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crotonaldehyde via transmetalation with undetectable 
rearrangement: 
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However direct reactions typical of allyltin compounds 
may be of much more interest. 4 reacts with aryl bromides 
in the presence of a palladium catalystls to form the sub- 
stitution product accompanied by complete allylic shift. 

PdlPPh31q 7snB'3 OEt + 'aBr PhH, I10 'C, 20 h 

4 

2 = H (91%, Z / E  = 5:95)  
C1 (88%, Z/E = 35:65)  
F (89%, Z / E  = 40:60) 

This reaction provides a way for bonding a three-carbon 
aldehyde (d3  propionaldehyde synthon2) to an aromatic 
ring. 

Another typical reaction is the boron trifluoride cata- 
lyzed addition to aldehydes,'"21 which occurs, probably, 
with a double allylic shift in the case of 4 (one at  the 
reagent level and the second in the addition reaction): 

OH 
SnBu3 

BF3, EteO 7 + PhCHG CH2CI2,-7E0C lo  0 OCC 
"L I 

4 
bEt  (then acidolysis) 

70% 
(93%SS + R R )  

(17) Y. Yamamoto, H. Yatagai, and K. Maruyama, J. Org. Chem., 45, 

(18) M. Kosugi, K. Sasazawa, Y. Shimidzu, and T. Migita, Chem. Lett., 

(19) Y. Naruta, S. Ushida, and K. Maruyama, Chem. Lett., 919 (1979). 
(20) H. Yatagai, Y. Yamamoto, and K. Maruyama, J. Am. Chem. SOC., 

195 (1980). 

301 (1977). 

102, 4648 (1986). 

Chem. SOC., 102, 7107 (1980). 
(21) Y. Yamamoto, H. Yatagai, Y. Naruta, and K. Maruyama, J. Am. 

(22) Isomers 4.5, and 6 have been identified by using their 'H NMR 
spectra (see supplementary material), and the isomeriz&ion process has 
been most easily followed and quantified by "%3n NMR spectra (4, 6 = 
-34.8; 5, 6 = -16.4; 6, 6 = -19.6). 
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Such highly functionalized products may be used for 
various further transformations, especially for the synthesis 
of carbonyl derivatives. 

This set of preliminary results shows the high potential 
of (ethoxyalkeny1)tributyltins in organic synthesis. Current 
work is concerned with extending the number of new or- 
ganotin precursors as well as examining their synthetic 
applications. 
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Palladium-Catalyzed Cross-Coupling Reaction of 
a-Heterosubstituted Alkenylmetals. A 
Stereoselective Route to Heterosubstituted Dienes 
Suitable for the Diels-Alder Reaction' 

Summary:  Alkenylmetals of Zn or Al containing a-alkoxy, 
a-alkylthio, or a-trialkylsilyl substituents react readily with 
aryl or alkenyl halides in the presence of a Pd catalyst to 
produce arylated alkenes or conjugated dienes, respec- 
tively, the stereospecificity of the reactions for the syn- 
thesis of 1, 3, 4, and 5 being 298%.  

Sir: Despite the recent development of a plethora of 
proximally heterosubstituted organometals containing 
alkali metals and magnesium as novel reagents,2 their in- 
ability to react readily with alkenyl, aryl, or alkynyl halides 
and other related electrophiles has severely limited their 

(1) Selective CarbonCarbon Bond Formation via Transition-Metal 
Catalysis. 33. Part 32: Negishi, E.; Luo, F. T.; Pecora, A. J.; Silveira, 
A., J. O g .  Chem., in press. 

(2) For rewews see: (a) Negishi, E. "Organometallics in Organic 
Synthesis"; Wiley-Interscience: New York, 1980; Vol. I, Chapter 4. (b) 
Grobel, B. T.; Seebach, D. Synthesis 1977, 357. 
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Table I. Palladium-Catalyzed Reaction of a-Heterosubstituted Alkenylmetals with Organic Halidesa 

7. 

yield, % reaction pro- RZX 

R' Z M R2 X time, h ductb isolated GLC 

'c=c<M 
R' 

H' 

