (ddd, J = 14.8.
7.6,5.5 Hz, 1 H), 5.18 (dd, J = 16.3, 1.9 Hz, 1 H), 5.08 (dd, J = 10.2, 1.7 Hz, 1 H), 4.28 (dd, J = 15.5.
5.5Hz, 1 H), 3.78 (dd, J=11.7, 3.1 Hz, 1 H), 3.59-3.69 (m, 2 H), 3.55(d, J=11.7Hz, 1 H), 3.10 (brs.

H), 2.45(ddd, J=17.1,9.7,4.7 Hz, 1 H), 2.31 (ddd, J=17.1, 9.8, 5.3 Hz, 1 H), 1.90-2.16 (m, 2 H); EI~

AAQ 2/ 1Q1 AAN 1£A4 18N 120 174 09 Q4 £7- ERI_LIDACQ alnd far T NO 191 100N findd
VLD 7fi/{ 101 vl J, 10%, 1JY, 1J7, l4&7*v, 70, 0%, U/, EI-HRMS caled for LSRR STIA AV 101.1u7u, ouna

181.1077.

(58)-5-Formyl-1-[{(2E)-2,4-pentadienyl]-2-pyrrolidinone (33). A crude product, which was
prepared from 32 (67.5 mg, 0.372 mmol) d Dess-Martin reagent (206 mg, 0.484 mmol) in a similar manner
as above, was purified by column chromatography on silica gel (AcOEt) to give 33 (59.3 mg, 89%) as a
colorless oil. IR (neat) 2711, 1732, 1686, 1651, 1602 cm’; '"H NMR (270 MHz, CDCl,) 89.57 (d, J = 2.4
Hz 1 H), 6.29 (ddd, J=16.7, 10.1, 10.1 Hz, 1 H), 6.14 (dd, J=14.9, 10.1 Hz, | H), 5.44 (ddd. J = 14.9.
.6.3 Hz, 1 H), 5.21 (dd, J=16.7, 1.4, 1 H), 5.12 (dd, J = 10.1, 1.4 Hz, 1 H), 4.28 (dd., J= 15.3. 6.3
Hz, 1 H), 4.12 (ddd, J=9.3, 4.3, 2.4 Hz, 1 H), 3.74 (dd, J=15.3, 7.7 Hz, 1 H), 2.40-2.49 (m, 2 H), 2.28
(m, 1 H), 1.90-2.13 (m, | H); EI-MS m/# 179 (M"), 150, 124, 113, 84, 67, 44; EI-HRMS caled for
C,,H,,NO, 179.0931, found 179.0916.
(58)-1-[3-(1-Ethoxyethoxy)propyl]l-5-hydroxymethyl-2-pyrrolidinone (41). A crude product,
which was prepared from 40 (278 mg, 1.21 mmol) and 44 (383 mg, 1.81 mmol), was purified by column
chromatography on silica gel (hexane/AcOEt=1/1, AcOE) to give (55)-5-tert-butyldimethylsilyloxymethyl-1-[3-
(l~c,thoxyeﬂmxy)propyl} -2-pyrrolidinone (387 mg, 89%) as a colorless oil. IR (neat) 1690, 1117 cem’: 'H

ATY ;™I R AYY P ave ~ATT

NMR (270 MHz, CDCl,) 6 4.65 (q, /= 5.4 Hz, 1 H), 3.54-3.75 (m, 6 H), 3.35-3.54 (m. 2 H). 3.10 (m, | H).

’)AA(AAA I— 14 & 00 2O, 1IIV D NQ A4 F_Il(t( O&L AQE, 1TILIY D)DK i 1 lA(]I(\C:n-\
4.9 \Uld, v = 10.9, 0.7, 0.7 114, 111),&&0\uuu, = 10.0, 7.0, 4.0 017, 1 11}, 4. U3 {il}, 111/.1 .73 (.

3H), 1.29(d, J=5.4Hz, 3 H), 1.19(t, J=6.8 Hz, 3H), 0.88 (s, 9 H), 0.048 (s, 3 H), 0.044 (s. 3 H): EI-

MS m/z 344 (M'-Me), 314, 302, 286, 270, 258, 314, 142, 73 ; EI-HRMS calcd for C,,H,,NO,Si (M"-Me)

344.2257, found 344.2257. The product (346 mg, 0.960 mmol) was desilylated with TBAF (1M solution in

THF, 1.5 ml, 1.50 mmol) to give 41 (206 mg, 87%) as a colorless oil. IR (neat) 3392, 1666. 1058 cm™: 'H

NMR(?_?O MHz, CDCl,) 8 4.65 (q, J = 5.8 Hz, 1 H),3.84 (brd, J=11.5 Hz, 1 H), 3.25-3.73 (m, 8 H).

.85 (brs, 1 H),247(ddd J=15.6,10.0, 7.1 Hz, l H), 2.30(ddd, J=15.6, 9.8, 5.8 Hz, 1 H), 1.77-2.20
|

N
(m4H). 1.29¢(d. J=5.8Hz 3 H). 1.19( J=7.0 Hz. 3 H): EI-MS m/ 228 (M*-OH). 214 (M*-CH.OH)
(M, 4, 1.259 {4,/ =5.6 1z, 5 1), 1.17({, 4 = /.U 01Z, 5 11), CI-IV1> 7/ 226 (M 1), 214 (M \.,quUllJ
2 172 156 142 EI-HRMS caled for C. H. NO. \M*-CH Y214 1459 found 214 1444

200, /2106, 142 El-nRMs caled for U (1, (NO, (M'-CH,0R) 214.143%9, Toung 214, 1444,
(5§8)-1-(3-Formvlethv-5.(1, 3.butadienvl)- 7-nv rolidinone (42) A crude product. which was
(d3)-1-(D ethvl) (1, utaalenyl) pyr dinone ( A crude product,

it RR i -7

prepared from 41 (164 mg, 0.667 mmol) and Dess-Martin reagent (566 mg, 1.33 mmol), was dissolved in
THF (1 ml). To the cooled solution was added a solution of ylide, which was prepared from allyltriphenyl-
phosophonium bromide (385 mg, 1.00 mmol) and BuOK (168 mg, 1.50 mmol) in THF (5 ml). and the
mixture was stirred at room temperature for 1 h.  To the mixture was added saturated aq. NH,Cl at 0 °C. and
the aqueous layer was extracted with AcOEt. The organic layer was washed with brine, dried over Na,SO,.
and concentrated.  The crude product was treated with p-TsOH-H,0 (11.6 mg, 60.9 umol) in MeOH (1.5 mD
to give (55)-5-(1,3-butadienyl)-1-(3-hydroxypropyl)-2-pyrrolidinone (30.3 mg, 'nc/; 3 steps) as an
inseparable mixture of isomers (E/Z=1/1). IR (neat) 3414, 1668, 1604, 1258 ¢cm'; '"H NMR (500 MHz.

