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Abstract

Amine-directed carbonylation of 2-allylpiperidine (5) gives 8-methyl-1-azabicyclo[4.3.0]nonan-9-one (7) with extremely high regio-
and stereoselectivity, which is promoted by a stoichiometric amount of [RhCI(CO),}, in the presence of hydrogen chloride. A
catalytic version of this process is developed, which converts 5-benzylamino-1-pentene (9) to 1-benzyl-3-methyl-2-piperidinone (10)
selectively. Novel aminocarbocyclization of 9 gives 1-benzyl-3-methylpiperidine (12) or 1-benzylazepane (13) exclusively by
employing appropriate hydrocarbonylation conditions. The scope and limitation of these new processes are discussed.

1. Introduction

Chelation-controlled regioselective and stereoselec-
tive reactions have been studied extensively in the
application of organometallics and homogeneous cata-
lysts for organic synthesis. Burke, Jackson and their
co-workers reported intramolecular phosphine-di-
rected hydroformylation of alkenes [1,2]. We have
found that the amide functionality can serve as an
effective “directing group” in regioselective hydrocar-
bonylations catalyzed by a variety of Group VIII transi-
tion-metal complexes [3], and a series of mono- and
bicyclic nitrogen heterocycles have been synthesized
from N-alkenylamides, alkenamides and a-allyllactams
by using this method. On the other hand, Krafft et al.
have developed amine-directed regioselective “hydro-
carboxylation’’ of homoallylic amines forming lactams,
which is promoted by stoichiometric amounts of Rh
complexes in the presence of hydrogen chloride [4].
Knifton, Jackson, Alper and their co-workers reported
syntheses of monocyclic nitrogen heterocycles by
rhodium complex-catalyzed cyclizations of unsaturated
amines [5-7].
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In the course of our study on chelation-controlled
regio- and stereoselective carbonylations for organic
syntheses [3], we have investigated the syntheses of
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Fig. 1. '"H NMR spectra of 7: (a) one diastereomer tentatively
assigned as 7-; (b) a mixture of two diastereomers.
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nitrogen heterocycles through amine-directed carbony-
lations. We describe here our study on the rhodium
complex-promoted regio- and stercoselective carbony-
lation of 2-allylpiperidine (5) and 5-benzylamino-1-
pentene (9) in the presence of hydrogen chloride, and
the rhodium complex-catalyzed carbonylation and hy-
drocarbonylation ot 5 and 9. which give the corre-
sponding homologated cyclic amines and lactams with
high selectivities.

2. Results and discussion

2.1. Highly stereoselective synthesis of a bicyclic lactam
through cyclocarbonylation of 2-allylpiperidine (5)

Krafft er al [4] reported that in a rhodium
complex-mediated regioselective “hydrocarboxylation™,
a homoallylic amine (1) was converted to an alkyl-Rh""!
complex (3) via a chelated Rh! complex (2) in the
presence of hvdrogen chloride and trimethylphosphite,
followed by carbon monoxide insertion and methanoly-
sis to yield a pyrrolidin-2-one (4) (egn. ().

R' H
N/
L _R? RRCKCO,), N O
N\ P(OMe),
1 [/ Co :
2
(h)
1
''n A
A4 Cl /
N
Ngp=CO | P(OMe) 0
| ~P(OMe), | MeOH
Cl
2
R X R™ 4

TABLE 1. Cyclocarbonylation of 5-benzylamino-1-pentene (9) *
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We applied this reaction to the diastereoselective
annulation of 2-allylpiperidine (5) which should give a
bicyclic lactam, 3-methyl-1-azabicyclo[4.3.0lnonan-9-
one (7) (eqn. (2)). Tt was assumed that the stercodeter-
mining step of the reaction would be the formation of a
chelated alkyl-Rh complex (6A or 6B) and diasteroface
selection at the chelated-Rh complex forming step
might give one diastercomer selectively.

N\/\ HCl  MeOlH
N——ri] P(OMe), P(OMe},
H H
[Rh(,l((‘())zl |
NH e
N Me
5 | 7-a 0
(2)
__HCI__ MeOH
M { TRoMay “POoMer

Indeed, this reaction gave 7 as the sole product in
43% isolated yield (egn. (3)), and some starting matc-
rial was recovered. The NMR analysis of the crude
product indicated the formation of only one diasterc-
omer (sce Fig. 1(a)). Accordingly, this chelation-con-
trolled reaction is not only regiosclective but also di-
astereoselective. The stercochemistry of 7 thus ob-
tained was tentatively assigned as 3-a-methyl isomer on
the basis of NMR analyses.

