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Linear hydroformylation of N-protected allyl- or homo-
allylamines (cyclohydrocarbonylation: CHC), followed
by a reductive amination constitute the two key steps to-
ward convenient routes to aza-heterocycles.

The development of new and efficient strategies for the
construction of aza-heterocycles remains an active field in
organic synthesis."> Among them the intramolecular reductive
amination is a frequently used tactic.2™* For instance, the
linear hydroformylation of an amino-alkene provides a term-
inal aldehyde that may cyclize to an imine (or an iminium ion),
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which is further converted to an aza-heterocycle.> > More-
over, a protocol for hydroformylation under microwave di-
electric heating has been recently described® using commer-
cial devices.®’

Herein we describe a general strategy based on the linear
hydroformylation of allyl- and homoallylamines for the
syntheses of different alkaloids encompassing the piperidine
ring system. Indeed a well-balanced use of hydroformylation
and hydrogenation allows the controlled assembly of differ-
ent substituted heterocycles simplifying their syntheses, re-
moving the need for functional group protection and
reducing the number of steps.® The versatility of our strategy
is demonstrated herein by expeditious syntheses of piperi-
dines such as (4)-coniine (13), (+)-anabasine (14), (%)-
dihydropinidine (17), and quinolizidines such as 20, 21, 25
or (+)-alkaloid 9-epi-195C (24) based on the transformation
of homoallylamines 6, 7, and 8, and (+)-tetraponerine T-3
obtained from allylamine 32.

As the terminal double bond of a homoallylamine can be
converted to a linear aldehyde by hydroformylation, a conve-
nient method for the preparation of homoallylamine is desirable
(Figure 1). From the methods available for the preparation of
homoallylamines,” we decided to apply a multicomponent
reaction based on the aza-Sakurai—Hosomi reaction (aSH).'°
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FIGURE 1. General retrosynthetic pathway for piperidines.

In the past, we have reported that the aSH reaction of 1,2-
or of 1,3-O-protected hydroxy aldehydes provided respec-
tively syn 1,2- or anti 1,3- diastereoselectivity.'! Recently our
group proposed concise syntheses of (+)-allo-sedamine and
()-allo-lobeline combining the hydroformylation and the
aSH reactions.'?
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SCHEME 1. Aza-Sakurai—Hosomi Hydroformylation
Sequence”
N~ I ™S
i cHoL AR F 6, R' = nPr, 90%
: or g 4 RYOSNH 7. R'=2-pyridyl, 50%
N CHog CbzsNHz Cpz 8 R'=Me, 94%
E I N i bin THF l \b\m MeOH
ST
! or 1 |
: J\ i RSN OMe
N RN Cbz
: ; . Lz 11, R" = nPr, 84%
5 )\o)\ : 9, R" = nPr, 84% 12,R" = Me, 87%
: 3 ' 10, R" = 2-pyridyl, 81%

“Reagents and conditions: (a) BF5-Et,0, 0 °C, CH,Cl,, 2 h; (b) Rh-
(CO),(acac) (0.5 mol %), BiPhePhos (1 mol %), H,/CO (1:1) 5 bar,
solvent, 65 °C, 12 h (in THF:PPTS (2.5 mol %)).

Our first effort toward (£)-coniine (13) and (+)-anabasine
(14) was to secure the syntheses of the protected homoally-
lamines using the aSH reaction from the corresponding
aldehydes as electrophiles (Scheme 1).

Allyltrimethylsilane (4) and benzylcarbamate (5) were
selected as the nucleophilic partners and BF;-Et,O as the
Lewis acid. With use of butyraldehyde (1), the reaction
proceeded smoothly to give the desired protected homoally-
lamine 6, whereas with pyridine-3-carboxaldehyde (2) as the
substrate, the reaction was sluggish, and 7 was obtained in
moderate yield. Homoallylamines 6 and 7 were submitted to
cyclohydrocarbonylation (CHC) reaction in THF with the
biphephos'?/rhodium(I) catalytic system (5 bar, H,/CO
(1:1)) in an autoclave (60 °C, 12 h).*¢ The hydroformylation
proceeded in the presence of pyridinium p-toluenesulpho-
nate (PPTS) with a very good catalyst-based regiocontrol as
shown by the clean formation of enamides 9 and 10 in ex-
cellent yields (84% and 81%, respectively).

