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A highly efficient method for constructing heterocycles was achieved by phosphine-catalyzed tandem umpolung addition and intramolecular
conjugate addition. This strategy offers a simple and promising method for constructing synthetically useful heterocycles under neutral conditions
with high atom economy.

Heterocycles are of broad interest for both synthetic and adduct would have not only a nucleophilic center but also
pharmaceutical chemistsAmong the well-documented an electrophilic center (the electron-deficient double bond)
synthetic methods, tandem reactions are always chosen taequired for an intramolecular conjugate addition. Although
construct heterocycles with high efficientéyHowever, there were some reports concerning this strategy, a general
efficient and applicable approaches to form heterocycles viaapproach to construct heterocycles on the basis of this
tandem nucleophilic additions still remain rare. Tandem strategy still needs to be developeurthermore, conjugate
nucleophilic additions can be achieved by adding a bifunc-

tional nucleophile to an electron-deficient multiple bond (a . (3) (S) ’\TArosLt_, Eé- IE]/IJ Lk CCJhJ AmS- ig%rz-li%dfgélél? )3%67- (?3)
H H H rost, B. M.; Li, C. . AM. em. S0 . (c) Trost, B.

_blfunct|onal electrop_h|le, e.g., an aIIen_e or an aIkyne) and M.; Dake, G, RJ. Org. Chem1997 62, 5670, (d) Dake, G. R.; Trost, B

intramolecular trapping of the intermediary monofunctional M. J. Am. Chem. S0d997, 119, 7595. (€) Zhang, C.; Lu, XSynlett1995

i i ili 645. (f) Lu, X.; Zhang, C.; Xu, ZAcc. Chem. Re2001, 34, 535. (g)
nUCIEOphIIe with the prqperly quated ele'ctrophl'hc ce;ntgr Alvarez-lbarra, C.; Cdey, A. G.; de la Oliva, C. GTetrahedron Lett1999
formed from the preceding addition reaction. With this in 4q g46s.

mind, our attention was turned to the phosphine-catalyzed (4) For recent reports on phosphine-catalyzed reactions, see: (a) Wang,

" - . . L.-C.; Luis, A. L.; Agapiou, K.; Jang, H.; Krische, M. J. Am. Chem. Soc
umpolung @- or y-) addition reactior®:* If a bifunctional 2002 124, 2402. (b) Frank, S. A.. Mergott, D. J.: Roush, W. R.Am.

nucleophile was used in the addition reaction with an Chem. Soc2002 124, 2404.
electron-deficient alkyne or allene, the resulting umpolung _, (5) (@) Trost et al. reported that the ring-opening product of taelduct
! of Meldrum’s acid and alkynone was sufficiently active to effect cyclization
to afford y-butyrolactone; see ref 3a. (b) Liu et al. reported a phosphine-
(1) Newkome, G. R.; Paudler, W. WContemporary Heterocyclic catalyzed annulation of thioamides and 2-alkynoates or 2,3-dienoates for
Chemistry: Syntheses, Reactions and Applicatidiey: New York, 1982. constructing substituted thiazolines; see: Liu, B.; Davis, R.; Joshi, B.;
(2) Ho, T.-L. Tandem Organic ReactiongViley: New York, 1992. Reynolds, D. W.J. Org. Chem?2002 67, 4595.
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addition can also be catalyzed by a tertiary phosphine, || NG
implying that the heterocycles could be formed by the 1 pie 1. Phosphine-Catalyzed Tandem Nucleophilic
phosphine-catalyzed tandem reactions (Scheme 1). In thispggitionsga