CDCl,) (E)-isomer: § 6.34 (ddd, J=16.9, 10.3, 10.3 Hz, 1 H), 6.23 (dd, J = 15.0, 10.3 Hz, 1 H), 5.50 (dd.
J=15.0, 8.9 Hz, 1 H), 5.34(d, J=16.9 Hz, IH) 5.25(d, J=10.3 Hz, 1 H), 4.04 (ddd, J= 8.9, 7.9, 7.9

(m, 2 H) (L) isomer: 0 6.64 ((ldd J=169, lU 9 10.9 Hz, 1H), 0.22 (dd, J= 15.0, 9.8 H7 | H), “—» 28 (dd.
r— O Q O £ I~ 1T 1IN c Y7 /A F . 1£ O 1 10 71 T __ 1N O 1Y~ 1 ITN A &= 1311 F O & 7 79
J=9.8,9.5 07 ), 5.27(d, J=16.9Hz, 1 H), 5.18(d, /= 10.9 nL,lﬂ),*.Jl\UUU.J—VJ. {2072
Hz 1 H), 3.40-3.70 (m, 4 H), 3.2/ (m, | H), 2.35-2.55 (m, 2 H), 2.28 (m, 1 H), 1.80(m. ! H), 1.55-1.65
(m, 2 H); EI-MS m/ 195(M"), 178, 167, 164, 150, 140, 136, 122, 94, 67, 59.  The alcohol was oxidized

with Dess-Martin reagent (281 mg, 0.663 mmol) to give 42 (82.2 mg, 83%) as an inscparable mixture of
isomers (E/Z=1/1). IR (neat) 1722, 1682, 1604 cm; '"H NMR (500 MHz, CDClL) (E)-isomer; & 9.76 (L
J=1.5Hz, 1 H), 6.34 (ddd, J=16.8, 10.5, 10.5 Hz, 1 H), 6.25 (dd, J=15.1, 10.5 Hz, lH) 550(dd‘J=

131Sjl—izIH)536((1J—IOSHZ,IH),SU(U.J—lUSHZlH)4ll(dde-—8 5.8.5.8 Hz.
1 H), 3.71 (m, 1 H), 3.31 (m, 1 H), 2.78 (m, 1 H), 2.61 (m, 1 H), 2.2-2.46 (m, 3 H), l74(mlH) (£)-
1n

isomer: $9.76(t, J= 1.5 Hz, 1 H), 6.71 (ddd, J=16.7, 10.9, 10.9 Hz, 1 H), 6.22 (dd. J= 10.9. 10.9 Hz.
1 H), 5.28 (dd, /= 10.9, 9.4 Hz, | H), 5.27 (d. /= 167 Hz, 1 H), 5.25 (d. J = 10.9 Hz, 1 H). 4.26 (ddd. J
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=94, 6.8, 6.8Hz, 1 H), 3.71 (m, 1 H), 3.31 (m, 1 H), 2.78 (m, 1 H), 2.61 (m, 1 H), 2.2-2.46 (m, 3 H).
1.74 (m, 1 H).
(58)-5-[(E)-1,3-Butadienyl]-1-(3-formylethyl)-2- pyrmhdmone (42E). To a solution of oxalyl

rhlavida (1 £ «nl 10 2 snsnis]) 30 ST M 2K ) wyne addad o Ahitinn Af TMAMCMNY /1 2 ml 1Q 2 sennl)
\-lllUllUC \1 v LI, 10.0 llullU.l,l i I 12\412 \.JJ uu} wWads auuvu a \\)lull\)[l VLI LJIVION/ (1.0 LM, 10,0 11ui1VL) lll
CH,CL, (7 ml) at -78 <C, and the mixture was stirred at the same temperature for 10 min. To the mixture was

added a solution of 41 (3.00 g, 12.2 mmol) in CH,Cl, (8 ml) at -78 °C, and the mixture was stirred at the same
temperature for 10 min. To the mixture was added triethylamine (17 ml, 122 mmol) at -78 <C and the
temperature was raised to 0 C for 2 h.  After usual work up, the crude product was dissolved in benzene (50
ml). To the solution was added Ph,CHCO,Et (4.25 g, 12.2 mmol), and the mixture was refluxed for 12 h.

Fard BV all ATYY

The solvent was I'CIHOVEG and the residue was dissoived in toluene and CH LU, ([011.161’16 CH, Ll =2:1, 27 mi).

T the ¢l ne addad TYRAT T /1 0O A ol ~1va 270 8 w1 200 _’7Q q nd tha
1U uic auxuuuu Was adlaCh vIDAL-N (L.Va M aUluuuu uj Lunumnc, 7.3 T, JU.vU lll.ulUl) at -/6 1, ana e

mixture was stirred at the same temperature for 2 h.  To the mixture was added a small amount of MeOH at -78
<C, and the solution was stirred at 0 C. To the mixture was added 50% ag. potassium sodium (+)-tartarate
tetrahydrate, and the aqueous layer was extracted with AcOEt.  The organic layer was washed with brine, dried
over Na,SO,, and concentrated. The residue was purified by column chromatography on silica gel (AcOEt
AcOEYMeOH=20/1) to give (55)-1-[3-(1-ethoxyethoxy)propyl}-5-[(E)-3-hydroxy-1-propenyl]-2- pyrrolidinone
(1.00 g, 30%, 3steps). Toa suspension of Dess-Martin reagent (2.35 g, 5.53 mmol) in CH,ClL, (22 ml) was

added o cahiticn of tha alachal 71 N o 2 A0 o) in O 01 7Q ol ot ) T and tha miyhire was chrred af
added a solution of the alcohol (1.00 g, 3.69 mmol) in L, (6 M) at U L, ana the mixiure was stirred at
room temnperature for 30 min After usual work un, the :nnd ")"Od.). ct was dissolved in THF (1 ml). The

room temperature for 30 min.  After usual work up, the crude 12
solution was added to a cooled solution of ylide, which was prepared from Ph PMeBr (1.32 g, 3.69 mmol) and
BulLi (1.64 M solution in hexane, 2.25 mi, 3.69 mmol) in THF (5 ml), and the mixture was stirred at 0 °C for |
h.  To the mixture was added saturated aq. NH,Cl at 0 °C, and the aqueous layer was extracted with AcOEt.
The organic layer was washed with brine, dried over Na,SO,, and concentrated. The crude product was
treated with p-TsOH-H,O (21.1 mg, 0.111 mmol) in MeOH (1.5 mi) to give (55)-5-[(E)-1,3-butadienyl]-1-(3-
hydroxypropyl) 2-pyrroljdinonc (238 mg, 3?%, 3 steps) as a c0101less oil. The alcohol (43 7 mg, 0.224

LAASSUIVIAL il 2ia A4 1

1X1213001) gy weJJIU Hnaviy

colorless 011; whose spectral data were 1den,ucal W1th those of above mentloned 4 2E.

