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Abstract: 1-Azaspiro[4.4]nonane system is constructed from die-
nyl ketone oximes by palladium-catalyzed cascade reaction.
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Palladium-catalyzed coupling has been extensively stud-
ied in the past decade and has become one of the useful
means of carbon-carbon bond formation,1 while the ap-
plication to carbon-nitrogen bond formation is less com-
mon. Buchwald and Hartwig, recently, have cultivated
this area and have developed palladium-catalyzed C-N
bond forming reactions directed toward the synthesis of
aryl amines and heterocycles.2

Recently we found that oxime derivatives reacted with
Pd(0) complex to generate alkylideneaminopalladium(II)
species, which were used as intermediates of the Mizoro-
ki-Heck-type cyclization of g,d-unsaturated ketone oxime
derivatives to give pyrroles.3 For example, 4-methyl-1-
phenylpyrrol (2) was prepared in 85% yield by the treat-
ment of 1-phenyl-4-pentene-1-one O-pentafluorobenzoy-
loxime (1) with a catalytic amount of Pd(PPh3)4 and Et3N
in DMF at 80 °C. Thus, alkylideneaminopalladium(II)
species can be generated from oximes and are useful inter-
mediates for the formation of carbon-nitrogen bond.
Therefore, we examined the synthesis of spiro imines by
the cascade cyclization starting from dienyl ketone oxime
derivatives.

Equation 1

1-Azaspiro[4.4]nonane system is a unique structure and
the core skeleton of cephalotaxines, whose analogue
shows some pharmacological activity.4 Various synthetic

methods, therefore, have been developed toward the con-
struction of azaspirononane skeleton,5 such as acyloin
condensation of 1,1-bis(methoxycarbonylmethyl)pyrrol-
idine,5a cyclization from 1-formyl-1-(3-iodo-2-prop-
enyl)pyrrolidine using stannyl anion,5b aldol condensation
of 1-carbonyl-1-acetylmethylpyrrolidine,5c intramolecu-
lar SN2’ reaction of 1-(3-aminopropyl)-2-(1-
hydroxyisopropyl)cyclopentene,5d and lactam formation
from 1-amino-1-(2-methoxycarbonylethyl)cyclo-pen-
tane.5e In addition, Tietze et al. have recently reported the
efficient metal-catalyzed formation of 1-aza-
spiro[4.4]nonane skeleton based on the Tsuji-Trost allyla-
tion.5f 

The outline of our strategy is depicted in Scheme, which
is based on the cascade cyclization6,7 initiated by the gen-
eration of alkylideneaminopalladium(II) specie from
O-pentafluorobenzoyloxime having a dienyl moiety.

Scheme

As a model compound, oxime 3a was chosen and the cas-
cade reaction was examined in the presence of palladium
catalysts and bases (Table 1). When the reaction was car-
ried out at 80 °C with 10 mol% Pd(PPh3)4 and Et3N in
DMF, which are the optimal reaction conditions of the
previous pyrrole synthesis,3 it took 11.5 h to consume 3a,
and the desired spiro imine 4a was obtained in 60% yield
accompanied with 34% yield of ketone 5a (run 1). Al-
though the use of Pd(dba)2 and PPh3 accelerated the reac-
tion, yield of the cyclized product 4a was not improved
but a larger amount of the ketone was obtained (run 2).
Palladium(II) complexes such as PdCl2(PPh3)2 and
PdCl2(dppf) were not suitable for this coupling. 
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At a higher temperature (110 °C), the reaction with 10
mol% Pd(PPh3)4 proceeded smoothly and the spiro com-
pound 4a was obtained in 70% yield, though the ketone 5a
was still formed considerably (run 3). Although K2CO3

was also efficient as a base like triethylamine, the repro-
ducibility was low (run 4). The reaction worked well in
polar solvents, especially DMF was found to be the best
choice (run 3, 5, 6). 

Addition of molecular sieve 4 Å was efficient to decrease
the formation of ketone 5a, and the yield of 4a was im-
proved to 77% (run 7). The role of molecular sieve is con-
sidered to trap a trace amount of water and acidic
substances to prevent the decomposition of alkylideneam-
inopalladium(II) intermediate to imine, which is then
transformed to ketone 5a.

Table 1 Palldium-Catalyzed Cyclization of O-Pentafluorobenzoate
3a

aIsolated yield.
bn = 2, 4 or 6.
cDMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.
dIn the presence of MS 4 Å.

The present method exhibits a wide generality as shown in
Table 2. Aromatic ketone oxime derivative 3b cyclized to
give 4b in 82% yield (run 1). Tricyclic compound 4c was
obtained in a moderate yield as a 1:1 diastereomer mixture
(run 2). Compared with 3c, 1-tetralone oxime derivative
3d was converted to tetracyclic imine 4d (diastereomer
ratio = 1:1) in a good yield (run 3). Cyclic imine having
ethoxy carbonyl group 4e, which is possible to be utilized
as an intermediate for the synthesis of cephalotaxines by
removal of the ethoxy carbonyl moiety,8.9 was also ob-
tained from the oxime derivative of a-keto ester 3e (run
4).

Table 2 Cyclization of Various O-Pentafluorobenzoyloximes

aIsolated yield.
bThe reaction carried out for 1 h.
cDetermined by 1H NMR.