allenes or T(°C)/ yield
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regard, we report herein tandem reactions involving um- =-cor 3d 04%(
polung addition and conjugate addition of a bifunctional ¢ la R=OBn 110748 con
nucleophile to an electron-deficient alkyne or allene catalyzed sf 71
Initial efforts focused on the tandept and-additions. _
Heating a mixture of cyclohexan-1,3-dione (a carbonucleo- ¢ /" "
; ; ; = 3b R=Me 80/24 COR
phile as well as an oxygenucleophile) with ethyl 2,3- 1d X=NTs s5h 93
. . : o el
butadienoate in toluene at 11 using 5 moI. %o tri 9 1d 3cR=Ph 804 i 81#
phenylphosphine as the catalyst gave 29% vyield of the 10° 1d 3e R=Cy 80/24 5§ 9
expected cyclized produbt and 48% yield of the-adducts n leX=0  3b 80/24 5k 66
. : 12°¢ 1e 3e 80/24 51 66°
6a and 6b (Scheme 2). Using other phosphines such as o e
1¥ 14 4aRoOEt 8024 s
14 1d 4f R="Pr 80/24 5n 838
Scheme 2
M
PhgP 15" TSN NHTS g 80/72 T 88
L:\L . (5 mol %) o o oH 1f COLEt
COLEt o * 50
° 0 z PhMe _
110°C COzEt CO,Et aReaction conditions: a solution of bifunctional nucleophile (0.5 mmol),
. ) . allene or alkyne (0.5 mmol), and gh (0.1 mmol) were heated at the
1a 2a 5a (29%) cis 6a (27%) indicated temperature. For details of the reaction conditions, see ref 8.

bisolated yieldc Used 0.025 mmol of Pf.d Solution of 1 equiv of
trans 6b (21%) allenone in toluene was added dropwise to the solution of 5 equiv of 1,3-
dicarbonyl compound in toluene, and the yields were based on the allenone.
e CH3CN was used as solveritToluene-CH3;CN(v:v = 4:1) was used as
a solventd Alkynone (1.1 equiv) in toluene or GJEN was added dropwise.

tributylphosphine, dppe, a more polar solvent (THF zsCN)
or a buffer system (HOAc, NaOAc) did not give satisfactory
results. In view of the fact that conjugate addition can also
be catalyzed by tertiary phosphirfathe catalyst loading was
enhanced. To our delight, 68% vyield 6& was obtained
when 20 mol
1).

With the preliminarily optimized condition in hand, the
scope of the phosphine-catalyzed tandem reactions was teste

by the reaction of a number of 1,3-dicarbonyl compounds
as well as other bifunctional nucleophiles with electron-
deficient allenes or alkynes, and the results are summarized
o n Table 1.
7 triphenylphosphine was used (Table 1, entry Reaction of 1,3-dicarbonyl compounds with electron-
deficient allenes catalyzed by triphenylphosphine afforded
ihydrofuran derivatives with good yields (entries-9).
witching the electron-withdrawing group from an ester
(6) For phosphine-catalyzed conjugate addition to electron-deficient group to a k_etone group (entries-4) resulted in low_er
alkenes, see: (a) White, D. A.; Baizer, M. Metrahedron Lett1973 3597. catalyst loading (5 mol %) and more smooth conversion to
(b) Yoshida, T.; Saito, SChem. Lett1982 1587. (c) Gmez-Bengoa, E.;  the cyclized product, indicating that tandem nucleophilic

Cueva, J. M.; Mateo, C.; Echavarren, A. M.Am. Chem. Sod 996 118 . . .
8553. (d) Lumbierres, M.; Marchi, C.; Moreno-Ma)a\l.; Sebastia, R. additions were favored by a stronger electron-withdrawing

M.; Vallribera, A.; Lago, E.; Molins, EEur. J. Org. Chem2001, 2321. group.