(55)-1-(2-Formylethyl)-5-(1,3-pentadienyl)-2-pyrrolidinone (43). In a similar manner to that for
the synthesis of 42 for 41, a crude product, which was prepared from 41 (1.49 g, 6.09 mmol) and Dess-
Martin reagent (3.66 g, 7.92 mmol), was dissolved in THF (5 ml). To the cold solution was added a solution
of ylide, which was prepared from crotyltriphenylphosophonium bromide (2.42 g, 6.09 mmol) and 'BuOK (68.

mmol, 6.09 mmol) in THF (15 ml), and the mixture was stirred at room temperature for I h. After usual
work up, the crude product was treated with p-TsOH-H,O (11.6 mg, 60.9 fmol) in MeOH (10 ml) to give
(55)-1-(3-hydroxypropyl)-5-(1,3-pentadienyl)-2-pyrrolidinone (582 mg, 46%, 3 steps) as an inseparable
mixture of isomers. IR (neat) 3404, 1668, 1655, 1160 cm’; '"H NMR (270 MHz, CDCI3) § 4.95-6.60 (m. 4
H), 4.56 (ddd, /=9.9, 6.7, 6.7 Hz, 3/8 H), 3.95-4.17 (m, 5/8 H), 3.76 (t, J= 6.7 Hz, | H), 3.38-3.65 (m. 3
H), 3.14-3.30 (m, 1 H), 2.20-2.58 (m, 3 H), 1.78 (dd, J = 7.2, 1.7Hz, 3 H), 1.50-1.71 (m, 3 H); EI-MS
m/z 209 (M"), 194, 192, 178, 168, 164, 150, 142, 136, 111, 98, 84, 67, 59; EI-HRMS caled for C,.H,,NO,
209.1435, found 209.1454 In a similar manner as abovc,, the alcohol (56.5 g, 0.270 mmol) was oxidized

with Dess-Martin reagent (149 mg, 0.351 mmol) to give 43 (48.3 mg, 86%) as an inseparable mixture of
] 821
1

1
icomere TR (neat) 2798 2. 1682, 1656 cm!s 'TH NMR (270 MHz CDCl, x Q76 t =5 33H7 | )
gy AU L v

ASVILRAL LS. RN \LIUARL ) &/ T, 17 4 s’ VAR RRUNIVUN (LT AV.LIIL, A3 B Y S L A Y O R VAT N

5.08-6.60 (m, 4 H), 4.61 (m, 3/8 H), 4.03-4.17 (m, 5/8 H), 3.70 (m, 1 H), 333(m 1 H), 2.77 (m. 1 H».

2,60 (m, 1 H), 2.19-2,48 (m, 3H), 1.65-1.83 (m, 4 H); EI-MS m/z 207 (M"), 192, 189, 178, 194, 150, 148,
136, 134, 122, 108, 97, 82, 67, 55; EI-HRMS calcd for C, ,H,,NO, 207.1247, found 207.1234.

The General Procedure for the Cyclization Using Ni(cod), and triethylsilane. To a stirred
solution of Ni(cod), (0.0560 mmol) and PPh, (0.112 mmol) in degassed-THF (3 ml) were added Et,SiH (1.41

mmol) and a solution of aldehyde (0.280 mmol) in degassed-THF (4 ml) at O C. The mixture was stirred at

S et v ] TH o dhe oy cenlerecian ewr ad Al cnemranaan.d o NTLIT M e N QY =1 el m
room temperature. To the mixwre was added saturated aq. NH,Cl at 0 °C, and the mixture was stirred at the
same temnerature for 20 min The aaueonc laver wac evtracted with AcOFt The oreanic laver was wached
lelele vx;;y\y‘ul,ulw AN/E 4w\J RULARL. 1l us\.iuvuuo EAYWE VY AW AU GCLCUE VY ST WU AN st«-uu\. ll-l.)’ oYW Ad VY i
with brine, dried over Na,SO,, and concentrated. The residue was purified by column chromatography on

silica gel to give thc yclized product
(35%,45%)-4-[(E)-1-Propenyl)]-1-(p-toluenesulfonyl)-3-triethylsilyloxypyrrolidine (18).
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A crude product, which was prepared from Ni(cod), (12.5 mg, 45.4 pmol), PPh; (23.9 mg, 91.1 pmol).
Et,SiH (0.18 mi, 1.13 mmol), and 15 (63.4 mg, 0.227 mmol), was purified by column chromatography on
silica gel (hexane/AcOEt=10/1, 5/1) to give 18 (56.0 mg, 63%) as a colorless solid. IR (nujol) 1654, 1346,

I‘IAA IMQ nml ‘H\\‘D (RON AN OTWIY R 771734 T — 2 s "7U\ 7204 I—RQRQ2H> 7 HY 5§ AR
L1y IUJO Uil LX 1M1V, ( AViR 1L, \.zl}\./la} vV /.71 \U, J « QL a1l foaZ \My v — O.0 114, & 11), J.770
H),

(dq. J = 15.5, 6.3 Hz, 1 H), 5.28 (ddq, J = 15. . 1H), 4. (dd J=3.53.5Hz | H), 3.49
(dd, J=11.1, 3.7 Hz, 1 H), 3.46 (dd, 7=8.9, 7.6 Hz, 1 H), 3.17(dd, J = 11.1, 0.9 Hz. 1 H), 3.09 (dd. J =
10.9, 8.9 Hz, 1 H), 2.56 (dddd, J = 8.1, 7.6, 3.6, 3.6 Hz, | H), 242(5,31{) 1.62 (dd. J = 6.3, 1.0 Hz. 3
H), 0.81 (t, J= 7.9 Hz, 9 H), 0.48 (q, J = 7.9 Hz, 6 H); EL-MS m/; 395 (M"), 380, 367, 240, 211, 183, 155,
139, 115, 91, 42; EI-HRMS caled for C,H,,NO,SSi 395.1963, found 395.1950; mp 75-76 “Cl: Anal. Calcd
for C,,H,,NO,SSi: C, 60.72; H, 8.41; N, 3.54; S, 8.10. Found: C, 60.61; H, 8.33; N, 3.42: S, 8.12.

(D
[#e] \

a,
dq,
, J

/RO A

(35%,45%)-3-Hydroxy-4-propyi-1-(p-toluenesuifonyl)pyrrolidine (19). IR (neat) 3512, 1598,

1336, 1162 cm'; 'H NMR (500 MHz, CDCl,) 8 7.70 (d, J = 8.1 Hz, 2 H), 7.30 (d, /= 8.1 Hz. 2 H), 4.15 (m.
1 H),3.47(dd, 7=9.4,79Hz, | H), 3,41 (dd, J=11.4,37 Hz, | H), ? 34(brd, J=11.4Hz 1 H) 2,94
(dd, /= 10.8, 9.4 Hz, 1 H), 2.41 (s, 3 H), 1.93 (m, 1 H), 1.72 (br s, 1 H), 1.15-1.50 (m, 4 H), 0.86 (t. J =
7.0 Hz, 3 H); "’'C NMR (125 MHz, CDCI,) & 143.4, 134.1, 129.6, 127.4, 71.6, 56.5, 50.5. 43.9, 284, 21.5.
21.0, 14.0; EI-MS m/z 283 (M), 240, 214, 198, 184, 155, 128, 91, 44; EL-HRMS caled for C,,H,,NO,S
283.1230, found 283.1218.

