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unsaturated ketones by treatment with NaH and 3,4-methylenedioxyphenol. The resulting radical
species successively add to the olefinic moiety intramolecularly to afford dihydropyrroles in the
presence of a radical trapping agent. This method is applied for the stercoselective synthesis of
xenovenine, a bicyclic 3,5-dialkylpyrrolizidine alkaloid. © 1999 Elsevier Science Ltd. All rights reserved.
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Alkylideneaminyl rad dicals, have been utilized as reactive intermediates for the
synthesis of nitrogen-containing heterocycles.!"4 For example, 2,3,4-triphenylquinoline or 1,3-
diphenylisoquinoline is prepared via alkylidencaminyl radicals generated by treatment of 1,2,3,3-tetraphenyl-
propylideneaminooxyacetic acid or phenyl-(2-styrylphenyl)methyleneaminooxyacetic acid with K25208.2 The
thermolysis of 1,5-diphenyl-1,2,5-triazapentadiene generates an alkylideneaminyl radical to give a
quinoxaline.3 In these methods, however, it is hard to find a synthetic application due to the lack of generality
and the low product yield 2.3 Recently, an effective method of generating alkylideneaminyl radical has been
reported by the use of radical chain reaction.!# That is, the radical cyclization takes place by treating each of
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We have reported a new method for the generation of alkylideneaminyl radicals by one electron reduction
of 0-2,4-dinitrophenyloximes. That is, radicals are generated from O-2,4-dinitrophenyloximes of ¥,6-
unsaturated ketones by treatment with NaH and 3.4-methylenedioxyphenol, and the resulting radical species
successively add to the olefinic moiety intramolecularly to afford cyclic imines.5 In this report are summarized
the full details of this reaction and the application for the stereoselective synthesis of xenovenine.
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oxime nitrogen atom by treatment with NaH in 1,4-dioxane to afford quinolin-8-ols and their 1,2,3,4-
tetrahydro derivatives.5 This cyclization is initiated by single electron transfer from the phenolate moiety to the
2,4-dinitrophenyl group, and the successive N-O bond cleavage results in the formation of alkylideneaminyl
radicals, which are then coupled to afford quinoline derivatives (Scheme 1).6¢
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The above—mentioned mechanism suggested us that alkylideneaminy! radicals would be generated from

0-2.4-dinitrophenyloximes having an olefinic moiety by one electron transfer from an electron donor and add
to the olefinic moietv to afford cveclic imineg in the nrecence of a radical trannino agent (X-Y) (Scheme 2)
{0 the olennic moiely 1o arford Cyciic min €8 m the presence Of a radical trapping agent (X-Y ) (Scheme 2)
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Based on this assumption, the reaction conditions of cyclization of cis-2-allyl-4-phenylcyclohexanone
(E)-0-2,4-dinitrophenyloxime (1) were screened (Table 1). When 1 was treated with NaH and m-cresol as an
electron donating reagent in 1,4-dioxane in the presence of l,4—cyclohexadiene as a radical trapping agent,
3,3a,4,5,6,7-hexahydro-2-methyl-5-phenyl-2H-indole (2a) was
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aminophenol, and 3,4-methylenedioxyphenol (Entries 2-6), 3,4-methylenedioxyphenol (sesamol, 3) was
found to be a suitable one. That is, treatment of 1 with NaH, sesamol 3, and 1,4-cyclohexadiene in 1,4-
dioxane at 50 °C afforded the hexahydroindole 2a in 91% yield (Entry 6).
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Table 1. Screening of the Reaction Conditions in the Cyclization of Oxime 1%
NOy _ -
on{ Ho. Me
Y e | N 9
i/\T/ 1,4-Cyciohexadiene l/\[, N
\l/ 1,4-Dioxane, Temperature \‘/' V '\‘/
1 i i
Ph | Ph N Ph
1 A 2a
Entry Phenol Temp/°C Time / h Yield/ % ©
Me,
1 DOH t 12 50
Me
Ab) h_nu zn g 10
\ _ J Wi Y o O
3® Ho—{_)-oH 50 5 10
4 Me0—~ V-OH 50 5 83
s MeN-{ Y-oH 50 5 77
‘,O\
6" 0 Yo 50 5 91
A--—4
a) All reactions were carried out using 10 molar amounts of NaH, an equimolar amount of a
phenol, and 10 molar amounts of 1,4-cyclohexadiene. b) 1,4-Dioxane was degassed by flowing
Ar. ¢) Diastereomer ratio=2:1.
Some other radical trapping agents, such as carbon tetrachloride, diphenyl disulphide, and diphenyl

diselenide, were also utilized as the radical terminators instead of 1,4-cyclohexadiene, and chloromethyl 2b,
phenyithiomethyl 2¢, and phenyiselenomethyl 2d derivatives were produced in 75%, 70%, and 69% yields,
respectively (Table 2). By the method using (n-Bu)3SnH and AIBN the cyclized radical intermediate is
captured only with the stannane,!# while this method enables the introduction of various functional groups

into the cyclized radical intermediate A by the use of various radical trapping agents.
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Table 2. Cyclization of 0-2,4-Dinitrophenyloximel in the Presence of Several
Radical Trapping Agents®”

r(Noa A‘(o)_\ o~ ™ e ] A

OQN'-( 7_0“'.” / NaH,VU'UH 3 $ Nr_{r
Radical trappi )
A agent (X-Y) " Ay X-Y A
kr[ 1,4-Dioxane, 50 °C H/I LI/T
Ph . ph Ph
1 A 2
Radical trapping reagent . Product 29
: Time/h .
(X-Y) Y Yield / %
l,4-Cyclohexadieneb) 5 H 91 2a
e b) ~ p— ) ~
CCly 25 Ci 75 2b
PhSSPh® 10 SPh 709 2¢
PhSeSePh® 10 SePh 69° 2d
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of 3. b) 10 molar amounts of reagent were used. ¢) 3 molar amounts of reagent were used.
d) Diastereomer ratio = 2:1. e) 2a was afforded as a by-product in about 10% yield.

a) All the reactions were carried out u.c.ing 10 molar amounts of NaH, an egll_lim_n!ar amount

The cyclization of several y,6-unsaturated ketone 0-2.4-dinitrophenyloximes 4a-i was investigated in
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than the cyclic ketone oxime 1, afforded 2-methyl-5-phenethyl-3,4-dihydropyrrole (Sa) in 80% yield (Entry
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1). As the reactions of either E and Z isomer of the oximes 4a gave Sa in the same yield, the reaction could be
performed by using a mixture of the E and Z isomers.5¢ The cyclization of oximes of yd-unsaturated ketone
having substituted olefinic moieties proceeded smoothly: Each of the substrate with an internal methy! group
4b or with a terminal phenyl group 4c cyclized to give the corresponding cyclic imine Sb or Sc in 72% or
70% yield (Entries 2,3). The reaction of an oxime having two terminal methyl groups 4d produced an 5-
isopropyl dihydropyrrole 8d in 27% yield along with a cyclic imine having a hydroxy group 6 in 55% yield

yialll

(Entry 4). Though the reason of the formation of 6 is still unknown, it is thought that a cyclized radical
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oxidized by sodium 2,4-dinitrophenolate. The reactions of oximes having an electron-withdrawing group
such as cyano group 4e and ethoxycarbonyl group 4f on the olefinic moiety, many products, including
cyclized compounds having sesamol moiety, were generated. As the radicals having electron-withdrawing
group is electrophilic, it is supposed that the cyclized radical intermediate reacts with nucleophilic sesamol 3.
Accordingly, 4e and 4f were treated with NaH and 1,4-cyclohexadiene in 1,4-dioxane at 80 °C in the absence

of sesamol 3. Though the cyclization reaction proceeded slower than that in the co-existence of 3,

that NaH itself has the ability to slowly reduce 0-2,4-dinitrophenyloximes. A bicyclic imine 5g was
synthesized as a single diastereomer from 2-cyclopenteny! ketone oxime 4g in 86% yield (Entry 7). Indole



and isoindole structures were constructed: that is, 2-cyclohexenyl ketone oxime 4h and 2- -vinylcyclohexyl
ketone oxime 4i gave hexahydroindole Sh and hexahydroisoindole 5i in 85% and 72% yields, respectively
(Entries 8,9).