H OEt ZnCl ( E  )-1 -heptenyl I 1 1 74 80 
H SEt ZnCl vinyl Br 3 2 69 76 
H SEt ZnCl (E)-1-heptenyl I 3 3 81 93 
n-hexyl SiMe , AlR,C vinyl Br 3 4 74 77 

n-hexyl SiMe, AIR, (E)-1 -heptenyl I 3 5 68 73 
n-hexyl SiMe, BR,Lid (E)-1-heptenyl I 3 5 43 
H OEt ZnCl C6H5 

n-hexyl SiMe BR,Lid vinyl Br 3 4 61 

I 1 6 80 91 
I 1 7 65 91 

H SEt ZnCl C6H5 I 3 8 70 80 
H OEt ZnCl p-ClC,H, 

a The Pd-catalyzed cross-coupling reaction was carried out in THF at room temperature (ca. 22 "C). All products have 

AIR, = Al(Bu-i),. The reaction o f  alkenylalanes was carried out 
been identified by IR, 'H NMR, and mass spectrometry. All stereodefined products were further identified by I3C NMR. 
All stereodefined products are isomerically 2 9 8 %  pure. 
in the presence of 1 equiv of dry ZnC1,. BR,Li = B(C,H,,),(Bu-n)Li. The reaction was carried out in the presence of 1 
equiv of dry ZnC1,. 

usefulness. While the Pd- or Ni-catalyzed cross-coupling 
could help solve this problem, its application in the past 
has largely been limited to cases where a- or 0-hetero- 
substituted reagents are heteroaromati~.~ In fact, many 
attempts by us to promote cross-coupling of alkylmetals 
containing donor-type a-hetero substituents with unsatu- 
rated organic halides using Pd and Ni catalysts have been 
uniformly unsuccessful, with the organic halides remaining 
largely unreacted. Such organometallic reagents include 
those obtained by converting Me2S, MeSPh, Me2S0, 
Me2S02, MeS02Ph, dithiane, a-(pheny1thio)tetrahydro- 
pyran: and MeN02 into a-metalated derivatives of Li, Na, 
and Mg as well as the corresponding Zn derivatives. We 
were therefore pleased to find that alkenylmetals con- 
taining a-alkoxy,6 a-alkylthio, or a-trialkylsilyl substituents 
react readily and stereospecifically with aryl or alkenyl 
halides in the presence of a Pd catalyst, e.g., Pd(PPh$,, 
to produce the corresponding arylated alkenes or conju- 
gated dienes, respectively. The experimental results are 
summarized in Table I, and the structures of the products 
are shown in 1-8. Although the number of examples 

P C5Hii-n C5Hii -n 
I I 

1 2 3 4 

I 
C6Hi3-n 6 7 8 

5 

provided in this work is still small, the method described 
here promises to provide a convenient and selective entry 
into stereodefiied and heterofunctional conjugated dienes 
that are potentially attractive as reagents for selective 
synthesis of cyclohexenes via the Diels-Alder reaction.' 

(3) For a review, see: Negishi, E. Acc. Chem. Res. 1982, 15, 340. 
(4) For a review, see: Negishi, E. Pure Appl. Chem. 1983, 55, 269. 
(5) Cohen, T.; Matz, J. R. J.  Am. Chem. SOC. 1980,102, 6900. 
(6) (a) Professor L. S. Hegedus of Colorado State University has in- 

formed us of their unpublished results on the UBB of a-alkoxyvinyl metals 
in Pd-catalyzed cross-coupling. (b) See also: Jeffery-Luong, T.; Lin- 
strumelle, G. Synthesis 1982, 738. 

The following observations are worth noting. First, no 
cross-coupling occurs in the absence of the Pd catalyst, i.e., 
Pd(PPh,),, indicating that the reaction is indeed catalyzed 
by the Pd complex. Second, all four stereodefined dienes, 
Le., 1,3,4, and 5, were obtained as isomerically 298% pure 
species, as judged by 'H and l%! NMR spectroscopy as well 
as by GLC. In no case were any special attempts such as 
chromatography to separate isomers required. In light of 
our previous observation that nickel-phosphine catalysts 
tend to induce stereoisomerization of dienes,8 they were 
not used in this study. However, nickel-phosphine com- 
plexes may still be satisfactory in cases where no such 
difficulty arises. Third, the EtO- or EtS-containing 
products were prepared by the Pd-catalyzed reaction of 
the corresponding alkenylzinc reagents (eq 1 and 2), which 

E t 0  

I-csHI1-e 1 (74./,) 
1 I-BuLt (Zequlv) 

TMEDA ( 2  equivl 
n-heaane, - 78 e c  A 

CH2=CHoEt 2 ZnCIz ( lequivl  ZnCl 5 %  WIPPh3l4 
THF, -78 to o +: 

(1) 
EtS 

I r -BuLi  ( I  equivl I - THF-HMPA I9:ll A 
+C5H"% 3 (81%) 