(35*,4R*)-4-[(E)-1-Propenyl]-1-(p-toluenesulfonyl)-3-triethylsilyloxypiperidine (20). A
crude product, which was prepared from Ni(cod), (15.4 mg, 56.0 pmoi), P'Phx (29.4 mg. 0.112 mmol).
Ft CilT /N D2 vl 1T A1 snenall and 1T£ 729 1 o N ICN innd rifind Al rhrAamatacrani

l.zl]le!l \U.LJ i, L.7v1 llull‘)l}, “iiv 4 v \OL. 1 lllE, V. &40V llLUJUl}, wa.\ l)uuuuu l!y b\llulllll LlllUlll(llU"lﬂPllV Ull

silica gel (hexane/EKZO-S/l 5/1) to give 20 (80.8 mg, 70%) as a colorless solid. IR (nujol) 1596, 1344, 1172.
1108 cm™'; '"H NMR (600 MHz, CDCL,) 8 7.63 (d, J= 8.2 Hz, 2 H), 7.32(d, J= 8.2 Hz, 2 H), 5.42(dq. J =
15.3,64Hz, 1H), 528 (dd, J=15.3,7.7Hz, | H), 3.76 (ddd, J=11.0,4.9, 1.9 Hz. 1 H), 3.70(brd. J =
11.9Hz, 1 H), 3.41(ddd, J=9.7,9.7, 4.9 Hz, 1 H), 2.41 (s, 3H), 2.18(ddd, J=11.9, 12.2. 2.5 Hz, 1 H).
2.05(dd, J=11.0, 9.7Hz, 1 H), 1.74 (m, 1 H), 1.68 (brd, /= 13.8 Hz, 1 H), 1.64 (d. J = 64Hz. 3 H.
1.51(dddd, J=13.8, 12.2, 12.24.9 Hz, 1 H), 0.93 (t, J= 8.0 Hz, 9 H), 1.14 (g, J= 8.0 Hz, 6 H); "C NMR

7.0. 45.6. 29.6. 21 4. 17.9
1.4, >

{17K NALY f“N‘I\RIAﬁA 122 2 121 QO 170 & 177 A& 174« & 71 1 &Y A A

V140 VIZ, CAy) O 140.4, 155.0, 101.7, 147,95, 127.0, 120.3, /1.1, de.4, &4 4.0, 2970, Z1.94. 117.
6.7, 4.9; EI-MS m/z 409 (M"), 380, 254, 155, 115, 87; EI-HRMS caled for C,,H,.NO,SSi 409.2089, found
409.2071; mp 75-76 C; Anal. Caled for C,,H,,NO,SSi: C, 61.57; H, 8.61; N, 3.42; S. 7.83. Found: C.

61.62; H, 8.62; N, 3.37; §, 7.79.

1-Aza-3-[(E)-1-propenyl]-1-(p-toluenesulfonyl)-4-triethylsilyloxycycloheptane (24a and 24b).
A crude product, which was prepared from Ni(cod), (22.3 mg, 0.0811 mmol), PPh, (42.5 mg. 0.162 mmol).
Et;SiH (0.32 ml, 2.00 mmol), and 23 (82.1 mg, 0.280 mmol), was purified by prepardti\e thin layer
chromatography on silica gel (hexane/Et,0=20/1) to give Z4a (31.1 mg, 18%) and 24b (70.7 mg. 41%) as the
colorless oils, respectively. 24a: 'H NMR (500 MHz, CDCl,) 8 7.67 (d, J = 8.3 Hz, 2 H). 7.28 (d. /= 8.3
Hz, 2 H), 5.49 (dq, J= 15.6, 6.3 Hz, 1 H), 5.35 (ddq, J = 15.6, 8.3, 1.3 Hz, 1 H), 3.97 (brd. /= 5.8 Hz. |

< Aid, Vel O ixd.

H), 3.61 (ddd, J— 12.5, 7.3, 7.3 Hz, 1 H), 3.43 (dd4 J=14.1, 3.5 Hz, 1 H), 2. 99 (ddd, J=12.5.6.3. 6.3
Hz, | H), 2.93 (dd, /= 14.1, 10.8 Hz, 1 H), 2.41 (s, 3 H), 3.37 (m, 1 H), 1.80-2.00 (m, 2 H). 1.60-1.75 (m.
2H), 1.65(dd, J=6.3, 1.3Hz, 3 H), 0.92 (t, J=7.8 Hz, 9 H), 0.54 (q, /= 7.8 Hz, 6 H): "C NMR (125
MHz, CDCl,) & 142.8, 136.9, 130.9, 129.5, 126.9, 126.4, 72.6, 50.8, 48.3, 47.8, 32.3, 26.7, 21.4, 18.1.

.

6.9, 4.9. 24b:'H NMR (500 MHz, CDCl,) § 7.67 (d, /= 7.9 Hz, 2 H), 7.29 (d, /= 7.9 Hz, 2 H). 5.52 (dq.
J=15.4,6.3 Hz, | H), 5.44 (ddq, /= 15.4, 8.1, 1.1 Hz, 1 H), 3.62 (ddd, /= 8.0, 5.6, 2.4 Hz, 1 H), 3.23-
3.32(m,2H), 3.18(dd, J=14.2, 6.8 Hz, 1 H), 3.12 (m 1H), 2.41(,3H),2.30(m, 1 H). 1.90(m. | H).
1.63-2.82 (m, 2 H), 1.68 (dd, J= 6.3, 1.1 Hz, 3 H), 1.57 (m, 1 H), 0.92(t, J=8.0Hz. 9 H), 0.54(q. J =
8.0 Hz, 6 H); *C NMR (125 MHz, CDCL,) § 142.9, 135.8, 130.8, 129.5, 127.1, 127.0, 74.8. 50.6. 48.

47.3, 32.1, 215, 21.4, 18.1, 6.8, 4.9.

4-Aza-2-propyl-4-(p-toluenesulfonyl)cycloheptanone (25). IR (neat) 1704, 1598, 1338, 1158 cmr

i:‘H NMR (500 MHz, CDCl,) 8 7.64 (d, J =8.2 Hz, 2H), 7.29(d, J =8.2 Hz, 2 H), 3.67-3.70 (m, 2 H).
2.89(ddd, /=13.4,9.0,4.5Hz, 1 H), 2.82(dd, J=14.4, 9.8 Hz, 1 H), 2.68 (m, 1 H), 2.56 (ddd., J = 13.4.

O 2 A & LY~ 1 AY Y AT e 1 LT\ N AN (o 2 LI\ 1 717 1 Q77 (ann A TIN 1 &£ §amn 1 LI 1T ™7 1 AN 1 . 2 Ir

9.5,4.0 0Z, 1 A, 2.4/ {(m, I 1), 2.4U (8, > 1), 1.//-1.0/ (I, 2 ), 1.50(m, I 1), 1.2/-1.40 (m, > )
0.88 (t, /= 7.1 Hz, 3 H); "C NMR (125 MHz, CDCL,) § 212.2, 143.5, 135.8, 129.8, 127.0. 53.4, 50.6
50.1, 40.6, 31.4, 25.4, 21.4, 20.1, 13.9; EI-MS m/z 309 (M"), 295, 280, 267, 240, 155, 125, 112: EI-HRMS
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caled for C,(H,;NO,S 309.1405, found 309.1399; mp 76-77 °C; Anal. Calcd for C, H,,NO,S: C, 62.11: H,

7.49; N, 4.53; §, 10.36. Found: C, 62.01; H, 7.53; N, 4.41; S, 10.28.

