4290 J. Am. Chem. S0d.999,121,4290-4291

Palladium-Catalyzed Scheme 1
Dimerization—Carbostannylation of Alkynes:
Synthesis of Highly Conjugated Alkenylstannanes AN NAr
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Carbometalation of alkynes produces cis-substituted alkenyl- R COR . .
metals and is an extremely useful method for a stereoselective AN o RO PORT g gnpy,
olefin synthesis. Among these, the transition metal-catalyzed ={ sBus* Y= sneu, " 5 .
carbostannylation has advantages in view of synthetic utility, since R'O,C R? R® CO.R' R CoAR
the resulting alkenylstannanes can be transformed further to vari- 5 6 7

ously substituted ethylenes through cross-coupling reactidres.

have alrea_dy demonstrat_ed thata_palladium complex coo_rdinatedproducts (entry 13). Only a 1:1 carbostannylation product was
by aN-(2-diphenylphosphinobenzylidene)-2-phenylethylamine lig- pained with ‘a palladiuml catalyst as we disclosed before
gf‘d a)thcatalyzr?s sytr:-addltlo dn .Of alki/.n)t/.lstanfnar}:asd.to aIk;fntles.t (entry 14)3 The reaction without any ligand was slow to give
ince then we have been studying activities of palladium catalysts >~ - — — .
using various ligands and have found that dimerizaticar- L1 cark_)ostannylatlon produgt(R" = Et, R* = H, R® PhG) in
bostannylation of alkynes takes place with alkynyl-, alkenyl-, and a low yield (entry 15).
allylstannanes. Herein we report that the reaction provides a con-
venient method to produce highliyconjugated alkenylstannanes Table 1. Palladium-Catalyzed DimerizatierCarbostannylation of
with three to six covalent bonds being generated in one batch. Ethyl Propiolate 8a) with Tributyl(phenylethynyl)tin 4a)*

Using bis(phenylimino)acenaphther2)(in lieu of iminophos- entry  ligand (Arin2) solvent  conv. (%)  prod(s)
phine 1 as a ligand, we observed that the palladium-catalyzed Ph toluene 89 5a
carbostannylation of ethyl propiolat8d) with tributyl(phenyl- Ph THF 71 5a
ethynyl)tin 4a) proceeds smoothly, being accompanied by dim- Ph dioxane 70 5a

1

2

?1 Ph CHCI 70 5

erization of the alkyne to give diethyl ZI3E)-6-phenyl-1-tri- 5 Ph DME 64 52

6

7

8

9

-1.3-dien-5-vne-1.4-di Ph DMF 53 5a
butylstannylhexa-1,3-dien-5-yne-1,4-dicarboxyl&a){ through o ootane % 2

a stereoselective syn-addition (Scheme 1). Typical conditions fol- 4-CRCqHa 5b)  toluene 80 5a
low: a reaction of3a (3 mol) with 4a (1 mol) in toluene in the 3,5-(Ck),CeHs 22 toluene 49 5a
presence of a 1:2 mixture of [PdgiCsHs)].—2a (5 mol % of 10 ﬁ:mgaﬁr“ %e)) foluene o8 2
Pd) at 50°C for 40 min gavebain 77% yield as a single isomer. 12 2,6-(-Pr)CeH3 2f)  toluene <5 5a
Solvent and a palladium complex coordinated by a different ligand 13 2g)  toluene 31 5a,7°
. ) : - 14 1) toluene 84 7
were examined and compared in the reaction3afwith 4a 15 none toluene 20 7¢

Conversion in a periodfd h is summarized in Table 1. In such = The reaction was carried out in a solvent (3 mL) at@ausing3a

a polar solvent as THF, dioxane, DME, or DMF, the reaction (1 o mmol) and4a (0.34 mmol) fa 1 h in thepresence of [PACHC-
with the Pd—Ze} catalyst was slow (elntrles—B).. Diimines havmg CsHs)]2 (8.2umol) and a ligand (1@mol). ® Determined by%Sn NMR.
an electron-withdrawing or -donating substituent on Ar did not °©5a/7 = 54/46.9 The regioisomer o7 was also detectedfisomer=

accelerate the reaction (entries BL). Bulky diimine2f was tot- 4/1). ° Regioisomer was not detected.
ally ineffective (entry 12). A palladium complex with acyclic di-

imine ligand2g gave a mixture of 2:1 and 1:1 carbostannylation The scope and limitations of the dimerizatieearbostannyl-