Run Catalyst {mol%) Temperature HCl con Conversion © Yield © Product ratio ©
) (mol%) (har) ) () ”TIT -

1 [Rh(dppbXMeOH),]* ClO, (5) ¥+ 1410 10 69 92 5% 84 16

2 [R(BPPM)(MecOH),}" ClO, (%) de 100 10 69 100 86 42 8

3 [RBPPMXTIHF), ] ClO; (5) ! 100 10 09 89 77 82 {8

4 IRRMBPPM)XMeOH),] ClO, (2) ¢ i 4 (Y a7 84 83 15

3 {Rh(BPPM)(McOH).] " BF, (5) ¢ S0 i 38 67 sY 9s 3

6 [RhCHCO), ], (5) ! 100 10 (9 100 N7 57 43

7 [RhCHCO), ], (5! 100 5 35 93 749 78 22

8 [Rh{acackCO),1(5) ¢F 100 5 35 93 75 75 25

* All reactions were run with the use of a Pyrex vessel (25 ml) in a stainkess steel autoclave (300 m}) with 0.70--1.00 mmol of 9 in MeOH or THF

(3.0-5.0 mb for 40 h. " 69 bar= 1000 psi;
bis(diphenylphosphino)butane: ( —)-BPPM
tion was run in MeOIL ! Reaction was run in THF,

35 buar =500 psi

“ Determined by
= (25, 45)-N-t-butoxvcarbonvl-4-diphenylphosphino-2-diphenylphosphinomethylpyrrolidine.

GLC analyses. dpph = 1 4-

¢ Reac-

acac = acetylacetonate;
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=
[RhCI(CO),], (05 eq.) HCI
NH CH,ClL, - .78°C-RT

5 P(OMe);

(3)

P(OMe);
MeQOH N

7-a.

2.2. Catalytic cyclocarbonylation of 2-allylpiperidine (5)
and 5-benzylamino-1-pentene (9) in the presence of hy-
drogen chloride

Since the process using a stoichiometric amount of a
rhodium complex is not practical as a synthetic method,
a catalytic version of this cyclocarbonylation was inves-
tigated. In fact, the catalytic reaction of 5 proceeded
smoothly in the presence of a catalytic amount of
[RhCI(CO), 1, (5 mol%) as the catalyst as well as hy-
drogen chloride (10 mol%) to yield 7 (57% vyield) and
1-azabicyclo[4.4.0]decan-2-one (8, 32% yield) (eqn. (4)),
i.e. this catalytic reaction has only marginal regioselec-
tivity. The NMR analyses of 7 and 8 indicated that 7
thus obtained consisted of a 1:1 mixture of two di-
astereomers (see Fig. 1(b)), i.e. this process is not

diastereoselective.
[RhCI(CO),l, (S mol%)

Z
@?/
10%HCI, THF

5 100°C, 40h
Conversion 100%

8 (32%)

CO=1000psi (69 bar)

(4)

7(57%)

We examined catalytic and regioselective cyclocar-
bonylation of 9 extensively by using a variety of rhodium
complexes in the presence of hydrogen chloride (eqn.
(5)). Results are summarized in Table 1. The reactions
catalyzed by a cationic diphosphine-Rh complex give
1-benzyl-3-methyl-2-piperidinone (10) and 1-benzyl-
azepan-2-one (11) in ratios from 82: 18 to 95:5 (entries
1-5). The results clearly indicate that the amine-di-
rected chelation control is effectively operative in these
catalytic conditions as well. The chiral ligand (—)-
BPPM was used in an attempt to synthesize the chiral
non-racemic products. However, the enantiomeric pu-
rity of the isolated product 10 was only ca. 8% ec on
the basis of HPLC analysis using a chiral column,
Daicel Chiracel OD. The reactions using [RhCI(CO), |,
and [Rh(CO),(acac)] as the catalysts under the similar
conditions (entries 6 and 7) are less regioselective than
those catalyzed by the cationic diphosphine—Rh com-
plexes.