(3R,4R,55)-1-Aza-3-[(E)-1-propenyl]-4-triethylsilyloxybicyclo[3.3.0]octan-8-one (34a).

IR (neat) 1702, 1652, 1104 cm”; '"H NMR (270 MHz, CDCl,) 8 5.41-5.57 (m, 2 H), 3.74-3.86 (m. 3 H).

2.94(ddd, J =117, 7.7, 1.1 Hz, 1 H), 2.54-2.72 (m, 2 H), 2.26-2.40 (m, 2 H), 1.59-1.70 (m. | H), 1.68
1

Iz, 1 H), 2. 2 H), 2.26-2.40 (m

(dd, J 6.3, 1.5 Hz, 3H) 0.95 (t, J = 7.8 Hz, 9H) 0.65(q, J = Hz, 6 H); "C NMR (67.5 MHz,
CDClL,) 9 176.1, 127.9, 127.5, 78.6, 68.5, 48.4, 46.4, 33.9, 26.2, 180 663 4.67; EI-MS m/; 295 (M").
226, 163, 115, 97; EI-HRMS calcd for C, H,,NO,Si 295.1970, found 295.1973.

(35,45,5S5)-1-Aza-3-[(E)-1-propenyl]-4-triethylsilyloxybicyclo[3.3.0]octan-8-one (35a). IR
(neat) 1694, 1655, 1116 cm™; 'H NMR (270 MHz, CDCL,) § 5.56 (dq, J = 15.3, 5.9 Hz, | H), 5.44 (ddq. J =

i5.3,7.7, 0.74 Hz, 1 H), 3.88-4.01 (m, 2 H), 3.29 (dd, J= 10.9, 10.9 Hz, 1 H), 3.17 (ddd, J = 10.9. 8.6.

0.88 Hz, 1 H), 2.92 (ddd, J = 18.2, 8.6, 3.1 Hz, 1 H), 2.64 (m, 1 H), 2.39 (ddd, J= 16.5. 9.8. 3.5 Hz. | H)
1.87-2.17 (m, 2 H), 1.69 (dd, J= 5.9, 0.74 Hz, 3 H), 0.94 (t, J= 7.8 Hz, 9H), 0.59 (q. /= 7.8 Hz. 6 H)
"C NMR (67.5 MHz, CDCI,) & 176.3, 128.2, 128.0, 74.5, 67.1, 50.9, 45.0, 34.2, 19.2, 17.9, 6.81. 5.03:
EI-MS m/z 295 (M"), 226, 163, 115, 97; EI-HRMS calcd for C, ;H,,NO,Si 295.1963, found 295.1958.

(3R,4R,55)-1-Aza-3-[(E)-1- propenyl] 4-triphenylsilyloxybicyclo[3.3.0]octan-8-0one (34b).
IR (neat) 1698, 1654, 1590, 1118 cm; '"H NMR (270 MHz, CDCL,) & 7.58-7.67 (m, 6 H), 7.35-7.51 (m. 9
H) 567(ddq, =154, 8.7, 1.5 Hz, lH) 5.44 (dq, J=15.4, 6.3 Hz, lH) 4.07 (dd, J= 6.3, 4.0 Hz, 1 H).
j=8.7,7.0, 4.0 Hz, lﬂ),JesU(da J=11.6, /ZHZ I H), : Uj(ddd J=11.6, 7.8, 0.9Hz, I

H), 2.58(ddd, /=15.0,7.5, 7.5Hz, 1 H), 2.46(m, | H), 2.16 (ddd, J=16.4, 8.2, 1.5 Hz. 1 H). 1.81 (m.

1 H), 1.70 (dd, J = 6.3, 1.5 Hz, 3 H), 1.32 (m, 1 H) ; EI-MS m/ 439 (M"), 362, 259. 181, 105, 97: EI-
HRMS calcd for C, H, ;NO,Si 439.1992, found 439.2016.

(35,45,55)-1-Aza-3-[1-(E)-propenyl}-4-triphenylsilyloxybicyclo[3.3.0]octan-8-one  (35b).

IR (neat) 1692, 1648, 1558, 1116 c:ml lH NMR (270 MHz, CDCl,) 87 55-7.65 (m, 6 H), 7.33-7.49 (m. 9

H), 5.45(dq, J=15.5, 5.8 Hz, 1 H), 5.35(dd, J= 15.5, 7.0Hz, | H), 4.25(dd, J=3.0, 3.0 Hz, 1 H). 3.90

(ddd J 72 72 24HZ IH) 348(dd J=10.3, 10.3 Hz, 1 H), 3.24 (dd, J=10.3, 10.3 Hz, | H). 2.94

1 H), zjl(ddd J=16.7,10.1, 29 Hz, 1 H), 1.97 (m, 1 H).
05,

iz, 7,

; EI-MS m/z 439 (M), 362, 2 97. 77: EI-HRMS
9
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(7R 8 -8-[(E)-1-Propenyl]- 7 tnethyls1ly|0xy1ndohzxdm 3-one (45a) and (75,8S5,8aS)-
8-[(E)- 1 Pmnenvl] 7-triethylsilyloxyindolizidin-3-one (46a) from 42. A crude product, which
was prepared from Ni(cod), (22.0 mg, 80.0 pmol), PPh, (23.1 mg, 0.160 mmol), Et,SiH (0.32 ml. 2.00
mmol) and 42 (77.3 mg, 0.400 mmol), was purified by preparative thin layer chromatography on silica gel
(hexane/AcOEt=3/1) to give 45a (49.8 mg, 40%) and 46a (46.4 mg, 38%) as the colorless oils. respectively.
45a: IR (neat) 1694, 1654, 1056 cm™: 'H NMR (500 MHz, CDCL) § 5.53 (dq, J = 15.4, 6.4 Hz, 1 H). 5.38

co

(ddq, J = 15.4, 8.9, 1.4 Hz, |1 H), 3.98 (brs, 1 H), 3.91 (ddd, J= 12.9, 5.4, 1.5 Hz, 1 H), 3.65 (ddd. J =
10.5, 7.4, 7.4 Hz, 1 H), 3.03(ddd, J=12.9, 12.9, 3.4 Hz, 1 H), 2.65 (d, J= 6.9 Hz, | H). 2.62(d, J= 6.9
Hz, 1 H), 2.06 (dddd, J = 13.6, 7.4, 6.9, 6.9 Hz, 1 H), 1.75 (ddd. J = 10.5, 8.9, 18-,1, 1 H). .70 (m. |
H), 1.69 (dd, J= 6.4, 1.4 Hz, 3 H), 1.51-1.57 (m, 2 H), 0.95 (t, J = 8.0 Hz, 9 H), 0.55 (q. J = 8.0 Hz. 6 H):

”C\’MR(IZS MHz, CDCl,) 8 173.6, 129.7, 127.9, 68.8, 54.7, 53.1, 34.1, 32.4, zoz 23.6. 18.1. 6.82.
4.93; EI-MS m/z 309 (M%), 280, 253, 228, 209, 195, 171, 143, 136, 122, 115, 87;: EI-HRMS calcd for
C,,H,,NO,Si 309.2118, found 309.2112. 46a: IR (neat) 1694, 1655, 1102 cm’; '"H NMR (500 MHz.

