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The transition metal-catalyzed coupling cyclization reaction of Scheme 1. Cross-Coupling Cyclization Reaction of 1a and 2a

functionalized allenes with organic halides has caught the attention
of many synthgtlc (_:hemlsts d_u_e to the gre_at potentlal of aII_enes as Ve Smol% Pac e\
a result of their unique reactivity, axial chirality, and substituent- Y J':T><:> “DMA, 30°C _ —
H COOH ) *
1a 22h P [oJNe] [¢]

loading capability:?2 Hashmiet al. reported the homodimerization © "

reaction of 1,2-allenyl keton€dNe also have shown strong interest 2 3aa 42a

in the reactions involving two allenes by reporting the heterodimer- 67% 4%

ization reaction of 2,3-allenoic acids with 1,2-alleny| ketd‘rmsd. Table 1. PdCl,-Catalyzed Cross-Coupling Reaction of 2,3-Allenoic
homodimerization of 2,3-allenoic acildt should be noted thatin  Acids and 2,3-Allenols?

these two reactions (1) the Pd(ll) species was regenerated by

consuming a large amount of 1,2-allenyl ketones via cyclometa- Ré R®
lation/protonation or an additional oxidant via direct oxidation and R2 R R4 5mol% PdCl \ R
(2) both allenes were cyclized. We wish to report here a coupling = + X . “owAscc | re /)
cyclization protocol of two different allenes, in which (1) the R? COOoH HO R® ’ R 0™ Yo
catalytically active Pd(ll) species would be regenerated “automati- 1 2 3
cally” after the reaction and (2) two allenes function differently, ) )
that is, 2,3-allenoic acids form the butenolide skeletons while the )
2,3-allenols introduce the 1,3-diene substituent to AkEosition enty  R* R R R R yield of 3 (%)
of the butenolides formed. 1 Me Ph H(a) (CHy)s(2a) 67 (3a3)
After studying numerous combinations of different allenes, gh mg g/lr:a L'%Z)) f\ACeHZ)S (@3 Me (2b) gé ggg
fortunately we observed that the reaction of 2,3-allenoic deid 4 Bn Me H@o Me Me @b) 52 (3cb)
with 1.5 equiv of 2,3-allenoRain the presence of 5 mol % PdCI 5 Me (CH)s(1d) (CHy)s (29) 75 (3da)
in 2 mL of DMA afforded 4-(1,3-dien-2-yl)butenolide3aain 67% 6:) Me Ph H@a H H(209 59 @ag
yield. No cycloisomerization and homodimerization products of 2,3- g En r,:C7H15 :((if)) ﬁgnﬁigg 25 gg;)
allenoic acidla were detected (Scheme 41). 9 Me 1-Nap HLg (CH2)s(2d) 56 (3g3)

Solvents, such as &ZHCHCL and CHCN, are not effective
for this reaction. DMA is better than other polar solvents, such as  2A solution of1 (0.25 mmol),2 (0.375 mmol), and Pdg(5 mol %) in
NMP, DMSO, and DMF (see Supporting Information). Palladium 23 mL of DMA was stirred at 30C for 8-28 h.? A quantity of 0.50
acetate and PdgiPPh), are not effective for the reaction in DMA. mmol of 2 was used: A quantity of 0.625 mmol o2 was used.

Thus, we have established the proposed protocol for the cross-occurred smoothly to afforBaain 52% vyield, indicating that air
coupling cyclization of 2,3-allenoic acid with 2,3-allenol under the does not participate in the catalytic cycle. However, the reaction
catalysis of 5 mol % Pdglin the absence of any oxidant; 2,3- did not yield 3aain the presence of 1.0 equiv of,&0;, which
allenoic acid was cyclized to afford the butenolide skeleton, while indicates the importance of the proton to the catalytic reaction.
the 2,3-allenol was incorporated into the 4-position of theH}{5 In addition, when optically active allenoic acig)¢(—)-2-methyl-
furanone skeleton as a 1,3-dien-2-yl moiety. Some typical results 4-phenyl-2,3-allenoic aciqR)-(—)-1a] was used as the mechanistic
are listed in Table 1. Various differently substituted 2,3-allenoic probe to react witt2b in the presence of 5 mol % Pddh 2 mL
acids that bear an alkyl (entries 2, 5, and 7, Table 1), a benzyl of DMA,* the product3ab was formed with partial racemization.
(entries 4 and 8, Table 1), and an aryl group (entries 1, 3, 6, and We have observed that a base may induce the racemization of
9, Table 1) were successfully cross-coupled with 2,3-allenols to optically active butenolide%.Thus, to neutralize any in situ
afford butenolides in moderate yields. The structures of the productsgenerated basic species, TFA gCPOH) was added to the reaction