Cat. CcO
ANNF > ->
PhCH,NH HOI 40h
9 MeOH or THF
-7180C to RT
(3)

PhCHzNQ\ + PhCHlNQ

0 0

10 11

2.3. Catalytic cyclocarbonylation of 5-benzylamino-1-
pentene (9) in the absence of hydrogen chloride
Although the results shown in Table 1 seem to imply
that the amount of hydrogen chloride used and the
ratio of the catalyst and hydrogen chloride have some
influence on the selectivity of the reaction, we have
examined the possibility of running the same type of
reaction in the absence of hydrogen chloride, i.e. the
process including direct activation of amine functional-
ity by rhodium catalysts. Indeed, this investigation has

TABLE 2. Cyclocbonylation of 5-benzylamino-1-pentene (9) in the absence of hydrogen chioride *

Run Catalyst Temperature coP’ Conversion ¢ Product ratio ©

(mol%) cC) (bar) (%) 1
1 [RhCI(CO), ], (5) 100 69 87 90 10
2 [Rh(acacXCO),] (5) ¢ 100 35 59 78 22
3 [Rh(dppbXTHF),1*BE; (2) ¢ 100 35 53 92 8
4 RhCI(PPh;), (2.5) 100 35 88 86 14
5 HRh(COXPPh3); (2) 100 35 73 98 2
6 Co,Rh,(CO),, (2.5) 100 35 80 98 2
7 Co,(CO), (10) 125 69 0 - -

2 All reactions were run with the use of a Pyrex vessel (25 ml) in a stainless stee] autoclave (300 mi) with 1.00 mmol of 9 in THF (5.0 ml) for 40 h.
b 69 bar = 1000 psi; 35 bar = 500 psi. © Determined by GLC analyses. 4 For the abbreviations acac and dppb, see footnote d of Table I.
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TABLE 3. Hydrocyclocarbonvlation of 5-benzylaminopentene (93 ¢

7. Zhang, 1. Ojima 7 Svnthese
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Entry Catalyst (mol%) Ligand Temperature (() H. Yield Pmducl nmn ¢
o) {(bar) {har) (e THEETE

1 RhCHPPh ), (1.) 100 62 62 7 87 13

2 HRRCOXPPh ), (1.O) - 100 62 62 NS 95 B

3 HRhCONPPh ), (1.0) +5 PPh, 100 02 6l 33 23 75

4 HRICOXPPR ), (1) +20 PPh, L0 62 nl b 4 91

5 HRRCOXPPh ) (1. S5 PICH, 10t} 62 6. 83 N 98

6 Co-Rh,1COY,, (0.5) 125 41 R3 63 1 49

7 Co(CO) 1 105 Y 443 0

a4 Pyrexovessel (25 mDin a \mmkss
62 bar = 900 psi; 69 bar = 1000 psiz 83 bar = 1200 psi.

* All reactions were run with the use of
Y41 bar = 600 psi:

shown that hydrogen chloride is not necessary for the
catalytic lactam forming reaction (egn. (6)). Results of
catalytic cyclocarbonylation of 9 in the absence of
hydrochloric acid catalvzed by rhodium complexes as
well as Co,Rh(CO),, are listed in Table 2. These
reactions give slightly lower conversions, but very good
to excelient regiosclectivities. The best regioselectivity
(10 /11 = 98 /2) is achieved by using HRh(COXPPh ),
or Co,Rh.(CO),, (entries 5 and 6). The results clearly
indicate that the amine-directed chelation control is
operating in favor of the formation of six-membered

ring product 10. A cobalt complex, Co(CO),. is net-
fective under similar conditions {entry 7).
AN Cat. co >
PhCH,N} - >
hCH,NH RT 40h
9 THE
(6)
PhCHﬂQ\ + PhCHz}Q
0 0
10 11

. NHCH,Ph pu(u P NHCH Ph
N 2 2 I\‘ 2
F r® ¥ CHO

€O (€O L

\H(‘nzph ﬁu( HyPh ’)/\'m “HyPh

Rn <(0)n m RB(CO)nLm CHO

Scheme 1.

mmaol of 9in THF (3.0 mi) 1m 18 h.

steel autoctave (00 mb \mh {.A0

¢ Determined by GLO analyses.

2.4. Catalvtic hvdrocarbonylations of 2-allvipiperidine (5)
and S-benzvlamino-1-pentene (9)

The hydrocyclocarbonylations of 9 in the presence
of hydrogen and carbon monoxide were carried out by
using RhCUPPh),, HRRCOXPPh ), and Co,Rh.-
(CO),, as the catalysts {egn. (7). An attempted reac-
tion with Co (CO) as the catalvst under typical hydro-
formylation conditions for this catatvst (125°C, 138 bar,
CO/H, = 1) resulted in the complete recovery of the
starting material 9. Results are summarized in Table 3.