If(ap?n deanqtted Institute of Science and Technology. ation were next examined using various organostannanes and
yoto University. ; ; ; ; i
(1) For a review on carbometalation, see: Knochel, RCémprehensie alkynes (T",ible 2). T”bUtyl(heXanI)tm, and tr',bUtyl(m,m?thy.lS'
Organic SynthesjsTrost, B. M., Fleming, I., Semmelhack, M. F., Eds.; lylethynyl)tin also reacted witBa with high regioselectivities in
Egrr%gg‘uop”raﬁéﬁszee’.\‘e,\% rLOarr‘](E }93?16\'%2;'(@ sgﬁt?\%tsei&gé‘f 8&%‘%57 e good yields (entries 2 and 3). Alkenylstannanes were more reac-
Zirconium-catalyzed carboalumination, see: Negishi, E.; Takahashi, T. tive than alkynylstannanes to give the corresponding conjugated
Eynthheslligia 1—19;C hllckel—lc?taEl)ézeéi cag%%zglgaggfégee: @tmann, T.; (stannyl)trienes consisting of two regioisonfelny the reaction

"2 (a) Pereyre. M.: Quintard, J_'_P_'?%ah,ﬂﬁn in Organic Synthesjs  With 3a (entries 4-6). In addition to3a, dimethyl acetylenedi-
Butterworth: London, 1987. (b) Paquette, L.®rg. React1997, 50, 1-652. carboxylate 8b) also was applicable to the reaction with these
Am(3)cﬁ2'é1ak§g"gbg§ Igghzlgégéb};grahashn T.. Nakao, Y.; Hiyamal.T.  grganostannaned4—f), giving alkenylstannanesg—1° in a ster-

(4) Configuration oBawas determined by the coupling constants in NMR ~ €oselective manner (entries-I2). At least one ester substituent
shown below. For the coupling constants between an allylic carbon and an
olefinic proton in an enyne, see: Breitmaier, E.; Voelter,@&rbon-13 NMR 5) Confi " 50T determined 1 imilar 5
Spectroscopydrd ed.; VCH: New York, 1987; Chapter 3.2. For those between (5) Configuration o was determined in a mannaer similar aa.

atin and an olefinic proton in an alkenylstannane, see: Leusink, A. J.; Budding, Minor productséd—f were confirmed to be regioisomers by the coupling
H. A.; Marsman, J. WJ. Organomet. Chemi967, 9, 285—294. constants between olefinic protons and those between a tin and an olefinic

proton. For example, the data 64 are shown below.

Ph,
b 3 L apc E
\ JHR LOE Mheip=t22Hz HH GO o, 112k
C — Joapa =122 Hz = 5 bt N1 detected
— SnBug ;Jﬂunﬂg =92Hz — SnBuy aJHLHc' 16’5”:{'2
= b he_gn =
EtO,C  H® o-gnt17 = 88 Hz H COzEt Coe.sai1e and Sye_ga117 were not resolved.)
5a 6d
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Table 2. Dimerization-Carbostannylation of Alkynes Catalyzed
by Palladium-Diimine 2&

temp time vyield

entry alkyne R (°C) (h) (%)° prod(s) 5/6°
1 3a PhG=C 43) 50 0.7 77 5a6a >99/1
2 BuC=C 4b) 30 3 93 5b,6b >99/1
3 TMSCG=C 4c) 20 0.5 75 5¢,6c >99/1
4 CH=CH 4 50 0.7 72 5d,6d 79/21
5 E)-PhCH=CH 4¢) 50 1 78 5e6e 89/11
6 E)-n-Hex-CH=CH (4f) 50 1 76 5f,6f 71/29
7 3b PhG=C 4a 70 2 77 5

8 BuC=C 4b) 90 19 32 5

9 TMSC=C 4c) 90 2 52 5i

10 CH=CH 4 50 2 76 5

11 -PhCH=CH 4¢ 50 1 75 5

12 -n-Hex-CH=CH (4f) 50 8 75 5l

13 -PhCH=CHCH, (4g) 50 1 86 5md

2 The reaction was carried out in toluene (3 mL) at®&using an
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Scheme 2
Ph  COpMe
O AN C0Me
Wi + > snBu;
O N CO,Me ad CDCly, 25 °C, 80 min
Ph CO,Me 3 65% yield based on 8b MeO,C. COMe
8b = —
> — SnBu,
MeO,C  CO,Me
Catalyst (5 mol %) Si
MeO,C—==—COMe +  4d i o

toluene, 50°C, 2 h
3:1

conv. of 4d

78%
92%

Catalyst

8b

[PACHN*-CaHs)lo-2a
The dimerization-carbostannylation reaction using alkenyl- and

alkynylstannanes is significant, as conjugated trienes and dienynes
are produced from alkynes with high stereoselectivity by the

alkyne (1.0 mmol) and an organostannane (0.34 mmol) in the presencecatalytic process. Furthermore, a reactionE)fjis(tributylstan-

of [PdCI(73-C3Hs)]2 (8.2 «mol) and2a (16 umol). P Isolated yield based
on the organostannane is givébetermined by*'%Sn NMR.9A 1:1
carbostannylation produ@twas also obtained in 4% yield.
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Figure 1. *H NMR (200 MHz) spectrum of the reaction mixture (at ca.
31% conversion) in the reaction 8b with 4d in the presence of [PdCI-
(73-C3Hs)]2—2e complex (20 mol % of Pd, PAé = 1) in CDCk at 25
°C.