In a similar manner, triple cyclization occurred smoothly
in the presence of molecular sieve 4 Å to give the bis-spiro
compound 7 as a two diastereomer mixture.10

Equation 2

As described above, spiro imines were synthesized from
oxime derivatives having dienyl and trienyl moieties by
the palladium-catalyzed cascade reaction.

60 34

K2CO3

DMF

DMF

DMF

17-53 78-42DMF

DMPUc

toluene

DMF

OCOC6F5
N

N

Ph

O

Ph
Ph

70 22

60-82 20-5

base 
(5 eq) time / hrun

Yield / %a

T / °C
4a 5a

2

11.580

110

Et3N

Et3N

1110

1

2

Pd(PPh3)4

Pd(PPh3)4

Pd(PPh3)4

solv.
Pd cat.

(10 mol%)

1-880Et3NPd(dba)2 + n PPh3
b

3

4

5

6

58 30.5110Et3NPd(PPh3)4

43 442110Et3NPd(PPh3)4

7d 77 trace0.5110Et3NPd(PPh3)4

conditions

3a

4a

+

5a

EtO2C

N
OCOC6F5

N

EtO2C

Ph

N
OCOC6F5

N

Ph

N
OCOC6F5

N

H

N
OCOC6F5

N

H

oxime

10 mol% Pd(PPh3)4

5 eq. Et3N
product

oximerun

1

2b

3

4

product

3b

3c

3d

3e

4b

4c

4d

4e

3 4

Yield / %a

82

64 (1 : 1)c

 80 (1 : 1)c

 76

DMF, MS 4A
110 °C, 30 min

Ph

N
OCOC6F5

7  77% (3:4)

NPh

6

10 mol% Pd(PPh3)4

Et3N

DMF, MS 4Å
110 °C, 30 min

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



976 M. Kitamura et al. LETTER

Synlett 2001, SI, 974–976 ISSN 0936-5214 © Thieme Stuttgart · New York

References and Note

  (1) For a review, see: (a) Tsuji, J. Palladium Reagents and 
Catalysts; Wiley: Chichester, 1995. (b) Hegedus, L. S. In 
Organometallics in Synthesis; Schlosser, M. Ed.; Wiley: New 
York, 1994.

  (2) (a) Wolfe, J. P.; Wagaw, S; Marcoux, J.-F.; Buchwald, S. L. 
Acc. Chem. Res. 1998, 31, 805. (b) Hartwig, J. F. Acc. Chem. 
Res. 1998, 31, 852. (c) Hartwig, J. F. Angew. Chem. Int. Ed. 
Engl. 1998, 37, 2046.

  (3) Tsutsui, H.; Narasaka, K. Chem. Lett. 1999, 45.
  (4) (a) Huang, L.; Xue, Z. In The Alkaloids; Brossi, A. Ed.; 

Academic Press: New York, 1984; Vol. 23, p. 157. (b) Jalil 
Miah, M. A.; Hudlicky, T.; Reed, J. W. In The Alkaloids; 
Brossi, A. Ed.; Academic Press: New York, 1998; Vol. 51, p. 
199.

  (5) (a) Semmelhack, M. F.; Chong, B. P.; Stauffer, R. D.; 
Rogerson, T. D.; Chong, A.; Jones, L. D. J. Am. Chem. Soc. 
1975, 97, 2507. (b) Isano, N.; Mori, M. J. Org. Chem. 1995, 
60, 115. (c) Yasuda, S.; Yamada, T.; Hanaoka, M. 
Tetrahedron Lett. 1986, 27, 2023. (d) Sha, C.-K.; Young, J.-
J.; Yeh, C.-P.; Chang, S.-C.; Wang, S.-L. J. Org. Chem. 1991, 
56, 2694. (e) Ishibashi, H.; Okano, M.; Tamaki, H.;
Maruyama, K.; Yakura, T.; Ikeda, M. J. Chem. Soc., Chem. 
Commun. 1990, 1436. (f) Tietze, L. F.; Schirok, H. J. Am. 
Chem. Soc. 1999, 121, 10264 and references cited there in.

  (6) (a) Abelman, M. M; Overman, L. E. J. Am. Chem. Soc. 1988, 
110, 2328. (b) Carpenter, N. E.; Kucera. D. J.; Overman, L. E. 
J. Org. Chem. 1989, 54, 5846. (c) Trost, B. M.; Shi, Y. J. Am. 
Chem. Soc. 1993, 115, 9421.

  (7) For a review about Heck reaction including cascade mode, 
see: (a) Negishi, E.-I.; Copéret, C.; Ma, S; Liou, S.-Y.; Liu, F. 
Chem. Rev. 1996, 96, 365. (b) Brase, S.; de Meijere, A. In 
Metal-catalyzed Cross-coupling Reactions; Diederich, F., 
Stang, P. J., Eds.; Wiley-VCH: Weinheim, 1998.

  (8) Although the core skeleton of cephalotaxines is expected to be 
prepared from aldoxime derivative 8, which readily suffer the 
Beckmann fragmentation to give corresponding nitrile 9.

         Equation 3

  (9) Bender, M. L., Mechanisms of Homogeneous Catalysis from 
Protons to Proteins; Wiley: New York, 1971, p. 169.

(10) The stereochemistry of 7 is not determined.

Article Identifier:
1437-2096,E;2001,0,SI,0974,0976,ftx,en;Y03001ST.pdf

H

N
OCOC6F5

NC
10 mol% Pd(PPh3)4

Et3N

DMF
60 °C, 20 min8 9  85%

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