CO/H
NN L .
PhCH,NI Cat.
. THF
(7)
PhCH,N i + PhCHZNQ
13

As Table 3 shows, a six-membered ring amine (12)
or a seven-membered ring amine (13) can be obtained

NHCH,Ph

NHCH P
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PhCH,NH H, PRCH,N
e —»PhCH,;NH —_—
(@) LmRh CHO
14 OH
17
0 16A
RhL,, 1.-H,0
9 2.H,
PhCH, N PhCH,N
b LmRh Cyclization PhCH,N
12 (82%)
(¢}
¢}
l6B 10 (62%)
Conditions:
a: HRh(CO)(PPhy), (1.0 moi%), 100 °C, CO/H, = 62/62 bar;
b: HRh(CO)(PPh;); (1.0 mol %), 100 °C, CO/H, = 62/7 bar.
Scheme 2.

through novel “aminocarbocyclization” process by
choosing appropriate conditions. A HRh(COXPPh,),-
catalyzed reaction gives 1-benzyl-3-methylpiperidine
(12) almost exclusively (entry 2). The fact that the
regioselectivity observed in the present system is oppo-
site to that for usual 1-alkenes [8] indicates that the
amine-directed “chelation-control” is effectively opera-
tive, thereby favoring the formation of iso-aldehyde in
the initial hydroformylation step (Scheme 1). For this
reaction, Co,(CO), does not show any catalytic activity
at all under the typical hydroformylation conditions
(entry 7). The reaction catalyzed by Co,Rh,(CO),,
gives a 1:1 mixture of 12 and 1-benzylazepane (13) in
65% vyield, in which an azepane should be formed
through a n-aldehyde (Scheme 1). Since the construc-
tion of the azepane skeleton is of interest in organic
synthesis, the reaction has been investigated further to
make it more regioselective by adding bulky phosphine
ligands. As Table 3 shows, the addition of 5 equiv. of
tricyclohexylphosphine or 20 equiv. of triphenylphos-

TABLE 4. Hydrocyclocarbonylation of 2-allylpiperidine (5) *

phine to HRh(COXPPh,); dramatically reverses the
regioselectivity in favor of the formation of azepane 13
(entries 4 and 5). It is clear that P(C{H,,); is an
excellent ligand for this purpose. The observed remark-
able reversal of regioselectivity by the addition of bulky
phosphines is accommodated by taking into account
an effective blocking of the amine-directed chelation
control at the regio-determining step as depicted in
Scheme 1.

It should also be noted that the reaction of 9 under
the same reaction conditions except for a low hydrogen
pressure (CO = 62 bar; H, = 7 bar) gave 10 selectively
in 62% isolated yield. The result clearly indicates that
the two types of reactions are competing processes: (a)
at a high hydrogen pressure the oxidative addition of
H, to an acyl-Rh complex (16A) is almost exclusive,
which is followed sequentially by formation of iso-al-
dehyde (14), formation of hemiaminal (17), dehydra-
tion and hydrogenation to yield 12; (b) however, at a
lower hydrogen pressure the cyclization becomes pre-

Run Catalyst (mol%) Temperature cor® H,® Solvent or Conversion € Product ratio
°0) (bar) (bar) additive (%) (%) 7 5

1 RhCI(PPh,), (1.0) 100 41 41 THF 100 43 57

2 HRh(COXPPh;); (1.0) 100 62 62 HC(OE), 100 40 60

3 HRh(COXPPh 3)3 (1.0) 100 62 62 THF /PPh, (10) 100 35 65

4 HRH(COXPPh,); (1.0) 100 62 62 THF/P(C H,,), (5) 100 02 58

5 Co,Rh,(CO),, (0.5) 125 41 83 THF 100 52 48

2 All reactions were run with the use of a Pyrex vessel (25 ml) in a stainless steel autoclave (300 ml) with 1.50 mmol of 5 in THF or HC(OEt); (3.8
ml) for 18 h. ® 41 bar = 600 psi; 62 bar = 900 psi; 83 bar = 1200 psi. © Determined by GLC analyses.
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dominant, which formally does not require a hydrogen
source other than amine hydrogen, to give 10 selec-
tively.

In the same manner, hydrocyclocarbonylation of 5
was carried out by using the same sct of rhodium and
rhodium-cobalt mixed metal complexes as the catalysts
(egn. (8)). The results are listed in Table 4. The ob-
served regioselectivitics are much lower than those for
the reactions of 9 under similar conditions. The results
strongly suggest that regiocontrol for the formations of
five- ¢s. six-membered rings is substantially more diffi-
cult than that for six- rs. seven-membered rings.

CO/My

s
G\’:\/ Cat.