CDClL) 8 5.57 (dq, J= 15.2, 6.4 Hz, 1 H), 5.10 (ddq, /= 15.2, 9.2, 1.5HZ, H), 4.12 (ddd. J=13.3.
1.8 Hz, 1 H), 3.35(ddd, J = 10.0, 10.0, 4.2 Hz, 1 H), 3.21 (ddd, J= 10.0, 7.

13.3,13.3, 2.8 Hz, 1 H), 2.25-2.40 (m, 2 H), 2.08 (m, 1 H), 186(brd
10.0, 10.0, 9.2 Hz, | H), 1.69 (dd, J= 6.4, 1.5 Hz, 3 H), 1.59-1.67 (m, lH) 1.45 (m, 1 H), 0.94 (1,
8.0 Hz, 9 H), 0.56 (q, J = 8.0 Hz, 6 H); '*°C NMR (125 MHz, CDCl,) 8 173.5, 129.5, 128.8, 72.5. 59.2.
56.1, 37.6, 34.0, 30.3, 23.4, 18.2, 6.73, 4.98; EI-MS m/z 309 M"), 280, 254, 228, 209. 195, 171. 143. 136.

13.3 Hz, | H), 1.73 (ddd,

i 5.2

2,7.2Hz, 1 H), 2.65 (ddd. J =
J=
J

122, 115 ; EI-HRMS calcd for C,,H,,NO,Si 309. 2124 found 309.2124.
(7R, 85,8aS8)-8-[(E)-1-Propenyl]-7-triphenylsilyloxyindolizidin-3-one (45b) and (7S, 8S,
8aS)-8-[(E)-1-Propenyl]-7-triphenylsilyloxyindolizidin-3-one (46b). A crude product, which
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was prepared from Ni(cod), (10.1 mg, 36.4 umol), PPh, (19.1 mg, 72.8 pmol), Ph,SiH (237 mg, 0.910
mmol) and 42 (77.3 mg, 0.400 mmol), was purified by column chromatography on silica gel
(hexane/AcOFEt=1/1) to give inseparable mixture of 45b and 46b (67.7 mg, 82%, 45b/46b=1/1.1). 'H

Oy AQh- S")m"lﬂ‘l{m £ HY 7.4 Aﬁ‘(\m 3 HY 7.36-7.40 (m. 6 H) (4<

Z
5
?
?

NMR (500 MHz CDCl)) 45b:37.60-7.63(m, 6 H), 7.42-7.46 (m, 3 H), 7 7.40 (m, u.., Y (dg. J
=15.4, 6.1 Hz, 1 H), 5.36 (dd, /= 15.4, 8.7 Hz, 1 H), 4.24 hrs 1 H), 4.04 (ddd, 1-13 AAAAA .1.7Hz 1
H), 3.87 (ddd, J = 10.6, 7.5, 7.5 Hz, 1 H), 3.17 (ddd, J = 12.9, 12.9,3.0 Hz, 1 H), 2.2 47(111 2H).
2.01 (m, 1 H), 1.89 (brd, J= 12.9Hz, 1H), 1.78 (m, 1 H), 158 1.69 (m, 1 H), 1.50-1. 60(m 1 H). 1.53
(d,J=6.1 Hz, 3 H) 46b: 5760—763 (m, 6 H), 7.42-7.46 (m, 3 H), 7.36-7.40 (m, 6 H). 5.63 (dq. / =
15.1, 6.5 Hz, 1 H), 4.84 (dd, J=15.1, 9.1 Hz, 1 H), 3.89 (m, | H), 3.67 (ddd, /= 10.8, 10.8, 4.3 Hz. l H)
3.07 (ddd, /= 10.8, 7.1, 7.1 Hz, 1 H), 2.47 (ddd, J=13.3, 13.3, 2.2 Hz, 1 H), 2.23-2.42 (m. 2 H). 2.13 (m
1H), 195(ddd, J=98,98, 98 Hz 1 H), 165175 (m, 1 H), L.60(d, J=65Hz, 3 H), 141 (m. 1 H).
(7R,8S,8aS)-8-[(E)-1-Butenyl]-7-triethylsilyloxyindolizidin-3-one (47) and (7S5,85,8aS5)-8-
[(E)-1-Butenyll-7-triethylsilyloxyindolizidin-3-one (48). A crude product, which was prepared

Buten Is d
from Ni(cod), (12.1 mg, 44.0 pmol), PPh, (23.1 mg, 88.1 umol), Et,SiH (0 175 ml, 1.10 mmol) and 43
(45.6 mg, 0.220 mmol), was purified by preparative thin layer chromatography on silica gel
(hexane/AcOEt=3/1) to give 47 (25.5 mg, 36%) and 48 (26.5 mg, 37%) as the colorless oils, respectively

47: IR (neat) 1696, 1656, 1058 cm’'; 'H NMR (500 MHz, CDCL,) 8 5.56 (dt, J=5.5, 6.3 Hz, 1 H), 5.35 (ddt.
J=15.5,9.0, 1.3 Hz, 1 H), 3.98 (br s, 1 H), 3.90(ddd, J =13.0, 5.3, 1.3 Hz, 1 H), 3.63 {ddd. J = 10.5.
T2 79H> 1THY AN0/A444 T —120 120 21TH-, 1Y 2241 IT=T9595U> 1 HY 2920¢4d =7 HH7 1
Podeg fo& X34y 1 X1y, 22U GAG, v = 15.V, 1.V, J, 011, 1 x1), L. 01 \Q, v = /(. L01dy 1 1), 2. L7 \G, v = /. 201, 1
H), 204(dq J=6.3, 7.3 Hz, ZH) 2.02 (m, 1 H), 1.74 (ddd, J =10.6, 8.9, 1.7 Hz, | H). 1.69 (brd. J =
[3.6 Hz, 1 H), 1.50-1.56 (m, 2 H), 0.97 (t, J=7.3 Hz, 3 H), 0.95(t, /= 8.0 Hz, 9 H), 0.58 (q. /=8.0 Hz

H)'HCNW(IZSMHZ CDC])81736 135.2, 127.3, 69.8, 54.7, 53.2, 34.1, 32.4, 30.3. 25.7. 23.5.
13.5, 6.84, 4.94; EI-MS m/z 323 (M"), 294, 267, 238, 228, 209, 171, 136, 115, 96; EI-HRMS calcd for
C;H,;,NO,Si 323.2252, found 323.2224; [OL]D2i -90.6 (¢ 1.02, CHCL,). 48:1IR (neat) 1698, 1654, 1106 cm’
':'"H NMR (500 MHz, CDCl,) § 5.57 (dt, J = 15.3, 6.3 Hz, 1 H), 5.08 (dd, J = 15.3. 8.9 Hz. | H). 4. 11
(ddd, J= 13.3, 50 ISHZ 1 H), 3.49(ddd, /=10.2,9.9,4.1 Hz, 1 H), 3.20(ddd, /=9.2, 7.2. 7.2 Hz,
n%,?,ﬁnv 1H),2.35(ddd, J=17.1,5.1, 5.1 Hz, 1 H), 2.29(dd, J=17.1, LH

