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By choosing the right substituents either highly functionalized unusual four-membered ring amino acids or the isomeric pipecolic acid derivatives
are obtained in enantiomerically pure form. Starting material is a linear allene-containing amino acid that has been resolved via biocatalysis.

Heteroannulation processes involving unsaturated functional-electrophilic partners, allenes in particular have attracted the

ity and Pd catalysis have been extensively studied over theattention of organic chemists in recent ye&atn all of these
past decadéBeside the use of olefins and acetylenes as the examples the heteronucleophile attacks one of theaon

TDSM Research.
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atoms of the allené.Recently, unprecedented alternative
behavior was reported by our group, where a lactam nitrogen
atom—with a two-carbon tether between the allene and the
nitrogen atom- reacted at the sp carbon atom of the allene
to form five-membered ring enamide&In conjunction with

this work and similar Pd-catalyzed reactions of acetylenic
amino acids in our groupwe wish to present cyclizations
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Hiemstra, H.Synlett1998 1126.
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E.; Marks, T.J. Am. Chem. S0d.998 120, 4871.
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of the linear f-aminoallenes4 (R = H, COMe; P =

amine!! The enantiomerically pure allene-containing amino

protecting group), where the allene and the amine are alsoacid 8 was prepared via an enzymatic resolution of the

separated by a two-carbon tether (Scheme 1).
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In this case, four- and six-membered ring amines and
amino acids are obtained with high selectivityterestingly,
attempts of the group of Yamamoto to cyclize such an
unsubstituteg@-aminoallene (viz 4, R=H, P=Ts) failed,
resulting in the isomerized diene proddctery recently,
the group of Kang presented a single example of the
cyclization of this unsubstituted aminoallene, where in a
moderate yield both the four- and six-membered heterocycle
were obtained in a 2:1 ratio. The latter example, however,
is rather limited in terms of selectivity, substitution pattern,
and yield® Our method, on the other hand, hotds
addition to the selective formation of four- and six-membered
rings—a promising potential for introduction of various R

corresponding racemic amide(Scheme 2§?
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The latter compound was synthesized via (i) alkylation of
the glycine-derived ketiming' with 4-bromo-1,2-butadiene
(prepared from 2,3-butadierbivith Br,PPh and imidazole),

(i) acid hydrolysis of the ketimine to givé and (iii) reaction
with agueous ammonia affording the amino acid amide
Subjection to the enzymatic resolution conditions (aminopep-
tidase produced blyseudomonas putidaTCC 126336 pH

8.5, 37°C, 60 h}” and separation of the resulting acid and

substituents and thus arrive at unique enantiopure amino acichmides provided the §)-acid 8 in 44% vyield and 82% ee

derivatives.

after purification by ion exchange chromatographyrhe

The starting aminoallenes were synthesized as follows. The(Rr)-amide7 was hydrolyzed by subjection to a nonspecific

unsubstitutegi-aminoallene4 (R = P = H) was obtained
via a literature procedure, involving a Crableaction of
3-butyn-1-ol and conversion of the resulting alcohol into the
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(benzyl ester): (f) Dunn, M. J.; Jackson, R. F. W.; Pietruszka, J.; Turner,
D. J. Org. Chem1995 60, 2210.
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(15) The amide was separated from residual acid via formation of the
Schiff base (PhCHO, ¥, pH ~9), extraction from the water layer, and
precipitation upon hydrolysis in acetone using 1 equiv of HCI.

(16) The aminopeptidase was generously provided by DSM Research.

(17) For related examples, see: (a) Schoemaker, H. E.; Boesten, W. H.
J.; Broxterman, Q. B.; Roos, E. C.; Kaptein, B.; van den Tweel, W. J. J.;
Kamphuis, J.; Rutjes, F. P. J. Thimia1997 51, 308-311. (b) Schoemaker,

H. E.; Boesten, W. H. J.; Kaptein, B.; Roos, E. C.; Broxterman, Q. B.; van
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718

amidase produced byRhodococcus erythropolidNCIB
11540°to afford (R)-8 in 35% yield (two steps) ang98%
ee.?0

Functionalization to the cyclization precursors proceeded
by using standard methodology leading to the desired
precursors9—10 and 21—-24 in good yields and without
detectable racemization. The cyclization results for the
unsubstituted aminoallen®@and 10 are shown in Table 1.
Application of the cyclization conditions (10 mol % Pd-
(PPh)4, 5 equiv of KCO;, and 5 equiv of RX, DMF, 80
°C)* onto allene9 (entry 1) led in 30 min to complete
conversion, affording a 67:33 ratio of the four- and six-
membered ringd.6a and b, respectively, which is in line
with the result of Kang® Upon prolonged reaction times,
this ratio changed in favor of the six-membered ring (entry
2)2! Use of the pyridine-derived iodid&3 gave a similar

(18) The ee was determined using chiral HPLC (Crownpak ©R(
following a known protocol: Miyazawa, T.; lwanaga, H.; Yamada, T.;
Kuwata, S.Chem Express1991 6, 887.