5

A/

(8)

+
N l\/N
o 0
7 8

3. Experimental details

3.1. General method

'H NMR spectra were measured with a Bruker
AC-250 or a General Electric QE-300 spectrometer
with tetramethylsilane as the internal standard. “C
NMR spectra were measured with a General Electric
QE-300 spectrometer. The IR spectra were recorded
on a Perkin-Elmer Model 1600 FT-IR spectropho-
tometer with samples as neat liquid. HPLC analysis
was recorded on a Waters 600 E multisolvent delivery
system equipped with a chiral column-Daicel Chiracel
OD (J.T. Baker) using n-hexane /2-propanol. Mass
spectra (GCMS) were recorded on a Hewlett Packard
HP 5980A mass spectrometer cquipped with a HP
5710A gas chromatograph and a HP 35933A data sys-
tem. Analytical gas chromatography was carried out
with a Hewlett Packard 5890A gas chromatograph with
a Hewlett Packard HP 3396A intcgrator or a Perkin-
Elmer 3920 gas chromatograph with a Hewlett Packard
HP 3393A integrator using columns packed with
Dexsil-300 or OV-17. Elemental analyses were per-
formed at the M-H-W Laboratories, Phoenix, AZ.

3.2. Materials

Dicobalt octacarbonyl and 1.4-bis(diphenylphos-
phino)butane (dppb) were purchased from Strem
Chemicals, Inc. and used as obtained. The rhodium
complex, RhCK(PPh,);, was obtained from Engelhard
Industries KK. The rhodium complex, [Rh(acacXCO),],

was a gift from Mitsubishi Kasei Corp. and used as
obtained. Other rhodium complexes, [RhRCI(CO), ], [9],
HRh(COXPPh;); [10], Co,Rh(CO), [i!]. [Rh-
(NBD),]ICIO, (NBD = norbornadiene) [12] and [Rh-
(NBD), IBF, [12] were prepared by the literature meth-
ods. Methanol, dichloromethane and trimethylphos-
phite were distilled under nitrogen prior to use. Tetra-
hydrofuran (THF) was dried over sodium and distilled
under nitrogen from sodium /benzophenone. 3-Allyl-
2-pyrrolidinone [3e¢]. 6-allyl-2-piperidinone [3¢]. N-ben-
zyl-d-pentenamide [3¢] and (—)-BPPM [13] were pre-
parcd by the literature methods. Silica gel (MN-
Kieselgel 60 for chromatography was purchased from
Brinkmann Instruments, Inc. All other chemicals were
purchased from Aldrich Chemical Co., Inc.

3.3, Preparation of 2-allylpiperidine {5)

In a 250 ml dry reaction flask was placed LiAIH,
(2.78 g, 0.073 mol) and the reaction flask was flushed
with dry nitrogen gas. and cooled with an ice-water
bath. Dry ether (200 mbD was carefully added to the
reaction flask with stirring. 3-Allyl-2-piperidinone (5.07
g. 0.037 mol) was added slowly to this suspension. The
mixture was refluxed for 3 h and stirred at room
temperature overnight. The rcaction mixture was then
cooled in an ice-water bath and quenched with water.
The reaction mixture was extracted with ether (30
mi x 4) and the combined extracts were dried over
anhydrous Na .50, overnight. After the drying reagent
was filtered, the solvent was removed under reduced
pressure and the product was purified by Kugelrohr
distillation to give 5 as a colorless oil (2.74 g, 60.3%
yield). "H NMR (CDCl,): 8 1.04-1.75 (m. 6H): 1.95-
2.16 (m. 2H); 2.40-2.60 {m, 2H); 299 (d, /= 1.5 Hz,
HA); 3.57-3.65 (m, 1H); 4.99-5.08 (m. 2H); 5.65-5.78
(m, 1H). "“C NMR (CDCly): & 24.78. 26.19, 32.63,
41.75, 47.01, 3595, 117.14, 135.49. IR (ncat): 3292b,
3075m, 1640m. 1440m cm ‘. Anal. Found: C. 76.57: H,
12.19; N, 1101 CH (N cale: €, 76.74: H. 12.07: N,
11.19%.

3.4. Preparation of S-benzvlamino-1-pentene (9)

In a similar manner, 9 was obtained as a colorless
0il (3.88 g, 92% yield) through the reduction of N-ben-
zyl-4-pentenamide (4.0 g, 0.024 moD) with LiAIH,
(1.85 g, 0.049 mol) in ether (150 ml).