Hz lH) 206(m 1H) 3 (dq, /= 6.3, 7.5 Hz, 2 H), 185(brd J—1’79Hz 1 H), 1.72 (ddd. J = 99
9.9, 89 Hz, 1 H), 1.63 (rn 1H), 1.43 (m, 1 H), 0.98 (t, J=7.5 Hz, 3 H), 0.92 (t, J = 8.0 Hz. 9 H). 0.55 (

J=18.0 Hz, 6 H); ’C NMR (125 MHz, CDCl,) 8 173.5, 136.5, 126.5, 72.6, 59.2, 56.0, 37.6, 34.0, 30.3.
25.8, 23.3, 13.4, 6.8, 5.0; EI-MS m/z 323 (M"), 294, 267, 238, 228, 209, 171, 136, 115, 96. EI-HRMS
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=
[
2%
E
=9
:L
—~
I

I a

3
y Mitsunobu Reaction. To a solution of an alcohol (46.4 mg.
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1.14 mmol), benzoic acid (140 mg, 1.14 mmol), and diethyl azodicarboxylate (0.18 ml, 1.14 mmol), and the
mixture was stirred at room temperature for 2 h. To the mixture was added saturated ag. NaHCO,. and the
aqueous layer was extracted with AcOEt.  The organic layer was washed with brine, dried over Na,SO,. and
concentrated, which was dissolved in MeOH (1 ml). To the solution was added 10% aq. NaOH (1 ml) at 0 C.
and the mixture was stirred at room temperature for 4.5 h. The agqueous layer was extracted with AcOEt.
The organic layer was washed with brine, dried over Na,SO,, and concentrated. The residuc was puriﬁed by

-~
J

Transformation of 48 inio 47
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propenyllindolizidin-3-one (40.6 mg, 93%, 2 steps). To a solution of the deacy L.Wd. product (40.6 mg, 0.194
g

mmol) in pyridine (1 ml) was added Et,SiCI (50 ptl, 0.298 mmol) at 0 °C, and the mixture was stirred at room
temperature for 14 h. To the mixture was added saturated aq. NH,Cl at 0 ‘C and the aqueous layer was
extracted with AcOEt. The organic layer was washed with 10% HCI, saturated aq. NaHCO,, brine, dried over
Na,SQO,, and concentrated. The residue was purified by column chromatography on silica gel (AcOEt.

Y S A s

AcOEVMeOH=10/1) to give 47 (62.6 mg, 100%).
(7R,8R,8a5)-8-(1,2-Epoxybutyl)-7-triethylsilyloxyindolizidin-3-one (49). To a solution of 47
(143 mg, 0.442 mmol) in CH,Cl, (5 ml) was added mCPBA (226 mg, 1.31 mmol) at O °C, and the mixture was

stirred at room temperature fnr 6 h. To the mixture were added saturated aq. NaHCO, and saturated aq.

1184wy SOVIL WAL AREIT L a2 SAI0 WOID QUUICAL salldlaltl (<1 5 QW0 WY Sdtuiaiis

Na,5,0, at 0 C.  After the mixture was stirred at room temperature for 2 h, the aqueous layer was extracted
with AcOEt. The organic layer was washed with brine, dried over Na,SO,, and concentrated. The residue
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was purified by column chromatography on silica gel (AcOEt) to give 49 (149 mg, 99%) as an inseparable
mixture of isomers. IR (neat) 1694, 1234 cm’; 'H NMR (500 MHz, CDCI,) 8 4.27 (br s, 3/4 H), 4.17 (br s.
1/4 H), 3.85-3.95 (m, 2/4 H), 3.91 (dd, J = 13.0, 5.5 Hz, 3/4 H), 3.73 (ddd, J = 10.6, 7.6, 7.6 Hz, 3/4 H).

3.04(ddd, 7 =13.0, 12.8, 3.1 Hz, 3/4 H), 3.01 (ddd, J=12.8, 12.8, 3.8 Hz, 1/4 H), 2.80(dd. / =8.4. 2.1
Hz, 1/4 H), 2.75 (dt, J=12.1, 5.5Hz, 3/4H), 2.68 (dt, J = 2.1, 6.1 Hz, 1/4 H), 2.66 (dd, J=8.6, 2.1 Hz.
3/4 H), 230235(m,2H),218(m 1 H), 1.35-1.90 (m, 6H),100(t J 7.5 Hz, 3/4 H). 0.97 (¢, J= 8.0
Hz, 9H), 0.96 (1, J = 7.6 Hz, 9/4 H), 0.64 (g, J= 8.0 Hz, 6 H); EI-MS m/z 339 (M"), 323. 310. 280. 225.

136, 115, 87; EI-HRMS calcd for C, H,,NO,Si 339.2232, found 339.2234.

(7R,8R,8aS)-7-Acetoxy-8-[(E)-1-hydroxy-2-butenyl]indolizidin-3-one (50). After desilylation
of 49 with TBAF, the product (63.2 mg, 0.281 mmol) was dissolved in pyridine (I ml). To the solution were
added Ac,0 (53 ul, 0.480 mmol) and DMAP (1.7 mg, 13.9 pmol), and the mixture was stirred at room
termperature for 6 h.  After usual work up, the residue was purified by column chromatography on silica gel
(AcOEYMeOH=15/1) to give acetylated product (75.2 mg, 100%) as an inseparable mixture of isomers. IR
(neat) 1740, 1690, 1240 cm‘ 'H NMR (500 MHz, CDCl_v) 8 5.32(br s, 14/19 H), 5.29 (br s, 5/19 H). 4.03
(dd, J=13.9, 6.1 Hz, 5/19 H), 4.01 (dd, J= 13.5, 6.0 Hz, 14/19 H), 3.83 (ddd, /= 10.6. 7.0. 7.0 Hz. 5/19
H), 351 (ddd, J = 10.8, 7.5, 7.5 Hz, 14/19 H), 2.90 (ddd, J= 13.9, 13.9, 3.2 Hz, 5/19 H). 2.87 (ddd. J =

13.5, 13.5, 3.2 Hz, 14/19H), 2.80 (dt, J=2.2, 5.7 Hz, 14/19 H), 2.70 (dt, J = 2.0, 5.6 Hz, 5/19H) 2.61
(dd, J'=7.9, 2.2 Hz, 14/19H), 2.57(dd, / =7.9, 2.0 Hz, 5/19 H), 2.35-2.43 (m, 2 H), 2.25 (m. 1 H). 2.1t
(s, 42/19 H), 2.10 (s, 15/19 H), 2.07 (m, 14/19 H), 1.95 (m, 5/19 H), 1.47-1.70 (i, 4 H), 1.23 (m, 14/19 H)
1.12 (m, /19 H), 1.02 (t, J=7.5Hz, 42/19 H), 0.96 (, J =7.4 Hz 15/!9 H); EI-MS i/~ 268 (M'+H), 238,
207, 196, 178, 166, 150, 138, 96, 84; EI-HRMS calcd for C,, O, (M"+H) 268.1554, found 768 1559.