Table 3. Cyclization of several 0-2,4-Dinitrophenyloxime 4

Entry Oxime 4 Product (Yield / %)
h‘loz
Me
S 0N So \
8 V2NNV~
1 N 4a N\ 5a (80)
Ph™ SN Ph
NGO .
= ivie
N Y-0.
7 O2N-_ N 4b NA}MG 5b (72)
%/\v)kv/\ T'// F_,h,AvJL‘,
Me
P ~Ph
30 2NV~ 4c BN 5¢ (70)

| %Nﬂgm Me}’Me V-Me
4 =N Me 4d NN 5d (27) NN 6 55
1

5b) P N de S5e¢ (86)
Dix . o At P~

[ ] ~ CN
NO-
N Oz CO.Et
on-{ o, L
Gb) 1] f ) 5 (82)
Ph N COEL Ph "
NO;
—
. OoN<¢_ 0. i
7 % 4g NN 5g (86)
NO, Ny
oN-L)-o. 2 N~
g w 4h /\):}-/ 5h (85)
Ph Ph H
NG

o Ph/\)'\@ 4i Ph’\)\O 5i (72)

2) Reactions were carried out using 10 molar amounts of NaH, an equimolar amount of 3, and 10 moiar amounts
of 1,4-cyclohexadiene in 1,4-dioxane at 50 °C for 2-5 h. b) Reactions were carried out using 10 molar amounts of
NaH and 10 molar amounts of 1,4-cyclohexadiene in 1,4-dioxane at 80 °C for 24 h. ¢) Diastereomer ratio = 3:1.
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II. Application to the Stereoselective Synthesis of Xenovenine.

Xenovenine ((35,5R,85)-3-heptyl-5-methylpyrrolizidine, 7), which was isolated from the cryptic thief
ant Solenopsis xenovenium, is the first 3,5-dialkylpyrrolizidine derivative from a natural source’ and has
been synthesized in racemic form? and in optically active form.8 As the application of the present cyclization
reaction, we tried the synthesis of (+)-xenovenine 7 according to the following retrosynthetic scheme; tt
steps are the construction of the dihvdropyrrole 8j and the diastereoselective reduction of §i to

pyrrolidine 18 (Scheme 3).
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Scheme 3

The cyclization precusor 4j was prepared as shown in Scheme 4. Reaction of oxalyi chioride and N,O-
dimethylhydroxylamine hydrochioride gave the Weinreb’s amide 8,7 which was transformed to p-ketoamide 9
by treatment with an equimolar amount of heptylmagnesium bromide.!0 After the acetalization of the 8-
ketoamide 9,!! the resulting amide 10 was converted to y,8-unsaturated ketone oxime 12 by the reaction with
1-butenylmagnesium bromide followed by the oximation with hydroxylamine hydrochloride. Finally, the O-
2,4-dinitrophenyloxime 4j was prepared by treatment of the oxime 12 with NaH and 2,4-dinitrochloro-

benzene.!?
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The cyclization of the oxime 4j, the first key reaction, successfully proceeded by treatment with NaH,
sesamol 3, and 1,4-cyclohexadiene in 1,4-dioxane at 50 °C, giving the 3,4-dihydro-2H-pyrrole 5j in 87%
yield (Scheme 5).

VA 60h /M
o_0 NaH,®<_/-0H 3 0_0
n-CHis™ 7 Y ~TY 1,4-Cyclohexadiene n—O;H15/\/\7:>
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02N Me
4j 5j 87%
Scheme §

tion (e.g. DIBAH)!32 of 2,5-disubstituted 3,4-dihydro-
2H-pyrrole gives 2,5-cis-disubstituted pyrrolidines selectively. In contrast, stercoselective reduction to 2,5-
frans isomers remains to be established: the NaBH4 reduction in acetic acid afforded the frans isomer
preferentially, but in only 70:30 ratio.!3b It was found that the dihydropyrrole 5j could be converted to the
2,5-trans pyrrolidine 14 stereoselectively via an enecarbamate 13. That is, 5j was transformed to 13 by
treatment with benzyl chlorocarbonate!4 and successively reduced with NaBH4 in acetic acid to afford a
pyrrolidine 14 as a single stereoisomer in 70% yield from 5j. Deacetalization of 14 gave the known 2,5-trans-
disubstituted pyrrolidine 15 in 85% yield.!> The spectral data of 15 are in good agreement with those of the

frans isomer in the literature.® The final reductive cyclization of 15 was performed according to the literature

ethod by the hydrogenation over Pd/BaSO4 in methanol, providing xenovenine 7 in 80% yield.8¢
/) A M
o. 0O PhCHOCOCI OﬁO OS(O H
>~ EGN X~ NaBH, ST G |
n-CHys™ ™7 > n-CHys” 7 N F n-CHis
N Toluene, -78 °C PhCHXO._N AcOH, rt PhCHO. N
t b b
Me 0 O Me
5j 13 14 70%in 2 steps
0 . s
g i
IMHCI2G. -G Hys h Hg, cat, Pd/BaSO 4 m
THF, 1t PhG"'z’OYN\( MeOH, rt r-‘v'\(
O Me n-CHis  Me
15 85% 7 80%
Scheme 6

III. Summary

In summary, a novel method for the generation of alkylideneaminyl radicals has been developed by
single electron transfer process. The radical species generated from y,é-unsaturated ketone 0-2,4-
dinitrophenyloximes are captured with the olefinic moiety intramolecularly, giving a variety of dihydropyrrole
derivatives. This reaction exhibits the synthetic utility as shown in the synthesis of xenovenine.



General. All melting points are uncorrected. 'H NMR (500 MHz) and !3C NMR (125 MHz) spectra
were recorded on Bruker AMS()O Bruker DRX500, and JEOL o-500 spectrometers with CHCI3 (6=7.24 and

77.0) as an internal standard. spectra were measured with a Horiba FT-300S spectrometer.  High

resolution mass snectra were mr-nrrl:—-d ona IEO IMS_ QY 102 A macc cnectramater nnerating at 7N oV Flach
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column chromatography was performed on silica gel (Merck Silica gel 60) or alumina gel (Wako Activated
Aluminium Oxide) and preparative thin-layer chromatography was carried out using silica gel (Wakogel B-5F)
or alumina gel (Merck Aluminiumoxid 60 PF254+366). Dehydrated 1,4-dioxane was purchased from Kanto
Chemical Co., Inc. and was used as freshly distilled from LiAlH4 under an argon atmosphere, followed by
degassed with argon just before use. NaH was purchased in condition of 1nc1ud1ng liquid parafﬁn from Kanto
Chenucal Co., Inc. and was washed w1th distilled petroleum ether under argon, followed by drying under
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dried over MS 4A. CH2Cl2 was distilled from P20s, then from CaH2, and dried over MS 4A. Toluene was
distilled and dried over MS 4A. N, N-Dimethylformamide (DMF) was distilled under reduced pressure from

CaH2 and dried over MS 4A. Et3N was freshly distilied from CaH2. Other commercially available reagents,

cuich ae T A_methvlanadinvvnhennl 1 d_cvclahevadiana carhan tetrachlaride dinhenvl diculnhide and
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diphenyl diselenide, were used without purification. All reactions were carried out under an argon
atmosphere.