Enamides 9 and 10 originate from a cyclohydro-carbony-
lation: homoallylamines 6 or 7 were transformed by hydro-
formylation to the corresponding linear aldehydes which
subsequently produced the six-membered enamides in the
presence of PPTS. After optimization, the amount of catalyst
and ligand could be reduced to respectively 0.5 and 1 mol %,
demonstrating the efficiency of the Rh-based hydroformyla-
tion reaction. Enamides 9 and 10 were submitted to a
catalytic hydrogenation employing Pearlman’s catalyst
(Scheme 2). A clean tandem piperidine deprotection/double
bond reduction took place to form (£)-coniine (13) (64%
overall for three steps) and (+)-anabasine (14) (34% overall
for three steps).'

(13) (a) Billig, E.; Abatjoglou, A. G.; Bryant, D. R. U.S. Patents
4,668,651, 1987, and 4,769,498, 1988. (b) Cuny, G. D.; Buchwald, S. L.
J. Am. Chem. Soc. 1993, 115, 2066.

(14) For recent synthesis of coniine, see: (a) Nomura, H.; Richards, C.J.
Org. Lett. 2009, 11, 2892. (b) Hande, S. M.; Kawai, N.; Uenishi, J. J. Org.
Chem. 2009, 74, 244. (c) Fustero, S.; Jiménez, D.; Moscardo, J.; Catalan, S.;
del Pozo, C. Org. Lett. 2007, 9, 5283. (d) Sattely, E. S.; Cortez, G. A
Moebius, D. C.; Schrock, R. R.; Hoveyda, A. H. J. Am. Chem. Soc. 2005,
127, 8526. (¢) Hong, S.; Kawaoka, A. M.; Marks, T. J. J. Am. Chem. Soc.
2003, 125, 15878. (f) Amat, M.; Llor, N.; Hidalgo, J.; Escolano, C.; Bosch, J.
J. Org. Chem. 2003, 68, 1819. (g) Hunt, J. C. A.; Laurent, P.; Moody, C. J.
Chem. Commun. 2000, 1771. (h) Wilkinson, T.J.; Stehle, N. W.; Beak, P. Org.
Lett. 2000, 2, 155. For recent synthesis of anabasine, see: (i) Larivée, A.;
Mousseau, J. J.; Charette, A. D. J. Am. Chem. Soc. 2008, 130, 52. (j) Coldham, ;
Leonori, D. Org. Lett. 2008, 10, 3923. (k) Jurcik, V.; Arai, K.; Salter, M. M.;
Tamashita, Y.; Kobayashi, S. Adv. Synth. Catal. 2008, 350, 647.
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SCHEME 2. Synthesis of (£)-Coniine 13 and
(£)-Anabasine 14“

e )

9 R'= nPr ()-coniine 13 (85%) (#)- anabasme 14 (83%)
10, R" = 2-pyridyl

“Reagents and conditions: H, 5 bar, PA(OH),/C (10%), MeOH, rt,
24 h.

Next cis-2,6-disubstituted alkaloid (4)-dihydropinidine'?
(17) was selected as a target. To further functionalize the
piperidine ring, we took advantage of the possibility to carry
out the CHC reaction in a protic solvent.>® Indeed, using
methanol (Scheme 1), homoallylamine 6 was tranformed
into hemiaminal 11 (84% yield). Thus, the aSH reaction was
repeated with paraldehyde 3 and the expected homoallyla-
mine 8 was obtained in very good yield (94%). From 8, CHC
in methanol gave 12 in 87% yield, confirming the versatility
of the intramolecular CHC reaction in different solvents.

The reaction of aminals 11 and 12 with allyltrimethylsilane
(4) in the presence of BF;:-Et,O gave rise to a highly dia-
stereoselective transformation, via the corresponding tran-
sient N-acyliminium ions, yielding the cis-2,6-disubstituted
piperidines 15 and 16 (only one diastereomer was observed,
400 MHz "H NMR) in 56% and 58% yields, respectively
(Scheme 3).'® Unfortunately, screening of different condi-
tions (temperature, nature, or amount of Lewis acid) did not
improve the yields. The cis relationship of the two products
15 and 16 was secured observing a positive NOE between
hydrogens at C-2 and C-6."%°

To complete the synthesis of (-)-dihydropinidine (17), the
tandem piperidine deprotection/double bond reduction was
performed on disubstituted piperidine 15 to give (£)-dihy-
dropinidine (17) (34% overall yield over four steps).