on acetylene seems to be essential for the reaction to occur; neither

phenylacetylene, 1-octyne, nor 1-butyn-3-one gave the corre-
sponding carbostannylation product. Cinnamyl(tributyl)tin can also
participate in the carbostannylation in use3f (entry 13)°
Elsevier and co-workers recently reported a three-component
coupling of an acetylenedicarboxylate, an organic halide, and
tetramethylstannane, using a palladiddiimine 2e complex as
a catalyst. The catalytic cycle is considered to involve a reaction
of palladacyclopentadienga (cf. Figure 1), derived from Pd-
(0)—2eand dimethyl acetylenedicarboxyla&bf, with an organic
halide followed by transmetalation with tetramethylstannane.
With an expectation that a palladacyclopentadiene might be
involved in our reaction, we monitored the reaction'BhyNMR,
choosing?eas a ligand, because the methyl substituent gave more
information. Indeed*H NMR spectra of the reaction &b with
4d showed peaks no other than those of palladacyale addi-
tion to those of the substrate and product (Figure 1). Furthermore,
palladacycle8b was prepared from Pd(©Raand allowed to react
with 3 equimolar amounts @fd to give carbostannylation product
5j in a good yield, andb was shown to be an equally active

nyl)ethene 4h) with alkynes3a and3b affordeda,w-distannyl-
pentaene®a and 9b, generating six new covalent bond all in
one batch.

[PACI(3-C3Hs)]p/2a
(5 mol % of Pd, Pd/2a = 1)

toluene, 50 °C

BuzSn

R'C=CR?®
SnBugy

4h 3a: R' = H, R? = CO,Et

3b: R, R?=CO,Me

R' R?
BugSn — R' R?
R? R — SnBuj
R? R

9a:R'=H, R2=CO,Et 55% yield (14 h)
9b: R', R? = CO,Me 64% yield (41 h)

M

The utility of the dimerizatior-carbostannylation reaction is
demonstrated by the transformation to more conjugated com-
pounds through a cross-coupling reaction (Scheme 3). Thus, the
cross-coupling reaction dda with 4-iodonitrobenzene, bromo-
(phenyl)ethyne, or 1,4-diiodobenzene in the presence of Pd(0)/
Cul gavelQ, 11, or 12in a reasonable yield, respectively.

Scheme 3

Pd(PPhg}, (10 mol %)
Cul

DMF, 50 °C 4-NO—CgH4-l

70% yield (18 h)
[Cuf (75 mol %))

Ph

A

r4

PhC=C-8r
54% yield (5 h)
[Cul (10 mol %)]

4-1-CgH
62% yield (8 h)
[Cul (50 mol %)]

In conclusion, we have disclosed that dimerizaticarbostan-
nylation of alkynes takes place with a palladium catalyst and a

catalyst (Scheme 2). All of these observations suggest that thediimine ligand to give highly conjugated alkenylstannanes in a

catalytic cycle should involve the formation of a palladacyclo-
pentadiene intermediate from a Pd(0) complex and 2 mol of an
alkyne followed by its reaction with an organostannane, although

stereoselective manner. Further studies on extension of the reac-
tion and synthetic applications are in progress in our laboratories.

subsequent steps of the catalytic cycle are not clear at present. Supporting Information Available: Detailed experimental proce-

(6) No isomer was obtained in the reaction3tf Syn-addition in the use
of 3aled us to the conclusion that carbostannylation prodbigtsm are also
syn-adducts.

(7) (a) van Belzen, R.; Hoffmann, H.; Elsevier, CAhgew. Chem., Int.
Ed. Engl.1997 36, 1743-1745. (b) van Belzen, R.; Klein, R. A.; Kooijman,
H.; Veldman, N.; Spek, A. L.; Elsevier, C.OrganometallicsL998 17, 1812~
1825.

dures including spectroscopic and analytical data (PDF). This material
is available free of charge via the Internet at http://pubs.acs.org.
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(8) (a) Liebeskind, L. S.; Fengl, R. W.. Org. Chem.199Q 55, 5359~
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50, 12029-12046.