2. ZnCle I lrquivl  flCI 5% P d P P h 3 ) 4  
T H F  

in turn were obtained by treating a-ethoxy~inyllithium~ 
or a-(ethylthio)vinyllithiuml0 with 1 equiv of dry ZnC12. 
When the alkenyllithiums themselves were used under 
otherwise comparable conditions, little or no desired 
products were obtained (e.g., eq 2), again pointing to a 
major advantage of using Zn derivatives in the Pd- or 
Ni-catalyzed cross-~oupling.~ A Pd-catalyzed reaction 
a-(pheny1thio)alkenyl phosphate (9) with organoalanes 
containing alkyl, alkenyl, and alkynyl groups reported 
recently" represents a charge-affinity inverted version of 

(7) Controlling the regiochemistry of the Diela-Alder reaction may be 
achieved through manipulation of the steric and electronic effects exerted 
by hetero substituents. 

(8) Baba, S.; Negishi, E. J .  Am. Chem. SOC. 1976, 98, 6729. 
(9) Schdlkopf, U.; Hiinssle, P. Justus Liebigs Ann. Chem. 1972, 763, 

(10) Oshima, K.; Shimoji, K.; Takahashi, H.; Yamamoto, H.; Nozaki, 
208. 

H. J.  Am. Chem. SOC. 1973.95. 2694. 
(11) Sato, M.; Takai, K.iOshima, K.; Nozaki, H. Tetrahedron Lett .  

1981,22, 1609. 
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the a-(thioalkenyl) metal reaction such as that shown in 
eq 2. However, the reported reaction as such does not 
provide a stereoselective route to alkenyl sulfides. Fourth, 
the dienes 4 and 5 were prepared by the Pd-catalyzed 
reaction of 10, that was obtained by hydroalumination of 
1-octynylsilane with i-Bu2A1H in etherI2 for 2 h under 
reflux, with vinyl bromide and (E)-1-iodo-1-heptene, re- 
spectively, in the presence of 1 equiv of dry ZnC12.13 In 
its absence, no desired product was produced. These di- 
enes were also obtained by the corresponding reactions of 
the alkenylborate 11. Interestingly, unlike a recently re- 
ported related organoborane reaction requiring the tem- 
perature of refluxing ben~ene , '~  the above reactions were 
complete within 1-3 h at 22 "C. The major difference in 
rate between the two related reactions could be due to (a) 
different bases used in these two related reactions, i.e., 
n-BuLi in one and alkali metal alkoxides, or hydroxides, 
in the other,14 (b) the presence of a-Me3Si group in one 
and its absence in the other, and/or (c) the presence of 
ZnClz in one and its absence in the other. The yield of 4 
obtained by the Pd-catalyzed reaction of 11 with vinyl 
bromide increased from 37% to 61% by the addition of 
1 equiv of ZnC12. The fact that this reaction did proceed, 
albeit unsatisfactorily, at room temperature in the absence 
of ZnC1, suggests that this factor alone cannot account for 
the major difference mentioned above. It should also be 
noted that the product yields realized in the organoalane 
reactions are considerably higher than the corresponding 
organoborate reactions. A few minor unidentified bypro- 
ducts having GLC retention times similar to those of 4 or 
5 were formed in the reaction of 11, while no more than 
traces (51%) of such byproducts were detectable in the 
organoalane reactions. 

The following procedure for preparing (6E,8Z)-8-(tri- 
methylsilyl)-6,8-pentadecadiene is representative. To 
1-(trimethylsily1)-1-octyne (1.82 g, 10 mmol) in 20 mL of 
ether was added, under nitrogen atmosphere, diisobutyl- 
aluminum hydride (1.82 mL, 10 mmol). The reaction 
mixture was refluxed for 2 h. To this was added a mixture 
of (E)-l-i~do-l-heptene'~ (2.24 g, 10 mmol), Pd(PPh3)416 
(0.57 g, 0.5 mmol), and ZnC1, (1.36 g, 10 mmol), freshly 
dried at  50 "C and 5 1 mm, in 20 mL of THF. The re- 
sultant mixture was stirred for 3 h a t  room temperature, 
quenched with 3 N HCl (30 mL), and extracted with 
pentane. The organic extracts were washed with brine, 
dried over MgSO,, and distilled to give 1.90 g (68%) of 5: 
bp 92-95 "C (0.05 mm); n24D 1.4650; IR (neat) 1595 (m), 
1250 (s), 960 (s), 840 (s), 755 (m) cm-'; lH NMR (CDCl,, 
Me,Si) 6 0.15 (s, 9 H), 0.88 (t, J = 7 Hz, 6 H), 1.1-1.7 (m, 
14 H), 1.8-2.4 (m, 4 H), 5.47 (dt, J = 15, 7 Hz, 1 H), 6.01 
(d, J = 15 Hz, 1 H), 6.11 (t, J = 7 Hz, 1 H); 13C NMR 
(CDC13, Me,Si) 6 0.34, 13.79, 22.36, 22.44, 28.94, 29.24, 