To a solution of the acetate (96.0 mg, 0.359 mmol) in CH,CN (2 ml) were added TMSI (0.11 ml, 0.773 mmol)
and DBU (0.27 ml, 1.81 mmol) at 0 C, and the mixture was refluxed for 6.5 h. To thc mixture was added
1% HCl at 0 °C, and the mixture was stirred at the same temperature for 30 min. The aqueous layer was
eXU’dL[CG Wl[ﬂ [‘\CUIZ[ lne organlc layer wads stneu with \dllll'd[e(l dq NariC U-‘, Drme dr 1ea over Na, D(J4
and concentrated.  The residue was purified by column chromatography on silica gel (AcOEt/MeOH 20/ o
give 50 (75.4 mg, 79%) as an inseparable mixture. IR (neat) 3394, 1738, 1668, 1654 cm’'; '"H NMR (500
MHz, CDClL,) & 5 71 (dg, J = 15.1, 6.1 Hz, 16/21 H), 5.61 (dq, J= 14.8, 6.4 Hz, 5/21 H). 5.54 (ddd. J =
15.1, 7.4, 1.2 Hz, 16/21 H), 5.45-5.51 (m, 1H), 5.21 (br s, 521 H), 3.95-4.19 (m, 2 H). 3.72 (ddd. J =

10.5, 6.7, 6.7 Hz, 16/21 H), 3.70(ddd, J = 10.6, 6.6, 6.6 Hz, 5/21 H), 2.87 (ddd. /= 13.2. 3.2, 3.2 Hz.

16/21 H), 2.82 (ddd, J=12.3, 12.3, 3.4 Hz, 5/21 H), 2.20-2.48 (m, 3 H), 2.10 (s, 48/21 H), 2.05 (s. 15/21
H), 2.04 (brs, 1 H), 1.99 (m, i H), 1.72 (dd, /= 6.1, 1.2 Hz, 48/21 H), 1.69 (dd, /= 6.4. 1.3 Hz, 15/21 H).
1 AS.1 TN (. 2T HY - ET_NMQ .. L 987 (AN 240 4 2N7T 100 164 182 1264 107 Q6 QA ET_HDNC ~al~d

G3-1. /U ik, O 1) , DA-IVLD FTi/Z 207 UVl j, &7, a4, LUi, 174U, 104, 135, 150, 1U/, 0. 64, CI1-riRvL Cach

for C, ,H, NO, 267.1457, found 267.1444.
(7R.8S,8a8)-7-Hydrox Kv-8-(2-butenayl)indolizidin-3-one (51). To a solution of 50 (54.2 mg.
0.203 mmol) in MeOH (1 ml) was added 10% ag. NaOH (0.1 ml) at 0 °C, and the mixture was stirred at 1hc
same temperature for 1.5 h. The aqueous layer was extracted with AcOEt. The organic layer was washed
with brine, dried over Na,SO,, and concentrated. The residue was purified by column chromatography on

silica gel (AcOEYMeOH=20/1) to give deacylated produc (42.8 mg, 94%) as a colorless oil. IR (neat) 3344,

1£LA A_.u-léll'I\Y\m LN MALY . TN N S 2 ON s 1 £ AT A YT L TA Ry 3 1o 4 £ £ YY_ 114
1004 Ci -, 1 INNMIK (OUU MINZ, ULACLL ) 0 0.5V (Uq, j = 12,0, 0.4 Nz, >4 1r1), >./4(4q, 4 = 115.4, 0.0 AZ, I/4
l.l\ SAS(dd T—=180 A2 H> YAHY SA1 (Ad T=1854 2 H> 1/AHY AAA (hre 1 HY 427 ¢ d LI

Js JuNTT Uk, o LUy UL 134, Jifr ll), J.UL \UU, J = 1.7, Vi 11L&, LI IL1), .55 (U1 D, 1| Yi), .07 (L, Jisv 11 ).
4.27 (m, 1/4 H), 4.05 (ddd, J = 10.9, 7.4, 7.4 Hz, 1 H), 3.94 (ddd, /= 12.8, 5.3, 1.0 Hz. | H). 3.32 (br s.

1 H), 3.10(ddd, J= 12.8, 12.8, 33Hz3/4H) .04 (ddd, J=12.8, 12.8, 34Hz 144 H), 2.77 (brd. J =
4.7Hz, 1 H), 2.25-2.43 (m, 3 H), 1.83 (br d, J= 138Hz 1 H), .75, J=6.4Hz, 9/4 H). 1.72(d. J =
6.6 Hz, 3/4 H), 1.40-1.70 (m, 3 H) ; EI-MS m/z 225 (M"), 207, 192, 182, 178, 164, 153, 136. 125. 110, 98.
84 71; EI-HRMS calcd for C,H (NO, 225.1370, found 225.1375.  To a solution of the product (42.8 mg.

. 150 mmol) was added MnO, (496 mg, 0.700 mmol), and the mixture was stirred at room temperature for 23
h. After the catalyst was filtered off, the filtrate was concentrated. The residue was purified by column

Chromamgranhv on silica gel (ACOEY/MeOH=15/1) to glvg 51 (27.3 mg, 64%) as a colorless solid. TR (nujoh
3284, 1675 1660 ¢cm'; IHNIVIR(SO(']M'HZ CDC1)5701 (dq, —156 6.9 Hz, 1H), 6.25 (dq, J = 15.6.
1.5Hz, 1 H), 4.30 (brs, 1 H), 4.07 (ddd, J=10.7, 7.2, 7.2 Hz, 1 H), 3.98 (ddd, J = 13.2, 5.6, 1.3 Hz. |

H). 3.13 (ddd, /=132, 13.2, 3.4 Hz, 1 H), 3.11 (brs, 1 H), 2.72 (dd, J=10.7, 1.7 Hz, 1 H). 2.35-2.40 (m.
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2 H), 2.20 (m, 1 H), 1.98 (dd, J=6.9, 1.5 Hz, 3 H), 1.93 (brd, J= 14.1 Hz, 1 H), 1.51-1.60 (m. 2 H). EI-

MS m/z 223 (M*), 205, 178, 164 124, 111, 95, 83, 69, 55; EI-HRMS calcd for C,H,NO, 223.1229, found

223.1249; mp 158-160 <C; [a],’' -129.5 (¢ 1.09, CHCl,).
(7R,8S5,8aS)-8-Butyryl-7-hydroxyindolizidin-3-one (52). To a solution of 51 (25.6 mg, 0.115

mmal) im AL (D mal) wag addad 100, DA (£ 1 g 72
mmol) it ACULCL (£ i) wasS aaded 1v7 ra-o (0.1 mg, J2./5

hydrogen (1 atm) at room temperature for 18 h.  After the catalyst was fi

The resndue was purified by column chromatography on silica gel AcOEYMeOH=15/1) to give 52 (24.

lItered off, the filtrate was cmccntmted,
24

mg.
93%) as a colorless solid, whose spectral data were identical with those reported by Koizumi, except for the
sign of [a],.  [a]p?* -109.2 (¢ 1.1, CHCL,).
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