9: '"H NMR (CDCl,): § 1.61 (quintet, J = 7.4 Hz. 2
H);, 2.09 (q, /= 7.1 Hz, 2 H). 2.63 (1, /=7.3 Hz, 2 H);
340 (bs, 1 H) 377 (s, 2 H); 4.93-5.05 (m. 2 H):
5.73-5.87 (m, | H); 7.25-7.35 (m, 5 H). “C NMR
(CDCly): 6 29.14, 31.41, 48.75, 3391, 114406, 126.71,
127.93, 128.22, 138.33. IR (necat): 3310 (YNH). 3062m,
1439m em ' Anal. Found: C. 82.28; H. 9.57; N, 8.12.
C-H N cale.: C.82.23: H. 9.78: N. 7.99%.
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3.5. Stereoselective cyclocarbonylation of 2-allylpiperi-
dine (5) in the presence of hydrogen chloride

To a solution of [RhCI(CO), ], (169 mg, 0.44 mmol)
in 1.5 ml of dichloromethane at room temperature was
added 5 (109 mg, 0.87 mmol) in 1.5 ml of
dichloromethane. The resulting yellow solution was
stirred for 10 min at room temperature and cooled to
—78°C. Then, a cold, ethereal solution of anhydrous
HCI (0.16 ml of a 1 M solution) was slowly added down
the side of the reaction flask. After stirring for 10 min
at —78°C, a solution of P(OMe), (0.67 ml) in 2.3 ml of
dichloromethane was added down the side of the reac-
tion flask (to prevent warming). Stirring was continued
for another 8 h as the orange-yellow solution slowly
warmed to ambient temperature. The solvent was re-
moved in vacuo and the resulting orange oil of Rh'!
alkyl complex was dissolved in 5.6 ml of methanol and
5.6 ml of chloroform and then 0.28 ml of P(OMe), was
added. After stirring for 24 h at room temperature,
removal of the solvent followed by flash chromatogra-
phy (eluant 100% EtOAc) gave 8-methyl-1-
azabicyclo[4.3.0]lnonan-9-one (7, 53 mg, 43% vield) as a
colorless oil (one diastereomer; tentatively assigned as
7-a). '"H NMR (CDCl,): 6 1.11-1.42 (m, 3.5 H); 1.15
(d, /=173 Hz, 3 H); 1.64 (m, 0.5 H); 1.77-1.85 (m, 4
H); 2.47 (m, 1 HD; 2.61 (dt, J = 13.5, 12.9 Hz, 1 H); 3.38
(m, 1 H); 4.09 (dd, J=4.8, 13.2 Hz, 1 H). 3C NMR
(CDCl,): 6 16.83, 23.72, 24.40, 32.88, 33.38, 35.64,
40.24, 55.32, 175.84. The 'H NMR spectrum is shown
in Fig. 1(a), which suggests that this diastereomer is the
3-a-methyl isomer 7-a based on the comparison with
the other diastereomer (see Fig. 1(b)) in terms of the
chemical shifts of the 3-methyls as well as the 5-methine
protons. Attempted 1D difference NOE and NOESY
measurements were not conclusive due to unfortunate
overlap of key peaks.

3.6. Cyclocarbonylation of 5 catalyzed by [RhCI(CO),],

In a typical run, [RhCI(CO),], (29.6 mg, 7.6 X 102
mmol) and 2-allylpiperidine (5, 191 mg, 1.52 mmol)
were placed in a 50 ml reaction vessel under argon. To
the reaction vessel was added THF (5.0 ml) via syringe.
The resulting mixture was stirred for 10 min and then
cooled to —78°C. Then, a cold, ethereal solution of
anhydrous HCI (0.15 ml of a 1 M solution) was slowly
added down the side of the reaction vessel. After
stirring for 10 min at —78°C, the mixture was allowed
to warm to room temperature. The reaction vessel was
placed in a 300 ml stainless steel autoclave. The auto-
clave, which was equipped with a magnetic stirrer and
immersed in a thermostatted oil bath, was charged with
69 bar (1000 psi) of carbon monoxide. The reaction
mixture in the autoclave was heated at 100°C for 40 h
with stirring. Then, pressure was carefully released and
the reaction mixture was chromatographed on a silica

gel column (eluant EtOAc) to give 8-methyl-1-azabi-
cyclo[4.3.0]nonan-9-one (7, 133 mg, 57% yield) and
1-azabicyclo[4.4.0]decan-2-one (8, 74 mg, 32% yield).