Preparation of yd-unsaturated ketone (-2.4-Dinitrophenvloximes, Experimental proced

for the preparation of 1-(2-cyclohexenyl)-4-phenylbutan- 2-one 0-2.4- dxmtrophenyloxxmc 4 ) e shown

below asa typxcal examplc for the synthesis of xé—unsaturated ketone 0—2 4—d1mtrophenylox1mcs
To a THF U 5 uu) SﬁSﬁﬁSiﬁﬁ of NaH (G 24 g, 10.0 uuuuu and Nal \1 .60 £, 18.7 uuuun) was added a

THF solution (5 ml) of methyl 3-oxo-5-phenylpentanoate (2.06 g, 10.0 mmol) at room temperature. After the

mixture was stirred for 0.5 h at room temperature, a THF solution (5 ml) of 3-bromocyclohexene (1.73 g,

10.7 mmol) was added. After the mixture was stirred for 10 h at room temperature, the reaction mixture was

tralidad with catiiratad annannne NHAC and arganic materiale woers avtrantad with Et90) and dried aver
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MgSOy4. After the solvent was removed in vacuo, the crude materials were solved in EtOH (20 ml). To this
solution was added 10% aqueous NaOH (20 ml) and the reaction mixture was immediately heated to reflux.
After 0.5 h, EtOH was removed in vacuo, and to the reaction mixture was added excess 12 mol dm-3

hvdrochloric acid. Oreanic materials were extracted with Et20 and dried over MeSQys. After the solvent was
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removed in vacuo, the crude materials were purified by flash column chromatography using silica gel
(hexane: AcOEt=49:1) to glvc 1 (2 cyclohexenyl) 4—phenylbutan—2-one (1.68 g 74%)

i-(2-cyciohexenyi)-4-phenyibutan-2-one was converted to the corresponding 0-2,4-dinitrophenyloxime
by the literature procedure.!®
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6, 129.2, 129.2, 133.7, 135.9, 140.
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6-(2,4-Dinitrophenyloxy)imino-8-phenyioct-2-enenitriie (4e) F:Z=i:1; Yeliow needies, mp 117

°C (hexane-benzene); IR (KBr) 2220, 1603, 1525, 1346, 1315, 1273, 879 cm-!; 'H NMR E-isomer: & =

2.51-2.56 (2H, m), 2.67 (2H, t, J = 7.6 Hz), 273 (2H,t, J = 76Hz) 298 (2H,t, J = 78Hz) 5.40 (1H,

d,J=163 Hz) 663 -6.69 (lH ‘m), 7207
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phenyloct 2-enate (4f) E.Z=1:1; Yellow oil; IR (

isomer: 8§ = 124 KQH 2782 (MH A J

F_1 7
AVIEN LLTiSViIVE, U — 1.45 \JX VA Ll \ LD, Y,

)
Hz), 2.97 2H, t, J 4. §(2H, q,.J=72Hz
2

Ethyl 6-(2,4-Dinitrophenyloxy)imino-
1714. 1 1531, 1342, 1267 cor!; 'HN

L7177, 1UUT, LJJ1,

Hz),2.71 CH,t, J=17. 8 Hz), 2.72 (2H t,J=

I Q
~J
lad
~

585 (1H,d, J = 156Hz),692(1H dt, J=78, 15.6 Hz), 7.19-7. 3 ,m), 7.29-7.32 (2H m), 7.72
(iH, d, J = 9.3 Hz), 8.35 (iH, dd, J = 2.7, 9.3 Hz), 8.87 (iH, d, J = 2.7 Hz); Z-isomer: 6= 1.28 (3H, i, J
=72 Hz), 245 (2H,t,J =6.6 Hz), 2.52 (2H, q, J = 6.6 Hz), 2.84 2H,t,J = 7.8 Hz), 293 CH,t,J = .8
Hz), 4.18 (2H, q, J = 7.2 Hz), 5.86 (1H, d, J = 15.7 Hz), 6.93 (1H, dt, J = 6.6, 15.7 Hz), 7.13-7.17 (1H,
m), 7.20-7.27 (4H, m), 7.82 (1H, d, J = 9.4 Hz), 8.37 (1H, dd, J = 2.8, 9.4 Hz), 8.87 (1H, d, J = 2.8 Hz);
13C NMR E-isomer: § = 14.2, 28.3, 29.1, 31.9, 35.9, 60.3, 117.2, 122.0, 122.2, 126.6, 128.2, 128.6
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.50 (4H m), .85- 294 (2H, m) .94- 300(2H,
. (1H, m), 7.24-7.32 (4 , 7.

, Hz); 13C NMR E- xsomer 5=

28.4 1286 129.3, 132.2, 133.1, 1358 1404
.5, 421 1172 122.1, 1264, 1284 128.5, 128.6,

32.
68.9. Found: C, 63.52; H, 5.31; N, 10.46%. Calcd. for

E
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1-(2-Cyclohexenyl)-4-phenylbutan-2-one 0-2.4- Dmntrophenylox:me (4h)
IR (KBr) 1604, 1531, 1473, 1344, 1267 cm!; TH NMR E-i -isomer: §=1.33-143

fp) & | 1 00 9 N0 /M ) GCI\NLOIQI YO0 MHEYT T
i), 1./0-1.07 \4Il, 111}, 1.77-4.U7 \41’1 1), &.OU-4.90 (o111, uu, L. 17 (a1, L, J

= ns

7.8 Hz), 5.52-5.58 (1H, m),57 -5.80 (1H, m), 7.23-7.30 (3H, m), 7.31-7.37 (2H, m), 7.
=27,9 4Hz),889(1H d, J= 27H7) Z-isomer: d=

.81-1.89 (1H, m),200210(2H m), 2.34

2H, ¢ J:?SI.Z),S m
. I1H,d,J=9 4H),843(1Hdd]=2 H
NMRElsomer6 20.8, 25.0, 28.9, 32.0, 33.0, 36.4, 36.5, 1172 122 0,
7, 129.2, 129.6, 140.4, 140.5, 157.5, 1587 Z-isomer: 6 = 21.0, 25.1, 29.0,
, 122.0, 126.4, 128.4, 128.6, 128.7, 129.3, 129.6, 140.1, 140.5, 1575 168.
90; N, 9.96%. Calcd. for C22H23N30s: C, 6454 H, 5.66; N 10, 26%
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vinyicyciohexyl)-i-propanone 0U-2,4- Dinitrophenyioxime (4i) E:Z=2:1; Yellow
10

ANA 18595 1471 1240 17246 ~m-l- 1T NNMB E_icamar S=19278_11212
UUA, 1J4L0, 171, 19U, 140U Uil INWVIRA C-180INCE. 0= 1.45-1.55