Piperidines 15 and 16 were homologated to the correpond-
ing linear aldehydes 18 (85%) and 19 (79%) by hydroformy-
lation under standard conditions. Then aldehydes 18 and 19
were submitted to the deprotection/reductive amination
sequence to give the racemic quinolizidines 20 and 21,
respectively, in 32% overall yield from butyraldehyde and
34% overall yield from paraldehyde. Cross-metathesis of 15
and 16 with methyl vinyl ketone'” gave a,B-unsaturated

(15) (a) Attygalle, A. B.; Xu, S.-C.; McCormick, K. D.; Meinwald, J.;
Blankespoor, C. L.; Eisner, T. Tetrahedron 1993, 49, 9333. For recent
synthesis of dihydropinidine, see: (b) Quinet, C.; Ates, A.; Marko, I. E.
Tetrahedron Lett. 2008, 49, 5032. (c¢) Gonzalez-Gomez, J. C.; Foubelo, F.;
Yus, M. Synlett 2008, 18, 2777. (d) Pattenden, L. C.; Wybrow, R. A. J;
Smith, S. A.; Harrity, J. P. A. Org. Lett. 2006, 8, 3089. (e) Eriksson, C.;
Sjodin, K.; Schlyter, F.; Hogberg, H.-E. Tetrahedron: Asymmetry 2006, 17,
1074. (f) Roa, L. F.; Gnecco, D.; Galindo, A.; Teran, J. L. Tetrahedron:
Asymmetry 2004, 15, 3393. (g) Girard, N.; Gautier, C.; Malassene, R.;
Hurvois, J.-P.; Moinet, C.; Toupet, L. Synlett 2004, 11, 2005. (h) Wang,
X.; Dong, Y.; Sun, J.; Xu, X.; Li, R.; Hu, Y. J. Org. Chem. 2005, 70, 1897.
(i) Shu, C.; Liebeskind, L. S. J. Am. Chem. Soc. 2003, 125, 2878.

(16) (a) Wijdeven, M. A.; Botman, P. N. M.; Wijtmans, R.; Schoemaker,
H. E.; Rutjes, F. P. J. T.; Blaauw, R. H. Org. Lett. 2005, 7, 4005. (b) Neipp,
C. E.; Martin, S. F. J. Org. Chem. 2003, 68, 8367. (c) Tanaka, H.; Sakagami,
H.; Ogasawara, K. Tetrahedron Lett. 2002, 43, 93. For reviews on
N-acyliminium ion chemistry, see: (d) Speckamp, W. N.; Moolenaar, M. J.
Tetrahedron 2000, 56, 3817. (¢) Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.;
Turchi, I. J.; Maryanoff, C. A. Chem. Rev. 2004, 104, 1431.

(17) (a) Lesma, G.; Danieli, B.; Sacchetti, A.; Silvani, A. J. Org. Chem.
2006, 71, 3317. For reviews on olefin metathesis, see: (b) Connon, S. J.;
Blechert, S. Angew. Chem., Int. Ed. 2003, 42, 1900. (c) Fiirstner, A. Angew.
Chem., Int. Ed. 2000, 39, 3012.
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SCHEME 3. Synthesis of (4-)-Dihydropinidine and
Quinolizidines”
R1 IT‘ J5\/j\/\ )\/Hj\/\
Cbz Cbz L EbDnoe (+)-dihydropinidine
11 15, R" = nPr, 56% 17, 71%
12 16, R" = Me, 58%
c \f
Il/\/\ fl/\/?j\
RN o0 RN X

18, R" = nPr, 85%
19, R1 Me 79% 23, R’ ‘Me, 86%

20, R" =nPr, 88% 24, R" = nPr, 80%
21, R" = Me, 90% 25 R'=Me, 83%

“Reagents and conditions: (a) 4, BF;-Et,0, 0 °C, CH,Cl,; (b) H, 5
bar, Pd(OH),/C (10%), MeOH, rt, 24 h; (c) Rh(CO),(acac) (0.8 mol %),
BiPhePhos (1.6 mol %), H,/CO (1:1) § bar, solvent, 60 °C, 12 h;
(d) Grubbs II (3 mol %), methyl vinyl ketone, CH,Cl,, 12 h, reflux.

ketones 22 (R = nPr, 80%) and 23 (R = Me, 86%) as pre-
dominantly the E-isomers.

