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ABSTRACT

Catalytic
Cycloisomerization-Reductive Amination
Sequence

/= SIM& by, (dba),, N-Ac-Phe] P

X
X
\N then: RRINH, H, (1 atm), rt NRR'

OH 5177 % X =0, NTs

iMe,

Alkyne allyl alcohols are readily transformed into f-amino ethyl alkylidene tetrahydrofurans or ~ f-amino ethyl alkylidene pyrrolidines in a
Pd-catalyzed cycloisomerization-reductive amination sequence with remarkable chemoselectivity leaving benzyl groups and trisubstituted
double bonds intact.

Sequential transition metal catalysis is a conceptually chal- an intriguing starting point for the development of novel
lenging field of research and has recently aroused consider-sequential one-pot transformatiddust recently, as part of
able interest. Most remarkably, without further catalyst our program directed to initiate new multicomponent reac-
addition a particular metal complex readily shifts gears to tions, one-pot sequences, and domino processes based upon
catalyze further transformations either in a parallel or in a transition-metal-catalyzed in situ activation of alkyfege
sequential fashiohAdditionally, one-pot transformations are  have disclosed palladium-catalyzed cycloisomerizations of
economically and ecologically highly intriguing for develop- yne allyl alcohol substrates §gd-enals and their subsequent
ing efficient new synthetic processes. Transition-metal- stoichiometric Wittig reactions to carbo- and heterocyclic
catalyzed reactions can be directed in a domino fashion, 2,6-diene carbonyl compounélas well as Leuckart-Wallach
generating a suitable reactive functionality en réutenong reactions tg8-amino ethyl alkylidene tetrahydrofurabblere,
numerous reorganization processeg-@lectron systems the  we report first attempts to conduct sequential catalysis after
intramolecular Pd-catalyzed Alder-ene reactién,e., the palladium-catalyzed cycloisomerizations of yne allyl alcohols
cycloisomerization of a 1,6-enyne to a 1,3-diene, representsin a one-pot fashion.
In screening experimeritave found that the rate of
t Dedicated to Prof. Dr. Giinter Helmchen on the occasion of his 65th Palladium-catalyzed cycloisomerizations of yne allyl alcohol

birthday.
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substrates tg/,0-enals is largely dependent on thk,pmof

deduced from the appearance of significant cross-peaks

the cocatalytic organic acid that can even be applied in (olefinic methine signals and thee-methylene proton reso-

substoichiometric amounts of formic acid such as 10 mol %
with respect to alkynyl allyl alcohols. A survey of readily
accessible acids brought our focus toheteroatom-
substituted carboxylic acids.

Therefore, upon reacting the alkyne allyl alcohbésand
1b° in the presence of 4 mol % of Rdba)-CHCI; and 20
mol % of rac-N-acetyl phenylalanine in 1,2-dichloroethane

at room temperature for 15 min, the expected cycloisomer-

ized product®a and2b were obtained in good to excellent
yields (Scheme 11! Attempts to achieve the cycloisomer-

Scheme 1. Pd-Catalyzed Cycloisomerization of Yne Allyl
alcohols1 with 20 % N-Acetyl Phenylalanine as Acid
Cocatalyst

cocatalyst
SiMe,

7
X
0

2a, X = O (85 %)
2b, X = NTs (96 %)

4 % Pd,(dba), - CHC,
20 % N-Ac-Phe,

,—=—SiMe,
X
\N
OH

1a, X=0
1b, X = NTs

dichloroethane
rt, 15 min

ization of 1 with (S)-N-acetyl phenylalanine in an enantio-
selective fashion have remained unsuccessful so far.
The structures of the tetrahydrofuran-3-yl-acetaldelRale
and pyrrolidin-3-yl-acetaldehyd2b were unambiguously
supported by spectroscopic analyséd, (*3C and DEPT,
COSY, NOESY, HETCOR, and HMBC NMR experiments,
IR, UV—vis, mass spectrometry). Most characteristically for
the furan derivative® bearing a stereogenic center at C4,

all methylene protons are diastereotopic and appear in the
1H spectra as well-resolved discrete signals with the dominant

geminal ¢J = 18 Hz) and vicinal coupling constants.