were further established by the X-ray diffraction studies3da mixture, and as a result, the racemization was indeed mostly
(see Supporting Information). inhibited. Best results were obtained with addition of 0.8 equiv of
Furthermore, it is important to note that witt R H and R = TFA (Scheme 2). Thus, it was concluded that [Qldpecies may

H, a very high stereoselectivity was observed affording the products be formed during the reaction, which may induce the partial
(E)-3 exclusively (Table 2). The stereochemistry was determined racemization of the produét.
by the NOESY study ofK)-3dd and theJ value of the related On the basis of these experimental findings, it was proposed that
olefinic protons § = 15.6 Hz). the interaction of PdXwith (R)-(—)-1a would form 4-furanonyl

To clarify the mechanism of this reaction, two controlled palladium intermediatéM1 via cyclic oxypalladation, which is
experiments were conducted. Under adtmosphere, the reaction  responsible for the high efficiency of chirality transfer obserted.

6182 = J. AM. CHEM. SOC. 2005, 127, 6182—6183 10.1021/ja0500815 CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Table 2. Table 2. PdCl,-Catalyzed Stereoselective
Cross-Coupling Reaction of 2,3-Allenoic Acids and 2,3-Allenols?@

R4
\ 1
R? R' 5 mol% PdCl, R
+ > 4 —
R3 COOH HO R owa e Rst oo
1 2 3
1 2
entry Rt R? R3 R* yield of 3 (%)
1» Me Me H@b)  n-CsHii(2d) 52 [(E)-3bd]
2 Me  (CH)s(1d) n-CsHi (2d) 55 [(E)-3dd]
3 Me  (CH)s (1d) Ph ¢ 63 [(E)-3de]
4 Me  (CH)s(1d) Bn (2f) 74 [(E)-3df]
5 Me Ph Et(h) PhQe 66 [(E)-3hq]
6 Me Ph Etth) Bn(2f) 82 [(E)-3hf]
7 Me Me Me (L) Bn (2f) 71 [(E)-3if]

a A solution of1 (0.25 mmol),2 (0.375 mmol), and Pde(5 mol %) in
2—3 mL of DMA was stirred at 30C for 8-28 h.P A quantity of 0.625
mmol of 2 was used.

Scheme 2. Using (R)-(—)-1a as the Mechanistic Probe to React
with 2b

Ph, Me :-=>< 5 mol% PdCl, Me
— +
H COOH HO DMA, 30°C
R-(-)-1a 2b Ph' 3Ob 0
98%ee a
no TFA 58% 36%ee
0.8 equiv. TFA 62% 98%ee

Scheme 3. Possible Mechanism of the Cross-Coupling
Cyclization Reaction of (R)-(—)-1a and 2b
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Then, regioselective carbopalladation of 2,3-alleRblwith M1
would highly regioselectively form the-allylic palladium inter-
mediateM2. Subsequeni-hydroxide elimination would affor¢R)-
(—)-3ab and XPd[OH™],”? the [OH"] of which may induce the

partial racemization of the product when this reaction was conducted

in the absence of TFAThen, XPd[OH~] was converted to the
catalytically active species, Pd)Xby the reaction with H (Scheme
3). It should be noted when*Rs H and R = H, the intermediate
M3 was more favored for its thermodynamic stability owé4,
which can easily transform t¥3 through ac—z—o process$?
M3 would affordE-isomers highly stereoselectively through a trans-
B-hydroxide elimination (Scheme 4).

In conclusion, we have established the first coupling cyclization
protocol of two different allenes, that is, 2,3-allenoic acids with
2,3-allenols, affording 4-(13'-dien-2-yl)-2-furanone derivatives.

On the basis of some brief mechanistic studies, it was concluded

that the reaction may proceed via cyclic oxypalladation, carbopal-
ladation, ands-hydroxide elimination to afford the products by
releasing XPY[OH "], which may react with H to regenerate PdX
Further studies in this area are being pursued in our laboratory.
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