Interestingly, the following one-pot piperidine deprotec-
tion/double bond reduction/reductive amination yielded, as
single diastereomers, the desired disubstituted quinolizidines
24 (80%) and 25 (83%).

Again, the relative stereochemistry was determined by
NOE experiments and was also confirmed by comparison
with reported data.'® In this CHC reaction driven sequence,
two quinolizidines, alkaloid (4)-9-epi-195C (24) and dimethyl
quinolizidine 25, were obtained in five steps in 27% and 34%
overall yields starting from butyraldehyde and paraldehyde,
respectively.

With an established route to bicyclic piperidines we set out
to synthesize (+4)-tetraponerine T-3 (33) using a related
approach.' Disconnection of the carbon—nitrogen bonds
at C-11a reveals aldehyde diamine A (Figure 2). The carbon
atom C-lla can be introduced via hydroformylation of
allylamine B, with the concomitant formation of a fused
ring system by reductive CHC reaction on the two nitrogen
atoms N-4 and N-11. In turn allylamine B could be obtained
from homopipecolic alcohol 26, available in enantiomeri-
cally pure form.

Thus, (R)-piperidine ethanol (26) was oxidized to (R)-pipe-
colic acid (27), N-protected, and transformed into the Weinreb
amide 28, which on treatment with propylmagnesium chloride

22, R"=nPr, 80%

(18) by comparison with the compounds frans-2a and cis-2a in: Diaz-
Gavilan, M.; Galloway, W. R.J. D.; O’Connell, K. M. G.; Hodkingson, J. T_;
Spring, D. R. Chem. Commun. 2010, 46, 776.

(19) (a) Rouchaud, A.; Brackman, J. C. Eur. J. Org. Chem. 2009, 2666.
(b) Charette, A. B.; Mathieu, S.; Martel, J. Org. Lett. 2005, 7, 5401. (c) Kim,
J. T.; Butt, J.; Gevorgyan, V. J. Org. Chem. 2004, 69, 5638. (d) Kim, J. T.;
Gevorgydn V Org. Lett. 2002, 4, 4697. (e) Stragies, R.; Blechert, S. J Am
Chem. Soc. 2000, 122, 9584. (f) Takahata, H.; Kubota, M ; Ikota, N. J. Org.
Chem. 1999, 64, 8594. (g) Yue, C.; Gauthler 1.; Royer, J Husson, H.-P.
J. Org. Chem. 1996, 61,4949. (h) Devijver, C.; Macours, P Braekman, J.-C.;
Daloze, D.; Pasteels, J. M. Tetrahedron 1995, 51, 10913. (i) Barluenga, J.;
Tomas, M.; Kouznetsov, V.; Rubio, E. J. Org. Chem. 1994, 59, 3699.
(j) Merlin, P.; Brackman, J. C.; Daloze, D. Tetrahedron 1991, 47, 3805.
(k) Jones, T. H. Tetrahedron Lett. 1990, 31, 4543.

(20) De Luca, L.; Giacomelli, G.; Taddei, M. J. Org. Chem. 2001, 66,
2534.

8672 J. Org. Chem. Vol. 75, No. 24, 2010

Airiau et al.

O, O, O
5t e k= 0, =

10 " 6

11 0. ' '
a L %R U HNT 7R HHOJ
\Z_J3 NG,

Tetraponerine A B 26

FIGURE 2. Retrosynthesis of tetraponerine.