Characteristically, the aldehyde methine resonances can be

found betweerd 9.7 and 9.9, whereas the olefinic protons
of the exocyclic double bonds can be detected betwken
5.3 and 5.5. TheZ-configuration can be unambiguously

nances to the aldehyde) in the NOESY spectra. Accordingly,
the suggested structures are supportetf®NMR and mass
spectra, and the molecular composition is confirmed either
by HRMS or elemental analysis. In the IR spectra the
dominant carbonyl valence vibration between 1711 and 1725
cm ! is most characteristic for aliphatic aldehydes.

These two showcases clearly demonstrate that the Pd-
catalyzed cycloisomerization can be performed in the pres-
ence of catalytic amounts of a carboxylic acid with suitable
acidity. Additionally and apparently, the catalyst system
seems to be considerably more stable than under our
previously applied conditiofsusing formic acid in excess.
Neither precipitation nor a change in color of the catatyst
product solution can be detected. This observation encour-
aged us to test the possibility of performing sequential
catalysis with the obviously intact Pd catalyst system.
Therefore, upon reacting the alkyne allyl alcohls the
presence of 4 mol % of B@ba)-CHCIl; and 20 mol % of
rac-N-acetyl phenylalanine in 1,2-dichloroethane at room
temperature for 15 min and upon subsequently adding a
secondary amin® to the reaction mixture and placing a
hydrogen filled-balloon (1 atm) on the reaction vessel, the
p-amino ethyl alkylidene tetrahydrofuradsind pyrrolidines
5 were obtained in moderate to good yields (Scheme 2, Table
1)_10,12

Scheme 2. Sequential Pd-Catalyzed
Cycloisomerization-Reductive Amination Reaction

—==—SiMe, 4 % Pd,(dba),- CHCI, SiMe,
X 20 % N-Ac-Phe, s
x X
dichloroetr}ane NRR'
rt, 15 min
then: 2 equiv RR'NH (3),
1(X=0,NTs) H,(1atm),rt,24h  4:X=0(51-76 %)

5:X = NTs (63-77 %)

The structures of th8-amino ethyl alkylidene tetrahydro-
furans4 andg-amino ethyl alkylidene pyrrolidineS were

(9) The synthesis of alkynyl allyl alcohol substrates were performed
according to Sajiki, H.; Hirota, KTetrahedrorl998 54, 13981. The detailed
protocols will be described elsewhere.

(12) Typical Procedure (Compound 4g).To a solution of 41 mg (0.04
mmol) of P@(dbay-CHClz in 10 mL of dichloroethane in a ground necked
vessel were added 0.198 g (1.00 mmol)lefand 42 mg (0.20 mmol) of

(10) All compounds have been fully characterized spectroscopically and rac-N-acetyl phenylalanine. The reaction mixture was stirred at room

by correct elemental analysis or HRMS, respectively.

(11) Typical Procedure (Compound 2a).To a solution of 42 mg (0.04
mmol) of Pd(dbay-CHCl; in 10 mL of dichloroethane in a screw-cap vessel
were added 0.198 g (1.00 mmol) b& and 42 mg (0.20 mmol) afac-N-

temperature for 15 min. Then, 226 mg (2.00 mmolBgfwere added, and

an H, atmosphere was introduced into the vessel. The reaction mixture was
stirred at room temperature for another 2 h and then diluted with 150 mL
of diethyl ether. After filtration the solvents were evaporated in vacuo, and

acetyl phenylalanine. The reaction mixture was stirred at room temperature the residue was immediately chromatographed on basic alumina (Brock

for 15 min and then diluted with 150 mL of diethyl ether. After filtration

Mann activity IV) (hexane/diethyl ether 3:1) to give 193 mg (65%ygf

the solvents were evaporated in vacuo, and the residue was immediatelyas a colorless oitH NMR (CDClz, 300 MHz): 6 = 0.06 (s, 9 H), 0.97—

chromatographed on silica gel to give 0.169 g (85%&és a pale yellow
oil. *H NMR (CDCls, 300 MHz): ¢ = 0.09 (s, 9 H), 2.56 (ddd] = 1.1,
7.7,18.0 Hz, 1 H), 2.77 (ddd,= 1.1, 4.6, 18.0 Hz, 1 H), 3.043.17 (m,