7 (a 1:1 mixture of two diastereomers): 'H NMR
(CDCI,): 6 1.03-1.45 (m, 3.5 H); [1.19 (d, J = 7.0 Hz),
1.15 (d, J=7.3 Hz)] 3 H); 1.61-1.94 (m, 4.5 H);
2.37-2.67 (m, 2 H); [3.24-3.25 (m), 3.38-3.42 (m)] (1
H); 4.04-4.12 (m, 1 H). *C NMR (CDCl5): 8 (16.32,
16.83), (23.54, 23.72), (24.26, 24.40), (32.88, 33.78),
(33.38, 35.31), (35.64, 36.18), (40.03, 40.24), (54.95,
55.32), 175.84. IR (neat) 1682 (YCO) cm ~*. MS: (m/e)
153.1 (723, M™), 152.1 (100), 138.1 (29), 124 (25.8),
83.0 (41.7), 82.0 (32.8). Anal. Found: C, 70.61; H, 9.72;
N, 9.00. C4HsNO calc.: C, 70.55; H, 9.87; N, 9.14. The
'"H NMR spectrum is shown in Fig. 1(b).

8 [14]: 'H NMR (CDCl5): 6 1.24-2.61 (m, 13 H);
322 (m, 1 H); 478 (dt, J=1.8, 13.3 Hz, 1 H). *’C
NMR (CDCly): & 19.10, 24.42, 25.29, 30.43, 32.94,
33.97, 42.30, 56.80, 169.00. IR (neat): 1703 (*CO) cm .
MS: (m/e) 153.1 (69.4, M), 152.1 (41.8), 138.1 (57.1),
97.0 (100), 83.9 (54.1).

3.7. Cyclocarbonylation of 5-benzylamino-1-pentene (9)
catalyzed by [RhCI(CO), ], or [RR(CO),(acac)]

In a manner similar to that described above, the
reactions were carried out with 0.05 mmol of
[RhCI(CO), ], or [Rh{acac)XCO),] and 1.0 mmol of 9 in
5.0 ml of THF at 100°C and 35-69 bar (500-1000 psi)
of CO for 40 h. The reaction mixture was chro-
matographed on a silica gel column (eluant EtOAc) to
give 1-benzyl-3-methyl-2-piperidinone (10) and 1-ben-
zylazepan-2-one (11). The reaction mixture was sub-
jected to GLC and/or NMR analyses.

10: 'H NMR (CDCl,): 6 1.29 (d, J=7.2 Hz, 3 H);
1.51-1.97 (m, 4 H); 2.46-2.49 (m, 1 H); 3.20 (dd,
J=5.1,72 Hz, 2 H); 4.58 (dd, J = 14.6, 48.7 Hz, 2 H);
7.23~7.34 (m, 5 H). “C NMR (CDCl,): § 18.00, 21.56,
29.48, 36.62, 47.49, 50.11, 127.13, 127.88, 128.43, 137.47,
173.19. IR (neat): 1636 (*CO) cm™!. MS: (m/e) 203
(86.9, M™), 188 (18.8), 112 (83.6), 99 (27.0), 92 (37.7),
91 (100.0). Anal. Found: C, 76.63; H, 8.26; N, 6.89.
C3H;NO calc.: C, 76.81; H, 8.43; N, 6.89%.

11: '"H NMR (CDCl,): § 1.42-1.46 (m, 2 H); 1.63-
1.65 (m, 4 H); 2.53-2.56 (m, 2 H); 3.21-3.24 (m, 2 H);
4.53 (s, 2 H); 7.18-7.25 (m, 5 H). *C NMR (CDCl,): &
23.44, 28.16, 29.93, 37.17, 48.91, 51.17, 127.25, 128.18,
128.50, 138.00. IR (neat): 1636 (*CO) cm ™~ '. MS: (m /e)
203 (79.7, M ™), 160 (25.1), 106 (50.9), 91 (100.0). Anal.
Found: C, 76.60; H, 8.21; N, 7.09. C;H ;NO calc.: C,
76.81; H, 8.43; N, 6.89%.

3.8. Cyclocarboxylation of 5-benzylamino-1-pentene (9)
catalyzed by cationic rhodium complexes

In a typical run, to a solution of [Rh{(NBD),]CIO,
(13.5 mg, 3.5%x 1072 mmol) in 3.0 ml of methanol
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under argon was added ( —)-BPPM (20.3 mg. 3.6 x 10"~
mmol). The mixture was stirred for 1 h under hydrogen
at room temperature, and then the catalyst solution
was ready to use. To a solution of 9 (123 mg, 0.70
mmol) in a 50 ml reaction vessel was added the catalyst
solution via syringe. The resulting mixture was stirred
for 10 min and then cooled to —78°C. Then. a cold.
ethereal solution of anhydrous HCL (.07 mlof a | M
solution) was slowly added down the side ot the reac-
tion vessel. The reaction vessel was placed in & 300 ml
stainless stecl autoctave. The autoclave., which was
equipped with a magnctic stirrer and immersed in a
thermostated oil bath, was charged with 69 bar (1000
psi) of carbon monoxide. The mixture in the autoclave
was heated at 100°C for 40 h with stirring. Then,
pressure was carcfully released and the reaction mix-
ture was subjected to GLC and/or NMR analyses.