68 (1H, m), 1.68-1.76 (1H, m), 1. 76 1.84 (2H, m), 1.84-1.89 (1H, ) 2.45-2.50 (1H,
(1H, m), 2.67-2.73 (1H, m), 2.85-2.99 (3H, m), 4.98-5.03 (2H, m), 5.93-6.0
N T .
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94 Hz), 8.37 (IH, dd, J = 2.7, §4"‘
-1.60 (4H, m), 1.60-1.75 (1H, m), 1.80-1.9
(1H, m), 347353 (1H, m), 4.96-5.04 (1H, m),
(H m), 7.75 (1H, d, J = 9.4 Hz), 8.35 (1H, dd, J =
(lH d J 27Hz) 13CNMRElsomer §=215,247,253, 31.8, 32.1, 32.3, 41.1,
4, 122.0, 126.4, 128.4, 128.5, 129.3, 135.8, 137.9, 1404 140.4, 1578, 171.2; Z-

S
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C, 64.24; H, 5.95; N, 9.92%.
General Procedure fo nthesis of Dih es (Table 2, using 1,4-cyclohexadiene as a
radical trappmg reagent) To a rmxture of NaH (312 6 me, 13 0 mmol) 3 4—methylened10xyphenol (3)(179.8

A /0% ACKY Y 111 A i bhaeai b al Al asmnna SN N YA daitemet s e s AWE Y S
lllg, l DU uuuun) ana \/..) Pl fS N o dllyl“‘f pucuym_yuuuc)tauuuc \D}'U 4,‘0“01[11“0[}”(}11)IUAUUC 1) (V1.4

mg, 1.30 mmol) was added a 1,4-dioxane solution (6.5 ml) of 1,4-cyclohexadiene (0.65 ml) and the mixture
was heated to 50 °C. After 5 h, the reaction mixture was quenched by adding H20 slowly, and organic
materials were extracted with AcOEt, and dried over Na2SO4. After evaporation of the solvent, the crude

nradncte wara nurifiad hy thin_lavar chramatagranhy neing ahimina aal thavane:ArOEr = /1 l\ tna affard
1TUUULLY Wwulio uriiivyg UJ llllll lay\ul \:lllulllaluslaljll] uﬂllls aiuviiiiiia 5\/1 LHVAAQIIV.OAWWI LA — 1) W ailiviu

3,3a,4,5,6,7-hexahydro-2-methyl-5-phenyl-2H-indole (2a) (253.7 mg) in 91% yield.
Spectral Data

3,3a,4,5,6,7-Hexahydro-2-methyl-5-phenyl-2H-indole (2a) Two stereoisomers (2:1 ratio) were
obtained as an inseparable mixture; yellow oil; IR (neat) 1651, 1495, 1450, 754, 700 cm'!; TH NMR § =
0.97-1.04 (0.66H, m), 1.15 (1H, d, J = 6.8 Hz), 1.34 (2H, d, J = 6.7 Hz), 1.35-1.43 (1H, m), 1.62-1.78
(1.66H, m), 2.08-2.13 (1H, m), 2.20-2.28 (1H, m), 2.28-2.39 (1.66H, m), 2.72-2.90 (3H, m), 3.86-3.92
(0.66H, m), 4.17-4.22 (0.33H, m), 7.16-7.21 (3H, m), 7.25-7.30 (2H, m); !3C NMR major isomer: & =



| R S T T D ey [N [ Xo B |
. uunur l\UHlCr 0= LL. l,

1
7.1. HRMS Found;

h)
B3] 1WO stereo-
ned);

yellow oil; IR
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r isomer: & = 136(1
, 2.10-2.17 (1H, m),
ln dd. J =428 10

Ak, B2, S Oy 2

CX)N:,_,
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. 1 =
5-7.3 (2H m); minor isomer: § = 1.40 (iH, q, J =
4-2.3 ( 2

1H, m), 2.39-2.47
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, 2. . ,dd J—Su,uan),Joo(in dd = 4.

H, m) 7.17—7 21 (3H m) 7 25-7.31 (2H, m); 13C NMR major isomer: & = 31.4,
7 8, 71.8, 126.4, 126.7, 128.5, 145.3, 180.2; minor isomer: 6 = 31.3, 32.6, 34.3,
.6, 126.4, 126.7, 128.5, 145.2, 181.3. HRMS Found: m/z 247.1131. Caled. for

1N
1.U

1335,

2

,»3a,4,5,6,7-Hexahydro-5-phenyl-2-phenylthiomethyl-2H -indole (2¢) Two stereoisomers (2:1
i0 re separated by silica gel TLC (stereochermstry was not determined); yellow oil; IR (neat) 1649,

w

T0Q 14/1( ’TAA £OQ a1 11T NIMAD Gl locerrecaze 1797 7117 1. 7 Q£ 17 " L¥_ AA FITT
1=, a2

1446 , 656 ¢im’; ‘i NMR major isomern 6= 1.27 (1H, di, / = 8.6, 13.2 Hz), 1.44 (iH, q.
4Hz). 170(1H qd, J = 4.3, 13.2 Hz), 2.08-2.16 (1H, m), 2.23-2.29 (1H, m), 2.29-2.45 (2H, m),
.8 1 (1H, dd, J = 79137Hz)348(1H dd, J = 5.3, 137Hz)4 05-4 3(1H,m),
21 (411 m), /13 731 (4H, m), 7.35-7.40 (2ZH, m); minor isomer: § = 1.39 (1H, q, J = 12.4 Hz),
74 .05-2.18 (2H, m), 222228 (1H, m), 2.30-2.38 (1H, m),272280(1H m), 2.80-
H m),287(1H dd, J =179, 128H) 89297(1H m), 3.27 (1H, dd, J = 4.7, 12.8 Hz), 4.31-

(4H, m), 7.35-7.40 (2H, m); '3C NMR major isomer: & =
).3, 125.8, 126.3, 126.7, 126.8, 128.5, 128.8, 129.1, 136.6,
4.3, 39.5, 42.1, 43.3, 48.0, 70.4, 125.9, 126.4, 126.7

Tedy Hhid, a6.u, 140.7, 2 &0, 14U./,

9.8. HRMS Found: m/z 321.1550. Caled. for C21H2:3NS M.

W e L Mr—-.\]t\)&,:--"i w

N DD B e
r—tO\(Jl_b

3,3a,4,5,6,7-Hexahydro-5§- -phenyl-2-phenylselen 2
(2 1 ratlo) were separatcd by silica gel TLC (stereochemistry was
1495, 1477, 1444, 739, 698 cm'!; 'H NM |
J= 124 Hz), 1.71 (1H, qd, J = 4.4, 13.
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3,4-Dihydro-2-methy

1217 780 TINN i

-phenethyl-2H-pyrrole (Sa) Yellow oil; IR (neat) 1641, 1602, 1494, 1452,
AD s
1,8 [

e I
~ea- e [J 2 /ALY A4 T — £ 0 LI 1 1 20 1LY enn) NY YN0 r1E
1217, 194y TUU L1 7, 11 5 &2 \JKi, U, J = 0,0 114), l.)U 1.07 I, i), AULLUV \1[‘1, lll},A‘-fl

MR §=1.
(1H, ddd, J = 8.7, 8.7, l Hz), 2.47-2.54 (1H, m), 2.61 (2H, t, J = 7.8 Hz), 2.91 (2H, dt, / = 4.5, 7.8
Hz), 4.01-4.05 (IH m), 7 15-7.20 (3H, m), 7.24-7.28 (2H, m); '3C NMR 6 = 22.0, 30.6, 32.7, 35.3,
37.7, 67.6, 126.0, 128.3, 128.4, 141.4, 176.5. HRMS Found: m/z 187.1343. Calcd. for Ci13H17N M,
187.1361.