SCHEME 4. (+)-Tetraponerine T-3 Synthesis”

RGO NEROK

80% Cpz | 86% Cbz/k 73% Sz
HO™ 0 nPr” OH
27 C|:28,R NMe(OMe) 30
29, R = nPr (75%)

60% _ ) 63% M J 80% J
0=$. HN™ “nPr N~ “nPr
O/ (6] nPr \)

31 X 32 33

“Reagents and conditions: (a) (i) CrO;/H,SO,, H,0; (ii) BnOCOCI,
THF, NaOH (10%), rt; (b) DMTMM, MeNHOMe; (c) nPrMgCl, THF,
0 °C; (d) LiAIH(O#-Bu);, THF, 0 °C, 24 h; (e) (i) H, 1 bar, Pd(OH),/C,
MeOH, rt, 12 h; (ii)) SOCl,, Et3N, imidazole, RuCl;, NalO,, H,O0,
MeCN, 0 °C, 6 h; (f) AllyINH,, #W, 100 °C, 12 h; (g) RhCI(CO)(PPhs;),
(2 mol %), xanthphos (8 mol %), H,/CO (1:1) 7 bar, THF, uW, 110 °C,
1 h. DMTMM = 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmor-
pholinium chloride.

in THF at 0 °C gave ketone 29 (Scheme 4).%° Stereocontrolled
reduction of the carbonyl was then achieved with LiAIH(O7Bu);
in THE. As anticipated, this reduction proceeded with high
diastereoselctivity (> 8:1 as determined in the '"H NMR spec-
trum of the crude reaction mixture).”' Compound 30 was
isolated as a single isomer after column chromatography
(73% yield).

To minimize unproductive protecting group manipulation
the cyclic sulfamidate 31 was obtained by using the following
chemistry: 30 was deprotected by hydrogenolysis and reacted
with SOCI, followed by RuCls;-mediated oxidation with
NalO,.?> Then under microwave irradiations with a large
excess of allylamine, the six-membered cyclic sulfamidate 31
was transformed to the allylamine 32,?* which was submitted
to the hydroformylation reaction. Again, the reductive ver-
sion of the CHC reaction could be realized with RhCI(CO)-
(PPhj), catalyst and Xantphos.

The reaction provided a single compound (GC mass
analysis) that matched the reported spectroscopic and optical
features of (+)-tetraponerine T-3 (33), prepared from homo-
pipecolic alcohol (26) in eight steps in 14% overall yield.

Rh(I)-catalyzed CHC of alkenylamines proved to be an
expeditive method for the preparation of six-membered aza-
heterocycles. The synthetic sequence encompasses a aSH
reaction, followed by CHC, and final hydrogenolysis for a
convenient access to (£)-coniine (13) (3 steps, 64%), (£)-
anabasine (14) (3 steps, 34%), and (£)-dihydropinidine (17)

(21) Mill, S.; Durant, A.; Hootelé, C. Liebigs Ann. 1996, 2083.

(22) Meléndez, R. E.; Lubell, W. D. Tetrahedron 2003, 59, 2581.

(23) After 4 h of conventional heating at 100°C (oil bath), a small amount
of 32 was formed, while most of the starting material decomposed. For
nucleophilic opening of cyclic sulfamidate see: Meléndez, R. E.; Lubell,
W. D. Tetrahedron 2003, 59, 2581.
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(4 steps, 34%); if the piperidine rings are decorated with an
allylic side chain, the sequence was applicable to the synthesis
of quinolizidines such as (£)-9-epi-195C (24) (5 steps, 27%).
Following a related approach the CHC ring closing provided
a synthesis of (+)-tetraponerine T-3 (8 steps, 14%). Previous
asymmetric synthesis of Tetraponerine T-3 were accomplished
in more than 8§ steps including chromatographic separations of
diastereomers.'*® Our group is currently exploring further
applications of the hydroformylation in the synthesis of bio-
logically active heterocycles.

Experimental Section

General Procedure for Aza-Sakurai—Hosomi. In a dry flask
under argon was introduced aldehyde (1, 2, or 3) in CH-Cl,
(to reach a concentration of 0.4 M) and the solution was cooled
at 0 °C by means of an ice bath. Benzylcarbamate 5 (1 equiv) and
allyltrimethylsilane 4 (1 equiv) were added. BF5 - Et,O (1 equiv; 2
equiv for 2) was added dropwise and the solution was stirred for
2hat0°C and allowed to warm to room temperature for 30 min.
Na,COj5 solution was added and the aqueous layer was ex-
tracted with CH,Cl, (3 times). The organic layer was dried over
Na,SOy,, filtered, and concentrated under reduced pressure. The
residue was purified by flash chromatography to yield the
desired homoallylamine.