3.9. Cyclocarbonylation of 5-benzylamino-1-pentene (9)
in the absence of hydrogen chioride

In a typical run. the catalyst (0.02-0.05 mmol) and 9
(1.00 mmol) were placed in a 25 ml reaction vessel
under argon. To the reaction vessel was added THF
(5.0 ml) via syringe. The resulting mixture was stirred
for 10 min. The reaction vessel was placed in a 300 ml
stainless steel autoclave. The autoclave, which was
equippced with a magnetic stirrer and immersed in «
thermostatted oil bath, was charged with 35-69 bar
(500-1000 psi) of carbon monoxide. The mixture in the
autoclave was heated at 100°C for 40 h with stirring.
Then, pressure was carefully released and the reaction
mixture was submitted to GLC and /or NMR analyses.

3.10.  Hydrocyclocarbonyvlation of  5S-benzviamino-I-
pentene (9) catalyzed by rhodium complexes

In a typical run, tricyclohexyiphosphine (22.6 mg,
7.80 X 107% mmol) was placed to a 25 ml Pyrex flask in
a glove box under nitrogen. (When triphenviphosphine
is used. this phosphine can be added directly to the
reaction flask without using a glove box.) Freshly dis-
tilled THF (3.0 ml) was added under argon via syringe.
and the mixture was stirred for § min. To a 50 ml Pyrex
reaction vessel with a magnetic stirring bar were added
9 (1.56 mmol, 273 mg) and HRh(COXPPh .}, (1.56 %
1072 mmol, 14.3 mg). The Pyrex reaction vessel was
pumped into vacuum and filled with argon, which was
repeated twice, and then the phosphine solution was
transferred into the Pyrex reaction vessel via syringe
under argon. The reaction vessel was placed m a
stainless steel autoclave (300 ml). The autoclave was
flushed with carbon monoxide twice and then filled
with carbon monoxide (62 bar = 900 psi) and hydrogen
(62 bar = 900 psi) (initial pressures at 20°C). The mix-
ture was stirred at 100°C for 18 h. After the autoclave

was cooled in ice-water bath for 30 min, the pressurc
was released from the autoclave and the solvent was
removed. The reaction mixture was submitted to GLC
and NMR analyses. The GLC analysis revealed that
{-benzylazepane (13) and 1-benzyl-3-methylpiperidine
(12) were formed in 85% vicld in 95:5 ratio. The
products were separated by silica gel column chro-
matography (cluant hexane /EtOAc, 2: 1) to give 13
(236 mg, 80% vield) as a colorless ol

in the same manner. the reaction with HRh-
(COXPPh:), gave 12 in 737 isolated vield as a color-
less oil.

12 [15): "H NMR (CDC1,): 8 0.83 (d, J =57 Hz,
H); 1.53-1.87 (m. 5 H): 2.62-2.84 (m. 4 H): %49 (s. 2
Hy, 7.31 (m. 5 H). “C NMR (CDCl ) § 19.69, 25.45,
31,03, 32,98, 33.90. 61.84, 63.32. 126.85. 128.09. 129.22.
IR (neat): 3026w, 2923, 1642w, 1453m, 1027m cm '
MS: (/e 1RO CIR M LIRS (25.3). 112 (39). 91 (100),
65 (L1}

13116); "H NMR (CDCi): § 1.04 (m. 4 H); 1.66 (m,
4 HY, 270, J =51 Hz 4 H). 3.71 (s, 2 H): 7.25-7.37
{m, 5 H). ”’(‘ N’VIR (CDCL ) & 2698, 2098, 55.28.

62.37, 127.306, 128.3 l“) 7\ IR (ncat): 3060w, 3025w,
29268, 1678w, Hﬁm e L MS: G /e) 189 (13, M7,
188 (13), 112.(20%, 98 (30). 91 (100 42 (27,

ol

3.11. Hydrocvclocarbonviation of 2-allvipiperidine (5)
catalyzed by rhodium complexes

In a manner similar to that described above, the
reactions were carried out with 5 (1.50 mmol) and a
catalyst (1.50 x 10 mmol) in 3.8 ml of THEF or
HC(OEL), at 100 or )25”( and 83-124 bar (12001800
psic CO/H. = | or 0.5) for 18 h. The reaction mixture

was submitted to GLC and /or NMR analyses.
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