3,4-Dihydro-2,2-dimethyl-5-phenethyl-2H-pyrrole (Sb) Yellow oil; IR (neat) 1643, 1454, 1365,
750, 700 cm'!; 'H NMR d = 1.18 (6H, s), 165(2H t,J= 78Hz) 248(2H t, J = 7.8 Hz), 258(2H t,J
= 8.0 Hz), 2.89 (ZH, (, J = 8.0 Hz), 7.16-7.20 (3H, m), 7.24-7.28 (2H, m); 13C NMR & = 28.7, 32.9, 35.3,
36.4, 37.6, 72.3, 1259, 128.3, 128.4, 141.4, 173.8. HRMS Found: m/z 201.1522. Calcd. for C14aH19N

M, 201.1517.

70() cm 1 1H NMR
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CiLY N VLT YW € Wt 7 1CLTUneqron JoJ (1>z>2) ozx10—Q>%oU
13.4 Hz), 2.66 (2H, t, J = 8.2 Hz), 2.97 (2H, t, J = 8.2 Hz), 3.20 (1H, dd, J = 4.9, 13.4 Hz), 4.28-4.36
(1H, m), 7. 20—7 25 (6H, m), 7.28-7.33 (4H, m); 13C NMR & = 27.7, 32.7, 35.3, 37.4, 42.3, 73.4, 126.0,
128.2, 128 3, 128.4, 128.4, 129.4, 1394, 141.4, 177.2. HRMS Found: m/z 263.1680. Calcd. for

Ci19H21N M, 263.1674.

3,4-Dihydro-2-isopropyl-5-phenethyl-2H-pyrrole (5d) Yellow oil; IR (neat) 1643, 1495, 1454,
750, 700 cm'l; 1H NMR«)‘ 0.85(3H,d,J=6.8 Hz) 100(3H d,J=68 HZ) 1.50-1.58 (lH m), 1.85-
1.95 (2H, m), 2.38-2.50 (3H, m), 2.69 (2H, t, J = 8.0 Hz), 2.94 (2H, t, / = 8.0 Hz), 3.80-3.86 (1H, m),
7.18-7.25 (3H, m), 7.28-7.33 (2H, m); 13C NMR §é = 18.0, 19.8, 24.8, 32.9, 35.3, 37.6, 78.3, 126.0,

128.3, 128.4, 141.4, 176.7. HRMS Found: m/z 215.1674. Calcd. for C1sH21N M, 215.1674.

3,4~Dlllydi‘ ~2-(1-h 'drﬁay-l-nlétnylei iyl henethyl-2H -pyrrole (6) Yellow oil; IR (neat)
3390, 1643, 1496, 1456, 1174, 750, 702 co!; 'H NMR 6 = 1.06 (3H, s), 1.29 (3H, ), 1.61-1.69 (1H, m),
1.88-1.96 (1H, m), 2 43-2.52 (1H, m), 2.52-2.60 (1H, m), 2.67-2.77 (2H, m), 2.90-3.03 (2H, m), 3.90-
3.96 (1H, m), 7.19-7.24 (3H, m), 7.28-7.33 (2H, m); !13C NMR 6 = 23.7, 24.5, 27.5, 32.5, 35.0, 38.4,
Z%]B 2115’ 126.1, 128.3, 128.4, 141.1, 179.0. HRMS Found: m/z 231.1606. Calcd. for CisH2INO M,
2 162

2-Cyanomethyl-3,4-dihydro-5-phenethyl-2H-pyrrole (5¢) Yellow oil; IR (neat) 2247, 1495, 1454,
1423, 1311, 1290, 754, 701 cm-!; TH NMR 6 = 1.67-1.75 (1H, m), 2.18-2.26 (1H, m), 2.52-2.60 (1H, m),
2.62-2.77 (5H, m), 2.92-3.02 (2H, m), 4.25-4.31 (1H, m), 7.18-7.24 (3H, m), 7.28-7.33 (2H, m); 13C
NMR d = 24.4, 27.7, 32.5, 35.1, 38.3, 67.9, 117.8, 126.1, 128.2, 128.5, 140.9, 180.1. HRMS Found:
m/z 212.1314. Calcd. for C14HieN2 M, 212.1313.

2-Ethoxycarbonylmethyl-3,4-dihydro-S-phenethyl-2H -pyrrole (5f) Yellow oil; IR (neat) 1734,
1643, 1495, 1373, 1315, 1261, 1182, 1030, 752, 700 cm-!; '"H NMR &= 1.29 (3H, t, J = 7.2 Hz), 1.49-
1.57 (1H, m), 2.12-2.20 (1H, m), 235(IH dd, J = 8.7, 154 Hz), 244260(2H m), 2.66 (2H, t, J = 8.0

A /4TY 33 L L o 1£ 4 1Y ANA AYY N Ty SALY

Hz), 2.82 (1H, dd, J = 5.6, 15.4 Hz), 2.94 (ZH, t, J = 8.0 Hz), 4.18 (2H, q, / = 7.2 Hz), 4.35-4.41 (iH,
m), 7.19.724 (3H. m), 7.28-7.32 (’)H m\ 13C NMR § = 142 28585, 32.6, 35.3 ’27’7 41.0, 60.3, 68 R
oun

AP A3, 333/, &2l &R, D0, Wy 0.0,

1260 128.2, 128.4, 141.2, ]719 177.8. HRMS F —d m/z 259.1592. Caled. for C16H21N02M
259.1572.

(3aR*,6aR*)-3a,6a-Dihydro-2-phenethyl-3H-cyclopenteno[d]pyrrole (5g) Yellow oil; IR (neat)

AR

1645, 1495 1448 1433, 750 700 eml; lH NMR 6 = 1.22-1.30 (2H, m), 142 1.48 (1H, m), 1.62-1.70
(1H, m), 1.71-1.79 (2H, m), 2.15~2.21 (IH, m), 2.55-2.65 (3H, m), 2.70-2.76 (1H, m), 2.84-2.94 (2H,
m), 4.48-4.54 (1H, m), 7.15-7.22 (3H, m), 7.27-7.32 (2H, m); 13C NMR 6§ = 23.9, 32.7, 33.0, 34.7, 34.9,
390, 46.6, 78,9, 1259, 1282, 1283, 1414, 175.7. HRMS Found; m/z 213,1502. Calcd. for Ci5sHi9N

M, 213.1517. The stereochemlstr_y was determined by the differential NOE experiments (H32 and Hé2 8%).