Benzyl hept-1-en-4-ylcarbamate (6): yield 90%; white solid; R,

0.33 (90:10 pentane/Et,0); mp 38—40 °C; IR (film) 3300, 2952,
1686, 1541, 1264, 1234, 1020, 745, 696 cm™'; "H NMR (CDCls,
400 MHz) 6 7.37—7.30 (m, 5H), 5.78 (ddt, J = 17.8,9.3, 6.9 Hz,
1H), 5.10—5.05 (m, 4H), 4.55 (br d, J = 6.9 Hz, 1H), 3.75 (m,
1H),2.32—2.16 (m, 2H), 1.51—1.45 (m, 1H), 1.43—1.34 (m, 3H),
0.92 (t, J = 6.8 Hz, 3H); '*C NMR (CDCl;, 100 MHz) 6 156.1
(C), 136.8 (C), 134.4 (CH), 128.6 (2xCH), 128.1 (3xCH), 117.9
(CH,), 66.6 (CH,), 50.6 (CH), 39.6 (CH,), 36.9 (CH,), 19.2
(CH,), 14.0 (CH;); LRMS-ESI (/) 248.1 (M + 1),204.1 (M — 44);
HRMS-ESI (m/z) caled for CisHy NO,K [M + K]T 286.1204,
found 286.1217 (A = 3.5 ppm).

Benzyl 1-(pyridin-3-yl)but-3-enylcarbamate (7): yield 50%;
pale yellow oil; R, 0.45 (95:5 CH,Cl,/MeOH); IR (film) 3305,
3033, 1695, 1530, 1328, 1254, 1040, 1025, 713, 696 cm ™ ';
'"H NMR (CDCls, 300 MHz) 6 8.57 (br s, 1H), 8.53 (dd, J =
4.7, 1.3 Hz, 1H), 7.6 (br d, J = 8.0 Hz, 1H), 7.38—7.33 (m, 6H),
5.67 (ddt, J=17.5,9.8,6.7 Hz, 1H), 5.17—5.07 (m, SH), 4.83 (br
d, 2H), 2.56 (br t, J= 6.9 Hz, 2H); °C NMR (CDCls, 100 MHz)
0 155.7(C), 148.7 (CH), 148.2 (CH), 136.4 (C), 134.2 (C), 133.0
(CH), 128.8 (2xCH), 128.7 (CH), 128.4 (CH), 128.2 (2xCH),
123.6 (CH), 119.4 (CH,), 67.2 (CH,), 52.7 (CH), 40.8 (CH,);
LRMS-ESI (m/z) 283.1 (M + 1); HRMS-ESI (m/z) caled for
C7H sN>O-K [M + K]t 321.0999, found 321.1014 (A = 3.5 ppm).

Typical Procedure for Hydroformylation. Benzyl 2-Methoxy-
6-methylpiperidine-1-carboxylate (11). A solution of Rh(CO),-
acac (0.25 mol %, 2.6 mg, 0.010 mmol) and biphephos (0.5 mol %,
15.9 mg, 0.020 mmol) in anhydrous degassed THF (0.5 mL),
prepared in a Schlenk glassware under inert atmosphere, was
introduced under inert atmosphere into a stainless steel auto-
clave containing 6 (1000 mg, 4.04 mmol) in anhydrous degassed
MeOH to reach a final concentration of 0.2 M. The autoclave
was flushed with H,/CO (1:1) three times. Then, the autoclave