(12) Uchida, K.; Utimoto, K.; Nozaki, H. J. Org. Chem. 1976,41,2215. 
(13) Negishi, E.; Okukado, N.; King, A. 0.; Van Horn, D. E.; Spiegel, 

(14) Miyaura, N.; Suginome, H.; Suzuki, A. Tetrahedron Lett .  1981, 

(15) Zweifel, G.; Whitney, C. C. J. Am. Chem. SOC. 1967, 89, 2753. 
(16) Coulson, D. R. Inorg. Synth. 1972, 13, 121. 

B. I. J .  Am. Chem. SOC. 1978,100, 2254. 

22, 127. 

29.97, 31.26, 31.70, 32.82, 128.55, 135.00, 138.26, 143.06. 
High-resolution MS calcd for Cl8HSSi: 280.2586. Found: 
280.2600. 
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Facile and Regioselective Epoxidations of Olefins 
with a Peroxysulfur Intermediate Generated from 
Superoxide Anion ( 02- 0 ) and Nitrobenzenesulfonyl 
Chlorides 
Summary: A peroxysulfur intermediate generated from 
the reaction of 0- or p-nitrobenzenesulfonyl chloride with 
superoxide anion (02--) is found to be an excellent oxidizing 
reagent for the facile and regioselective epoxidation of 
olefins a t  -35 OC. 

Sir: Recently intensive research interests' in physical 
properties and chemical reactivities of superoxide ion have 
stimulated the development of organic synthesis using 
superoxide anion. Only a few works on the oxidation of 
sulfur compounds such as thiols:  thiouracil^,^  disulfide^,^ 
and sulfur halides5 have been reported. Earlier, peroxy- 
sulfonate intermediate was postulated by Berger6 to be the 
key in alkaline autoxidation of thiols to the sulfonate. 

(1) (a) Lee-Ruff, E. Chem. SOC. Reu. 1977, 6, 195. (b) Sawyer, D. T.; 

(2) (a) FiliDDo. J. S.. Jr.: Romano. L. J.: Chern. C-I.: Valentine. J. S. 
Valentine, J. S. Acc. Chem. Res. 1981, 393. 

. .  . ,  
J.  Org. Chem.'i976,41,5%.' (b) Crank, G.; Markin; M. I: H. Tetrahedron 
Lett .  1979, 2169. 

(3) Katori, E.; Nagano, T.; Kunieda, T.; Hirobe, M. Chem. Pharm. 
Bull. 1981, 29, 3075. 

(4) Takata, T.; Kim, Y. H.; Oae, S .  Tetrahedron Lett. 1979, 821. 
(5) Oae, S.; Takata, T.; Kim, Y. H. Bull. Chem. SOC. Jpn. 1981, 54, 

nn, n 
L I I L .  

(6) Berger, H. R e d .  Trau. Chim. Pays-Bas 1963,82, 773. 
(7) Karrer, P.; Stiirzinger, H. Helu. Chim. Acta 1946 29, 1829. 
(8) (a) Cicala, G.; Curci, R.; Fiorentino, M.; Laricchiuta, 0. J. Org. 

Chem. 1982,47,2670. (b) Curci, R.; Fiorentino, M.; Troisi, L. Zbid. 1980, 
45, 4758. 

(9) When the reactions of superoxide anion with la, lb, and IC were 
stopped after 45 min, starting materials of la (41%), lb(46%), and IC 
(71 %), respectively, were recovered: this results suggest that the for- 
mation rate 2a and 2b is not so different but the 2a is more stable than 
2b because the epoxidation using 2a afforded better yield of epoxide (a', 
X = H, 84% 1.5 h) than that using 2b (8', = H, 75%, 3.0 h). 

(10) lH NMR (60 MHz, CDC13) 6 2.97 (1 H, epoxide), 1.3 (3 H. Me, 
epoxide), 1.92 (3 H), 1.10-1.60 (4 H), 1.60 (3 H, Me, =C-), 4.75 (2 H, 
=C-1. 
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