(19) Boesten, W. H. J.; Cals, M. J. H. U.S. Patent 4 705 752, 1987;
Chem. Abstr1987 105 170617k.

(20) By using an aminopeptidase produced by a genetically modified
Escherichia colistrain both enantiomers were produced in a single run in
>98% ee. This experiment, however, has not yet been carried out on a
preparative scale. Sonke, T.; Boesten, W. H. J.; Broxterman, Q. B.;
Kamphuis, J.; Formaggio, F.; Toniolo, C.; Rutjes, F. P. J. T.; Schoemaker,
H. E. In Stereoselecte Biocatalysis HandboolPatel, R. N., Ed.; Marcel
Dekker, in press.
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Table 1
Pd(PPhg) R /
N> p RN T N
DMF, 80 °C P P
9(P=Ts)
10 (P = Ns) a b
entry substrate R'X time ratio (ab)? product (yield)b
1 9 Phi 05h 67:33 16 (67%)
2 9 Phl 40h 10:90 16 (34%)
Cla» | 13
3 9 SN 4h 25:75 17 (55%)
tBu
4 9 14 10 min 100:0 18 (34%)
OTf
5 9 15 15 min 95:5 19 (41%)
nBu OTf
6 10 PhI 4h 0:100 20 (55%)

“Determined by analysis of the TH NMR data of the crude mixture. “Combined
isolated yield after column chromatography.

result, with the six-membered ring being the major isomer
(entry 3). In contrast, reactions with the vinyl triflatéd
and15led to pleasing results. The azetidib@awas formed
selectively by using triflatd 4 (entry 4), while reaction with
triflate 15 gave a selectivity of 95:5 in favor of the four-
membered rind.9a(entry 5). On the other hand, subjection
of aminoallenel0—protected with the more easily removable
p-nitrobenzenesulfonyl (Ns) groufio these reaction condi-
tions provided the tetrahydropyridi@®b selectively in 55%
yield (entry 6).

To study the influence of the ester substituent, the
enantiopure amino acid derivative4—24 were subjected
to identical cyclization conditions (Table 2). Initiallg1 was

Table 2
1
O L e
: 2!
HN">C0Me [+ SN come
P solvent, T P’ '/COZMe [
21 (P =Ts) 23 (P = COMe) a b
22 (P =Bn) 24 (P = Ac)
entry allene R'X  solvent T(°C) time ratio (ab)® product (yield)®
1 201 Phl DMF 80 4h 0:100 25 (78%)
2 21 Phl DMF rn 4h 50:50 25 (80%)
3 21 Phl DMF 80 10 min 70:30 25 (84%)
4 21 Phl THF 60 1.5h 88:12 25 (45%)
5 21 14 DMF 80 15min 8812 26 (96%)
6 21 15 DMF 80 10 min 95:5 27 (77%)
7 22 Phl DMF 70 3h 0:100 28 (76%)
8 23 Phl DMF 8 16h 42:58 29 (33%)
9 24 Phl DMF 80 2h 67:33 30 (12%)

Determined by analysis of the 'H NMR data of the crude mixture. “Combined
isolated yield of 20 and 21 after flash chromatography. In all entries, both products
were obtained without loss of enantiopurity according to chiral HPLC (Chiralcel
0oD).
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treated under similar conditions &for 4 h (entry 1),
resulting selectively in the pipecolic acid derivati2gb in
78% vyield. Closer examination of the conditions revealed
that with shorter reaction times a considerable amount of
the four-membered rin@5a was formed as a singleis-
isomer.