[ R a4 m o o o - rx s—u_ wr i1

(3aR*,7aR*)-3a,4,5,6,7,7a-Hexahydro-2-phenethyl-3H -indole (Sh) Yellow oil; IR (neat) 1631,
1495, 1450, 1431, 750 700 cm!; '"H NMR 6 = 1.04-1.11 (1H, m), 1.16-1.28 (1H, m), 1.33-1.43 (3H m),
1.44-1.52 (lH m) 1.72-1.82 (2H m), 2.15-2.20 (2H, m), 2.40-2.47 (1H, m), 2.60-2.67 (2H, m), 2.84-
296 (ZH m), 3.69-3.75 (1H, m), 7.16-7.23 (3H, m), 7.27-7.32 (2H, m), 13C IETMR §=218, 229, 274,

~o ry o~~~ e -y

9, 32.6, 35.9, 36.8, 44.1, 69.1, 125.9, 128.3, 128.3, 141.3, i77.8. HRMS Found: m/
~rl_ or CisH2IN M, 227.1 16711 The stereochemistry was determined hy the differential NOE

O R (3 S0 2 4 iy Rarzivae

(H32 and H72 8%).

enethyi-iH -isoindoie (5i) Two stereo-
o

ad ac an incenarahla mivtira:
LWL 3 Ul\f‘ i o

isome 1 ratio) were obtained as an inseparable mixture; yellow oil; IR (neat) 1629, 1606, 1495, 1450,
1372, 750, 702 cm-!; 'H NMR 6= 1.20 (2.25H, d, J = 6.7 Hz), 1.21-1.28 (1.50H, m), 1.29 (0.75H, d, J =
7.2 Hz), 1.38-1.50 (2.5H, m), 1.50-1.68 (2H, m), 1.68-1.81 (1.5H, m), 1.90-1.95 (0.5H, m), 2.08-2.16
(0.25H, m), 2.47-2.68 (3.5H, m), 2.85-2.98 (2.25H, m), 3.67-3.73 (0.25H, m), 3.75-3.81 (0.75H, m),
7.17-7.24 (3H, m), 7.26-7.33 (2H, m); 13C NMR major isomer: § = 19.0, 22.6, 23.8, 25.3, 25.6, 32.5,
33.9, 44.6, 48.0, 68.0, 1259, 128.3, 1284 141.8, 180.1; minor isomer: § = 15 4 23 6 24 0 24 4 30 8
32.6, 33.4, 42.0, 49.8, 67.1, 125.9, 128.3, 128.4, 141.8, 180.1. HRMS Found: m/z 241.1860. Calcd. for
C17H23N M, 241.1830.

Synthesis of Xenovenine and its Intermediates



N,N'’-Dimethoxy- N,N'-dimethylsuccmamlde (8). To a CH2Cl2 suspensmn (500 ml) of N,O-
Aimatthulhuvdenvolaomina hodsanhlacid, /22 £0 o AAA 1Y o DaaRT 710N PR,

GHTICIUTY iy GIOX Yi1aiiiine nyaroCiionace (553.0v g, v %% MO1) anda cA3IN (1w mi ) was added &UCClnyl chioride
(23.67 g, 0.153 mol) qlowly at 0 °C (the color of the reaction mixture turned to black). After addition of
succinyl chloride, the reaction was left to warm overnight, and quenched with H20. The organic materials

P S e

were exiracted with CH2Ci2, washed with brine, and dried over MgSO4. After the solvent was removed in

vacug, the crude materials were nurified hv recrystalization from hexane to vield 19 69 ¢ (63%) of the title
WL ARIGAE Ay O R Axlen EiwAGLiv LUy Iw 1L.72. U7 5 \uJ /t/} Ul [llb llub

compound as a brown needles. Mp 75 °C (haxane) IR (KBr) 1653, 1456, 1425, 1390, 1192, 993 cm-!; 1H
NMR 6§ =274 (4H s), 3.15 (6H, s), 3.70 (6H, s); 13C NMR & = 26.4, 32.2, 61.1, 173.5. Found. C,
46.91; H, 7.73; N, 13.46%. Calcd. for CsH16N204: C, 47.05; H, 7.90; N, 13.72%.

N-Methoxy-N-methyl-4-oxoundecanamide (9). n-C7H15MgBr (120.0 mmol) was prepared by
adding n-C7H1sBr (21.50 g 120.0 mmol) to a THF suspension (80 ml) of Mg (2.92 g, 120. 1 mmol) and
stirring the reaction mixture for 1 h under refluxing. To a THF solution (500 mi) of 8 (19.69 g, 96.42 mmol)
was added a THF solution of n-C7H15MgBr by inverse addition at 0 °C. After stirring for 4 h at 0 °C, the
reaction mixture was quenched with saturated aqueous NH4Cl. The organic materials were extracted with
EtzO washed wnh brme and drled over MgSO4 After the solvent was removed 1n vacuo the crude materlals

of the title compound as a colorless oil. IR (KBr) 1714, 1666, 1464, 1442 I4I 5, HR‘% 1004 cm- 1 I'H NMR

8 = 0.83 (3H, t J =67 Hz), 1.17-1.32 (SH m), 1.50-1.58 (2H m) 2.43 (2H J=75 Hz), 2.65-2.72

(4H, m), 3.13 (3H, s), 3.69 (3H, s); 13C NMR = 14.0, 22.5, 23.8, 25.8, 290 29.1, 31.6, 32.2, 36.5,
42.9,61.1, 173.2, 209.5. HRMS Found: m/z 243.1823. Calcd. for Ci3H25NO3 M, 243 1834,

N-Methoxy-N-methyl -4,4-methylenedioxyundecanamide (10). To a toluene solution (100 ml) of

(19 85 g, 67 3 mmol) was added ethylene glycol (8 36 g, 134. 6 mmol) and p-toluenesulfonic acid
m()nOuymatc (100 mg). The mixture was refluxed for 10 h under the chOt“p ¢ conditions uﬁli‘)g a Dean-
Stark condenser, washed with H20 twice, and dried over MgSQO4. After the solvent was removed in vacuo,
the crude materials were purified by flash column chromatography using silica gel (hexane:AcOEt = 19:1) to
yield 12.71 g (55%) of the title compound as a colorless oil. IR (KBr) 1666, 1462, 1421, 1375, 1178, 1143,
1095 cm!; 'H NMR 6= 0.85 (3H, t, J = 6.6 Hz), 1.20-1.40 (10H, m), 1.58 (2H, t, J = 8.0 Hz), 1.96 (2H,
t,J=8.0 Hz), 2.46 (2H, t, J = 7.7 Hz), 3.15 (3H, s), 3.66 (3H, s), 3.90-3.95 (4H, m); '3C NMR § = 140

J11 r.Us

287 2073 Calcd for Cl5H29NO4 M 287 2097

8,8-Methyleneoxypentadec-1-en-5-one (11). 1-Butenylmagnesium bromide (48.2 mmol) was
prepared by adding 1-buteny! bromide (6.50 g, 4.82 mmol) to a THF suspension (30 ml) of Mg (1.20 g, 49.4
mmol) and stirring the reaction mixture for 1 h under refluxing. To a THF solution of 1-butenylmagnesium
hramidae wag addad a THE calitian (1IN N af 18 (1000 o 237 1 mmal) at ) °OC A ftoar ctirring foar A h ar D

UiUILIIUL vWvaAd aQuuviul a 1111 VSRR INLV I \IUU llll[ AV ISy &1 \ IRV AVIV, 5, T s 1 Illlll\ll} at v o e Y A597 ) Dllllllls AIWV/E T i1 &L W7
°C, the reaction mixture was quenched with saturated aqueous NH4Cl. The organic materials were extracted
with Et20, washed with brine, and dried over MgS04. After the solvent was removed in vacuo, the crude

materials were purified by flash column chromatography using silica gel (hexane: AcOEt = 19:1) to yield 6.15
g ( (62%) of the title compound as a colorless oil. IR (KBr) 1714, 1462, 1441, 1415, 1357, 1143, 1089, 1047