1 H), 3.46 (dd,J = 6.6, 8.9 Hz, 1 H), 4.13 (dd) = 7.2, 8.7 Hz, 1 H),
4.25—-4.39 (m, 2 H), 5.41—-5.46 (m, 1 H), 9.82 (s, 1 HC NMR (CDCk,
75.5 MHz): 6 = 0.00 (CH), 40.4 (CH), 47.0 (Ch), 70.5 (CH), 72.7 (CH),
118.4 (CH), 158.7 (Gua), 200.8 (CH). IR (neat):# [cm~1] 2954, 2897,
2837, 2722, 1725, 1633, 1406, 1248, 1064, 935, 839, 692. EI MS (70 eV,
m/z (%)): 198 (Mt, 4), 183 (M" — CHjs, 6), 168 (M — CHg, 21), 155
(M* — H3CCO, 14), 108 (18), 101 (30), 75 (68), 73 ([Si(§k", 100).
HRMS calcd for GoH1g0,Si: 198.1076. Found: 198.1066. Anal. Calcd
for C10H180,Si (198.3): C 60.56, H 9.15. Found: C 60.04, H 9.02.

2238

1.30 (M, 5 H), 1.36-:1.52 (m, 1 H), 1.541.65 (m, 1 H), 1.671.86 (m, 5
H), 2.22 (s, 3 H), 2.2%2.52 (m, 3 H), 2.53—2.67 (m, 1 H), 3.43 (dii=
7.3, 8.3 Hz, 1 H), 4.01 (dd] = 7.3, 8.4 Hz, 1 H), 4.264.36 (m, 2 H),
5.37-5.42 (m, 1 H)33C NMR (CDCk, 75.5 MHz): 6 = —0.6 (CHs),
25.9 (CH), 26.0 (CH), 26.3 (CH), 28.3 (CH), 28.8 (CH), 30.8 (CH),
37.6 (CH), 44.6 (CH), 51.7 (Ch), 62.7 (CH), 70.7 (CH), 73.2 (CH),
117.0 (CH), 160.5 (Ga). IR (neat): ¥ [cm™Y 2929, 2853, 2791, 1717,
1633, 1451, 1248, 1118, 1061, 936, 839, 691. El MS (70 ra¥z,(%)):
295 (M*, 16), 280 (M" — CHs, 10), 252 (18), 222 (17), 162 (21), 126
([CaHleN]Jr, 100), 73 ([SI(CH)3]+, 45). HRMS calcd for (1:7H33NOSiZ
295.2331. Found: 295.2321. Anal. Calcd. fardzaNOSI (295.5): C 69.09,
H 11.25, N 4.74. Found: C 69.26, H 11.09, N 4.87.
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Table 1. Cycloisomerization-Reductive Amination Sequence of Yne Allyl Alcohtdsand 1b to 5-Amino Ethyl Alkylidene
Tetrahydrofurangl or -Amino Ethyl Alkylidene Pyrrolidine?

entry  yne allyl alcohol 1 amine 3 B-amino ethyl alkylidene tetrahydrofurans 4 or
B-amino ethyl alkylidene pyrrolidines 5 (yield)”
N J SiMe,
1 1a piperidine (3) Q
0 4a (76 %)

N / SiMe,
2 la pyrrolidine (3b) Q/H

o 4b (68 %)
J SiMe,
3 la morpholine (3¢) (_ }W
o o 4c (65 %)
ELN J SiMe,
4 la diethylamine (3d) &
0 4d (51 %)
/H\SM%
5 la N-methyl piperazine (3e) (N—} o
H,C 4e (61 %)
nBU‘N / SiMe3
6 1a "butyl methyl amine (3f) CH,
0 4f (53 %)
Q JSiMte,
7 1a cyclohexyl methyl amine (3g) NCH
Y 4g (65 %)
Me0\©\ J—SiMe,
8 1a N-methyl-p-methoxy aniline (3h) N;—H\
>0 4h (63 %)
/SiMe,
i . anN
9 1a N-methyl benzylamine (3i) CH
* o 4i (72 %)
N ﬁi_f/\SiMe3
10 1b 3a Q .
1
Ts 5a(63%)
”Bu~N/HS[Me3
11 1b 3f CH: Ny
1
Ts  5b(63%)
By KH\&M%
12 1b 3i CH; Ny
1
Ts S¢ (77 %)

a Reaction conditions: 1.0 equiv of yne allyl alcoh@sor 1b (0.1 M in dichloroethane), 0.2 equiv dEkacetyl-phenylalanine, 0.04 equiv of fdbay-CHCl;
after 15 min addition of 2 equiv of secondary amBel atm H. P Yields refer to isolated yields of compoundsr 5 after flash chromatography on basic
alumina to be=95% pure as determined by NMR spectroscopy and elemental analysis and/or HRMS.