The best example is shown in entry 3: the reaction was
finished in 10 min, with25a being the major product.
Surprisingly, the reaction also proceeded at room tempera-
ture, but did not show any selectivity (entry 2). To improve
the ratio in favor of the four-membered ring, different
parameters (temperature, solvent, and reaction time) were
varied, resulting in a maximum selectivity of 88:12 (THF,
60 °C), albeit the yield was moderate (entry 4). Again,
interesting results were obtained by using the vinyl triflates
14 and 15. This led to fast reactions (finished in 10 min)
and excellent yields of the four-membered amino a2iéls
and27a with only a small degree of formation of the six-
membered rings (entries 5 and 6). The benzylated precursor
22 led in a clean reaction to the pipecolic es?&b (entry
7). This result is in accord with previous reports on
cyclizations of amines onte-allylpalladium intermediates,
where also complete conversion into the thermodynamic
product was encounteréd.Introduction of a methyl car-
bamate (entry 8) or an amide function (entry 9) did not lead
to satisfactory results: the low yields did not encourage
further investigations into optimization of the product ratio.
Interestingly, the carbamate-functionalized azetidine e&tar
was the only product that gave crystals that could be
subjected to an X-ray structure determination. Thus, the
structure and absolute orientation of the substituents in the
azetidine were unambiguously established (Figuré 1).

Figure 1. Crystal structure oR9a

An explanation for these results can be found by consider-
ing the different pathways that play a role (Scheme 3).
Initially, reaction of the allene with the in situ formed

(21) A similar ring expansion (from three- to five-membered rings) has
been reported previously: Fugami, K.; Morizawa, Y.; Oshima, K.; Nozaki,
H. Tetrahedron Lett1985 26, 857.

(22) Review: Trost, B. MAngew. Chem., Int. Ed. Endl989 28, 1173.

(23) X-ray data for29a CisH1/NO; M; = 227.3; monoclinicCc, a =
12.994(2)b = 9.907(1),c = 10.371(2) A;3 = 111.36(1); V = 1243.4(3)

A3 Z=4,D,=1.21 g cm3; 2(Cu Ka) = 1.5418 A,u(Cu Ka) = 5.57
cm™L; F(000)= 488,—25°C. FinalR = 0.040 for 1064 observed reflections.
Crystallographic data (excluding structure factors) have been deposited with
the Cambridge Crystallographic Data Centre as supplementary publication
no. CCDC-114107.
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organopalladium(ll) species will give rise to the more stable
synz-allylpalladium complex3,?* which viaz—o—ax isomer-
ization can be converted to the more hindeset-isomer?®
The synisomer can only cyclize in a éxo-trig-fashion
to give the kinetic productl. The four-membered ring,
however, can under the influence of Pd(B)Rbndergo ring
opening to regenerate theallylpalladium complex, which
eventually via the equilibrium with thanti-complex under
the reaction conditions can isomerize to the thermodynami-
cally more stable six-membered ring?¢ The rate of
isomerization will depend on the substituents P ahdMRr
example, for R = alkenyl, it is more difficult to form the

results in attack of the nitrogen on the central sp allene carbon
atom under similar reaction conditions, providing the cor-
responding five-membered rirgp.>°

Scheme 4
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In conclusion, we have shown that Pd-catalyzed cycliza-
tions of f-aminoallenes can selectively lead to four- or six-
membered nitrogen heterocycles without loss of optical
activity in high yields. In particular vinyl triflates show a
promising selectivity in the cyclization processes leading to
the four-membered rings. In addition, we have shown that
via conversion into the more restricted oxazolidinone ana-
logues, the corresponding five-membered rings are also
accessible in both theRf- and §-conformation. The
mechanistic basis of this remarkable behavior is currently
under further investigation.
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enhances the isomerization process in such a way that thedetermination.

four-membered ring is no longer observed.

Thus, by changing different parameters either four- or six-
membered ring formation is observed resulting from attack
of the nitrogen onto one of the %pllene carbon atoms.
Remarkably, a slight substrate modificatieaster reduction
followed by oxazolidinone formation (viz31, Scheme 4}

(24) An alternative cyclization mechanisractivation of the allene by
the organopalladium(ll) species as theomplex followed by nucleophilic
attack of the nitrogen, which has been proposed by Walkup (ref 3c,d) and
Gallagher (ref 2f), cannot be ruled out.
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(25) For a similar discussion, see: Ahmar, M.; Cazes, B.;"Gdre
Tetrahedron Lett1985 26, 3795.

(26) The four- to six-membered ring isomerization was proven in a
separate experiment via subjection 28a to the cyclization conditions,
resulting in complete conversion into the tetrahydropyrididé.
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