(7) For stoichiometric multistep additions on vinyl-triphenylphosphonium - . .
salt to afford heterocycles, see: Cristau, H. J.; Fonte, M.; Torreiles, E. Electron-deficient alkynes' Synthetlca"y equ'valem to the

Synthesi€1989 301 and references therein. electron-deficient allenes in the phosphine-catalyzed um-
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polung addition reactionswere subject to similar reaction
conditions and gave cyclized products in good to excellent Scheme 3

yield (entries 6 and 7). \
ph§9 E)Nu(e\NUZH )

Reaction of bifunctional nitrogennucleophile 1,2-bigf
toluenesulfonylamino) ethane with electron-deficient alkynes

afforded piperazine derivatives in good to excellent yields tG\Nqu TN
(entries 8-10). When the nitrogenoxygen bifunctional Nu'H  Nu? Nu'  Nu?
nucleophile 24¢-toluenesulfonylamino) ethanol was used, \o_ Phy | E \_<-
morpholine derivatives were obtained in moderate yields Ph@jE E
(entries 11 and 12)Encouraged by the above results, tandem o : mlﬁ-i Tphap
o- and g-additions were also realized by the reaction of o E E Q
1-hexyn-3-one or ethyl propiolate with the bifunctional = PhsP E mqu
nucleophileld (entries 13 and 14). It is noteworthy that the E onp )\—'\_j
seven-membered heterocycle, a diazepane derivative, was ° €
also obtained in high yield (entry 15). Moreover, the synthetic PhsP
utility of the tandem reactions was exemplified by the wa
synthesis of piperazine-2-carboxylic aéfta precursor for I 2/’\ , ___(
the synthesis of CP®!1and Crixivant? Detosylation and Nu’H  Nu E
hydrolysis of the ester group &m in one pot using 48% Ph(ﬂgf@é J PhsP
HBr gave piperazine-2-carboxylic acid dihydrobromide in Ph (g/:QE N 4
71% yield. ? N
A possible mechanism was illustrated in Scheme 3. The /7~ \ NuH  Nu' Nu® Nu

reaction was triggered by nucleophilic addition of a tri- Nu'H - NuH @@‘( \—(
phenylphosphine to the electron-deficient multiple bond.

Then, the zwitterionic intermediate deprotonated the pro- =+ 1/@‘\ ,
nucleophile, which facilitated the umpolung addition. Proton Phg E Nu"™ NuH
transfer and elimination of the triphenylphosphine from the
resulting zwitterionic intermediate gave the corresponding
umpolung adducty- or a-adduct). Finally, the umpolung
adduct effected intramolecular conjugate addition reaction
in the presence of the triphenylphosphine. Although a
detailed mechanistic study was not undertaken, preliminary
results concerning the role of phosphine in the intramolecular

conjugate addition step were given by the control experiment.
Heating cisy-adduct6ain toluene at 110C in the presence

of 20 mol % triphenylphosphine gave 92% vyield of the
cyclized producba, while a disordered result was obtained
in the absence of triphenylphosphine. Similar results for
o-adduct6c were obtained (see Supporting Information).

(8) Typical reaction conditions: to a solution of a bifunctional nucleophile In summary, we have developed a hlghly efficient method
(0.5 mmol) and triphenylphosphine (0.1 mol) in toluene (1.5 mL) at the for constructing heterocycles via phosphine-catalyzed um-

indicated temperature under nitrogen was added a solution of an electron-p0|ung addition and intramolecular Conjugate addition. This
deficient allene or alkyne (0.5 mmol) in toluene (1 mL).

(9) Structure of compoundl was confirmed by X-ray crystallography, ~ Strategy offers a simple and promising method for construct-
indicating that the tandem nucleophilic addition reactions of oxygen ing heterocycles under neutral conditions with high atom
nitrogen bifunctional nucleophile with electron-deficient alkyne started from econom
the nitrogen nucleophilic center. Y

(10) For synthesis of piperazine-2-carboxylic acid, see: (ajoMe J.

g.; JCoal\tliou, |£ ;Te,\t/lrahgdron Lettjggl ?2, %4?]9- () B(iggeéCb. F';Ea)?' o Acknowledgment. We thank the Major State Basic
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