unambiguously supported B, *C and DEPT, H-H- and HRMS and/or elemental analysis. To the best of our
H—C-COSY NMR experiments, IR, and mass spectrometry. knowledge this is the first cycloisomerization-reductive
As indicated before, the methylene protons are diastereotopicamination reaction sequentially catalyzed by palladium
TheZ-configuration of the exocyclic double bonds is retained complexes. Furthermore, in homogeneous phase reductive
under the reaction conditions and can be deduced from theaminations of carbonyl compounds with hydrotfear formic
appearance of significant cross-peaks in the NOESY NMR acid as reducing agents, only rhodium and iridium com-
spectra. Their signals are detected in theNMR spectra
betweend 5.30 and 5.50. Additionally, th&#*C NMR and (13) Tararov, V. I.; Kadyrov, R.; Riermeier, T. H.; Fischer, C.; Bérner,
mass spectra support the structures of compodnaisd 5 A Adv. Synth. Catal2004,346, 561,

8 o . 8 . (14) Kitamura, M.; Lee, D.; Hayashi, S.; Tanaka, S.; YoshimuraJM.
and their molecular composition is confirmed either by Org. Chem2002,67, 8685.
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plexes have proven to be effective so far, whereas in double bonds (all examples) can be carried untouched
heterogeneous phase reductive aminations palladium onthrough the sequence, rendering the Pd-catalyzed cyclo-
carbon is effective, but with low chemoselectivity. isomerization-reductive amination sequence a remarkably
In contrast to our previously published cycloisomerization- chemoselective, valuable, and yet quite atom-economical
Leuckart-Wallach sequenéehis new sequential catalysis access tos-amino ethyl alkylidene tetrahydrofurans and
requires hydrogen as a reducing agent, as wellagsN- pyrrolidines.
acetyl phenylalanine and Kdba)-CHCI; as catalysts if the In conclusion, we have developed a sequential Pd-
second step is performed independently and after isolationcatalyzed cycloisomerization-reductive amination reaction of
of the enal®. Therefore, no conversion to the tertiary amines yne allyl alcoholsl, secondary amine8, and hydrogen
4 or 5is detected if either of these components are left out. giving rise to-amino ethyl alkylidene tetrahydrofurads
At this stage the Pd species that is responsible for the catalyticor pyrrolidines5 in good yields. Applyingrac-N-acetyl
reductive amination step is still unknown. Mechanistic phenylalanine as acid not only lowers the cocatalyst loading
investigations elucidating this remarkable catalyst system areto catalytic quantities but also enhances the stability of the
currently in progress. catalyst system. Additionally, the stage is set for sequential
Cyclic (Table 1, entries 13, 5, and 10), aliphatic (entries catalysis. Interestingly, the Pd-catalyzed reductive amination
2,4,6,7,9, 11, and 12), ard-alkyl anilines (entry 8) as with hydrogen as a reducing agent in homogeneous phase
secondary amines can be applied in the reductive aminationProceeds smoothly and with remarkable chemoselectivity,
step. Preliminary results in our lab suggest that also groups€-9., leaving trisubstituted double bonds and benzyl groups
different from trimethylsilyl may give satisfactory results. untouched. Studies addressing this unusual catalyst system,
Therefore, this consecutive, mild (room temperature), straight- its generality in reductive aminations, and the scope of this
forward (1 atm of hydrogen), catalytic sequence (Scheme New sequential catalytic process to enhance molecular

3) encompasses a fairly broad methodological scope. Sur-diversity in pharmaceutically interesting targets are currently
under investigation.

_ Acknowledgment. This work was supported by the

Scheme 3. Sequential Catalytic Approach f&Amino Ethyl Deutsche Forschungsgemeinschaft (SFB 623). Financial
Alkylidene Tetrahydrofurans and Pyrrolidines support by the Fonds der Chemischen Industrie and the Dr.-
Otto-R6hm Gedé&chtnisstiftung is gratefully acknowledged.
The authors also cordially thank cand.-chem. Martin Maurer
and Ms. Michaela Schmitt for experimental assistance and
the BASF AG for the generous donation of chemicals.

Supporting Information Available: Experimental pro-
cedures and characterization of compouddsnd 5. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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