VLD 0L AT LINT VORI A8 & DRSS i A a2 TOL, TiJ, 120/ BRELS by

(:m'l 1HNMR6 0.84 3H,t,J = 6.9 Hz), 1.19-1.34 (10H, m) 1.54 (2H, [ J= 76Hz) 1.91 (2H,t J=
7.6 Hz), 2.29 (2H, q, J = 6.6 Hz), 2.43 (2H, t, J = 7.6 Hz), 2.48 (2H, t, J = 7.6 Hz), 3.86-3.90 (4H, m),
4.94 (iH, dd, J = 1.5, 10.2 Hz), 4.99 (iH, dd, J = 1.5, 17.1 Hz), 5.77 (iH, ddt, J = 6.6, 10.2, 17.1 Hz);
I3C NMR s = 14.0, 22.6, 23.8, 27.8, 29.2, 29.8, 30.7, 31.7, 37.2, 37.3, 41.7, 64.9, 64.9, 111.0, 115.1,
137.2, 209.6. Found: C, 72.26; H, 10.84%. Calcd. for C17H3003: C, 72.30; H, 10.71%.

8,8-Methyleneoxypentadec-1-en-5-one Oxime (12). To an aqueous solution (10 ml) of
NH20H+HC! (0.36 g, 5.17 mmol) and AcONa*3H20 (0.71 g, 5.17 mmol) was added a EtOH solution (10
ml) of 11 (1.33 g, 4.32 mmol). After stirring for 6 h at room temperature, the reaction mixture was quenched
with saturated aqueous NaHCO3. The organic materials were extracted with AcOEt, washed with brine, and

L W ) s PG TS T

dried over MgSO4. After the solvent was removed in vacuo, the crude materials (1.32 g, slightly yellow oil)
were used for the next step without purification. E:Z=1:1; IR (KBr) 3395, 1643, 1450, 1140, 1092, 1051,

914 cmr'!; 1TH NMR § = 080-0 88 (3H m), 1.19-1.38 (lOH m), 1.54-1.62 (2H m), 1.78-1.82 (2H, m)
2.20-2.30 (4H, m), 2.35-2.43 (2H, m), 3.86-3.94 (4H, m), 4.94-4.99 (1H, m), 4.99-5.07 (1H, m), 5.75-

8,8-Methyleneoxypentadec-1-en-5-one O-2,4-Dinitrophenyloxime (4j). To a DMF suspension
(5 ml) of NaH (0.12 g, 5.00 mmol) was added a DMF solution (5 ml) of crude 12 (1.32 g, 4.12 mmol).
After stirring for 1 h at room temperature, a DMF solution (5 ml) of 2,4-dinitrochlorobenzene (1.01 g, 5.00



mmol) was added to the reaction mixture, and followed by additional surrmg overnight. After the reaction
mixture was quenched with saturated aqueous NH4Cl, the organic materials were exiracted with AcOEt,
washed with brine, and dried over MgSO4. After the solvent was removed in vacuo, the crude materials were
punﬁed by flash column chromatography using silica gel (hexane:AcOEt = 19:1) to yield 1.29 g (62% in two

steps from 11) of the titie compound as a yeilow oil. E:Z=i:1; E-isomer : Yellow oil; IR (KBr) 1606, 1533,

IA’H IQAA l’AlR l’)A’I nm Q22 nm" 1 NMMR S§=086(3H t J =69 Hz) 120-140 (10H 1 &£1
Lo Lot L1 IVNIVAEN W OAJEE, Ly I J.7 114 ), SAUTLLY VI, ul}, 1.U1

(2H, t J= SOHZ) 1.95 (ZH, t J=8.0 Hz) 2.35 (2H, q,J = 7.5 Hz), 2.46 (2H, t, J = 7.5 Hz), 2.65 (2H,
t, J = 7.5 Hz), 3.91-3.98 (4H, m), 5.01 (1H, dd, J = 1.5, 10.1 Hz), 5.08 (1H, dd, J = 1.5, 17.0 Hz), 5.82
(1H, ddt, J = 6.7, 10.1, 17.0 Hz), 7.91 (1H, d, J = 9.4 Hz), 8.39 (1H, dd, J = 2.7, 9.4 Hz), 8.86 (1H, d, J

—’)’7“7\ 13C NMR 5 = 140 ’)’)R ’)30 ’)QQ ’)0’) 208 2082 N0 QIQ 228 3732 65.1. 651
»

i LiLy ~oavivaas O = 1TV, L4, LT.0, &7.0, JU.J, I O, I I, UJ.1,

110.9, 1161 117.2, 122.0, 129.3, 1360 136.4, 1405 1575 1699 Found C 5959 H, 763; N,
9.01%. Calcd. for C23H33N307: C, 59. 60, H, 7.18; N, 9.07%. Z-isomer : Yellow oil; IR (KBr) 1604,

1533, 1473, 1344, 1313, 1279, 1140, 922 cm-1; 1H NMR §=0.85 (3H, t, J = 7.0 Hz), 1.20-1.40 (10H, m),

-

1.62 (2H, t, J = 8.0 Hz), 1.90 (2H, ¢, J = 8.0 Hz), 2.39 (2H, q, J = 7.0 Hz), 2.50 (2H, t, J = 8.0 Hz), 2.62
(2H, t, J = 8.0 Hz), 3.93-3.97 (4H, m), 5.04 (1H, dd, J = 1.5, 10.2 Hz), 5.09 (1H, dd, J = 1.5, 17.1 Hz),
5.83 (1H, ddt, J = 6.5, 10.2, 17.1 Hz), 7 9 (IH, d, J =94 Hz), 8.38 (1H, dd, J = 2.7, 9.4 Hz), 8.84 (1H,
d, J = 2.7 Hz); 13C NMR 6 = 14.0, 22. 6 23.8, 24.8, 29.2, 29.7, 29.8, 3i.8, 32.7, 33.5, 37.2, 65 i, 65.1,
1109, 1159, 117.3, 122.0, 129.2, 136.0, 136.6, 140.5, 157.5, 169.7. Found: C, 59.63; H, 7.31; N,
9.01%. Calcd. for C23H33N307: C, 59.60; H, 7.18; N, 9.07%.

3,4-Dihydro-2Z-meihyi-5-(3,3-methyienedioxydecyi)-24 -pyrroie (5j). To a mixiure of NaH
(102.9 mg, 4.29 mmol) 3,4-methylenedioxyphenol (3) (59.2 mg, 0.429 mmol), and 4j (209.0 mg, 0.429
mmol) was added a 1,4-dioxane solution (4 ml) of 1,4-cyclohexadiene (0.1 ml) and the mlxture was heated to

C

v trnamtad +h Anl’\[:r anAd Ariad ~vvar NaaQMNa Afear tha calyvyant trac ramavyard wamy tha Ameda mrntarials
Xiraciea wn.u LAWUULOL, AU W ITAU UYL LYaZousg., AICT UiC SO1VENt was reimovea 1u va\,uu, l.llC Crude iniateriais

were purified by thin-layer chromatography using alumina gel (hexane:AcOEt = 4:1) to yield 113.7 mg (87%)
of the title compound as a yellow oil. IR (neat) 1643, 1456, 1323, 1136, 1092, 1047 cm’!; 'H NMR 6= 0.85
(3H,t,J = 6.9 Hz), 1.20 (3H, d, J = 6.8 Hz), 1.20-1.30 (8H, m), 1.30-1.38 (3H, m), 1.55-1.60 (2H, m),
1.88 194 (2H, m), 2.01-2.08 (1H, m), 2.33-2.38 (2H, m), 2.38-2.45 (1H, m), 2.47-2.55 (1H, m), 3.87-
3.92 (4H, m), 3.95-4.02 (1H, m); I3C NMR 6 = 14.0, 22.0, 22.6, 23.8, 28.1, 29.2, 29.9, 30.6, 31.8, 33.5,