]OCNote

was filled with 5 bar of H,/CO (1:1) and heated to 60 °C with
stirring for 12 h. Then, the autoclave was cooled to room tem-
perature and gases were slowly and carefully released. The solvent
was evaporated under reduced pressure. The residue was purified
by flash chromatography (95:5 pentane/Et,O) to give 11 as a
colorless oil (990 mg, 84%). R, 0.50 (90:10 pentane/Et,O); IR
(film) 2954, 2871, 1694, 1411, 1306, 1069, 696 cm '; '"H NMR
(CDCl; filtered on basic AlLO;, 400 MHz) o6 7.37—
7.32 (m, SH), 5.51 (br s, 0.5H), 5.38 (br s, 0.5H), 5.18—5.15 (m,
2H),4.25(brs,0.5H),4.17 (brs, 0.5H), 3.31 (brs, 1.5H), 3.23 (brs,
1.5H), 1.93—1.81 (m, 2H), 1.75—1.68 (m, 3H), 1.62—1.52 (m, 2H),
1.43—1.24 (m, 3H), 0.95—0.89 (m, 3H); '*C NMR (CDCl;, 100
MHz) 6 156.9/156.1 (C), 136.8 (C), 128.6 (CH), 128.2 (2xCH),
128.1 (2xCH), 82.4 (CH), 67.4/67.3 (CH,), 55.7/55.2 (CH), 51.0
(CH3), 36.0/35.5 (CH,), 30.8 (CH»), 27.7/27.3 (CH,), 20.6 (CH,),
141 (CH;), 13.8 (CHy); HRMS-ESI (m/z) caled
for C;7H,sNOsNa [M + Na]" 314.1727, found 314.1729 (A =
1.8 ppm).

General Procedure for Hydrogenolysis. In a high-pressure
reactor under inert atmosphere, to a solution of substrate in
MeOH (10 mL) was added Pearlman’s catalyst (Pd(OH),/C
20%, 10% w/w). The mixture was set under 5 bar of hydrogen
and was shacked overnight. The residue was filtrated over a
Celite pad and concentrated HCI was added (1—2 mL). The
solvent was removed under reduced pressure. Et,O and NaOH
15% were added and the aqueous layer was extracted with Et,O
(3 times). The organic layer was dried over Na,SQOy, filtered, and
carefully concentrated under reduced pressure to give the de-
sired alkaloid.

(£)-Coniine (13): yield 85%; colorless oil; IR (film) 3270,
2955,2925,2855, 1461, 1262, 1120, 743 cm ™ '; "H NMR (CDCl5,
400 MHz) 6 3.07 (dddd, J=11.7,4.0,2.2, 1.8 Hz, 1H), 2.62 (ddd,
J=11.7,11.6,2.6 Hz, 1H), 2.48—2.43 (m, 1H), 1.80—1.74 (m,
1H), 1.68—1.56 (m, 2H), 1.42—1.28 (m, 7H), 1.11—1.01 (m, 1H),
0.91 (dd, J = 7.0, 7.0 Hz, 3H); '*C NMR (CDCls, 100 MHz) ¢
56.8 (CH), 47.3 (CH>), 39.7 (CH»), 33.0 (CH>), 26.7 (CH»), 25.0
(CH»), 19.1 (CH,»), 14.4 (CH3); LRMS-ESI (m/z) 128.2 (M + 1);
HRMS-ESI (m/z) caled for CgH gN [M + H]™ 128.1434, found
128.1436 (A = 2.1 ppm).

(4R*,65*,9aR*)-4-Methyl-6-propyloctahydro-1H-quinolizine,
(£)-9-epi-195C (24): yield 80%; slightly yellow oil; IR (film)
2962, 1455, 1375 cm™'; '"H NMR (CDCl;, 400 MHz) 6 2.64—
2.59 (m, 1H), 2.56—2.51 (m, 1H), 2.46 (t app, J = 10.5 Hz, 1H),
1.83—1.75 (m, 1H), 1.67—1.61 (m, 3H), 1.52—1.44 (m, 5H),
1.40—1.20 (m, 7H), 1.12 (, J/ = 6.4 Hz, 3H), 0.91 (t, J = 7.3 Hz,
3H); '*C NMR (CDCls, 100 MHz) 6 58.1 (CH), 57.1 (CH), 55.9
(CH), 39.7 (CH,), 34.3 (CH,), 33.4 (CH,), 30.6 (CH,), 23.7
(CH»), 22.7 (CH,), 22.4 (CH3), 20.2 (CH,), 17.7 (CH,), 14.4
(CH3); HRMS-ESI (m/z) caled for C3H,6N [M + H] " 196.2060,
found 196.2070 (A = 0.1 ppm).
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