37.5, 37.6, 65.0, 65.1, 676 111. 3 176.7. HRMS Found: m/z 182.1196. Calcd. for C17H31NO2-C7H15
M-C7His, 182.1181. HRMS Found: m/z 282.2434. Caled. for C17H31NO2+H M+H, 282.2433.

o) A-
50 °C. After 5 h, the reaction mixture was quenched by adding H20 slowly, and the organic materials were

N-Benzyloxycarbonyl-2,3-dihydro-2-methyl-5-(3,3-methylenedioxydecyl)pyrrole (13). To a
toluene (4 ml) solution of §j (295.0 mg, 0.966 mmol) and Et3N (0.5 ml) was added a 30% toluene solution (1
ml) of benzyloxycarbonyl chloride at -78 °C. The reaction mixture was warmed to room temperature for 2 h,

and ctirrad avarnioht A calt af triethvlamine hvdrachlaride wac nrecinitated by dilutinoe with EHO (100 mD
AL SLIILAL UV gl 13 ddul Ul wiltulylaiiuiie ijulv\duvljuv YWAS PIVVIPILGWLAS Uy WIIMLILE VWAL ALAXs \ 1V Lill ),

removed by filteration. After the solvent was removed in vacuo, the crude materials (433.5 mg, yellow oil)
were used for the next step without purification. IR (neat) 1712, 1456, 1404, 1346, 1317, 1288, 1136, 758,

700 cm!; TH NMR 6 = 1.14-1.19 (3H, m), 120138(10H m), 1.48-1.54 (0.5H, m), 1.54-1.64 (2H, m),
1.69-1.77 (0.5H. m). 1.78-1.86 (0.5H. m). 1.86-1.96 (1H m), 2.28-2.36 (1H, m), 2.50-2.62 (2H, m)

\WVed &Ry 188y 2.0 0T1.0U \V.Jii, 1i2], \4i4xy iki7 D T N L AXy piR) VT Uk \ iRy ki),

2.67-2.74 (0.5H m), 3.80-3.95 (4H, m), 4.25-4.33 (0.5H, m), 4.33-4.39 (0.5H, m), 4.71 (0.5H, bs), 5.10-
5.19 (4H, m), 5.95 (0.5H, bs), 7.27-7.38 (5H, m).

(25*,5R*)-N-Benzyloxycarbonyl-5-methyl-2-(3,3-methylenedioxydecyl)pyrrolidine (14).
Crude 13 (433.5 mg) was stirred in AcOH (5 ml) at room temperature. NaBH4 (110.0 mg, 2.898 mmol) was
added in small pomom and the mixture was stirred overmght The mixture was hydrolyzed with H20,
saturated with K2CO3. The organic materials were extracted with AcOEt, and dried over MgS04. Afier the
solvent was removed in vacuo, the crude materials were purified by thin-layer chromatography using silica gel
(hexane:AcOEt =4:1) to yield 298.6 mg (70% in two steps from §j) of the title compound as a colorless oil.

IR (neat) 1701, 1458, 1406, 1350, 1309, 1093 cm!; TH NMR § = 090 (3H,t, J = 6.9 Hz), 1.20-1.45 (13H

m), 1.50-1.72 (6H, m), 1.81-1.98 (ZH, m), 1. 35-2 10 (2ZH, m), 3.79-4.16 (6H, m), 5.08-5.21 (2H, m),
7.27-7.39 (3H, m); 13C NMR § =140, 21.7, 22.0, 22.6, 23.7, 29.2, 29.5, 29.6, 98 31.7, 31.8, 33.6,
37.1, 53.4, 53.8, 57.3, 57.7, 64.8, 648 664 111.5, 127.7, 127.8, 128.3, 137.1, 155.2. Found: C,

3,
71.93; H, 9.56; N, 3.24%. Calcd. for C2sH39NOa: C, 71.91; H, 9.41; N, 3.35%.

-

(28*,5R*)-N-Benzyloxycarbon I 5-methyl-2- (3-oxodecyl)pyrrolidine (15). To a THF

AL YRR SR AR2E LS Y

solutlon &) ml) of 14 ( 108 1 mg, 0. 245 mmol) was added 1 mol dm- ‘ hydrochloric acid (5 ml). After stirring
for 1 h at room temperature, the mixture was saturated with K2CO3. The organic materials were extracted
with AcOEt, and dried over MgSQO4. The solvent was removed in vacuo to yield 82.8 mg (85%) of the title
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compound as a coloriess oil. IR (neat) 1699, 1456, 1406, 1352, 1302, 1097, 698 cmm''; TH NMR 6 = 0.85
(3H,t,J =69 Hz), 1.14-1.30 (13H, m), 1.40-1.70 (4H, m), 1.80-1.92 (I1H, m), 1.92- 2.05 (1H, m), 2.20-
2.45 (4H, m), 3.80-3.95 (2H, m), 5.04-5.13 (2H, m), 7.24-7.34 (5H, m); 13C NMR § = 13.9, 21.0, 22.5,
23.7, 27.4, 27.6, 28.9, 29.1, 29.2, 29.8, 31.2, 31.7, 39.6, 42.6, 53.5, 53.7, 57.3, 57.5, 66.5, 127.8,
128.3, 128.4, 137.0, i55.2, 210.7. The spectrai data of 15 were in good agreement with those of the

(35*,5R*,85*)-3-Heptyl-5-methylpyrrolizidine (Xenovenine, 7). 15 (93.1 mg, 0.234 mmol) in
MeOH (2 ml) was hydrogenated at atmospheric pressure over Pd-BaSO4 (10 mg). After stirring overnight at
room temperature, the solution was filtered and the solvent removed in vacuo. The crude materials were
purified by thin-layer chromatography using alumina gel (hexane: AcOEt = 9:1) to yield 41.8 mg (80%) of the
title compound as a colorless oil. IR (neat) 1460, 1375 cm'!; 'H NMR 6 = 0.84 (3H t,J =69 H7), 1.07
(3H, d, J = 6.3 Hz), 1.15-1.30 (11H, m), 1.30-1.53 (5H, m), 1.85-1.87 (4H, m), 2.58 {iH, ddi, J = 6.6,
6.6, 6.6 Hz), 2.73 (1H, ddq, J = 6.2, 6.2, 6.2, 6.2 Hz), 3.56 (1H, dddd, J = 6.9, 6.9, 6.9, 6.9 Hz); 13C
NMR 6 = 14.1, 21.3, 22.6, 27.2, 29.3, 29.8, 31.5, 31.8, 31.9, 32.3, 34.3, 37.3, 61.9, 65.1, 66.9. HRMS
Found: m/z 222.2238. Calcd. for Ci15sH2oN-H M-H, 222,2222, HRMS Found: m/z 223.2264. Calcd. for

= x A~

Ci15sH29N M, 223.2300. The spectrai data of 7 were in good agreement with those of the literature.”-8
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