
Tetrahedron Letters,Vo1.24,No.33,pp 3457-3460,1983 oo40-4039/83 $3.00 + .OO 
Printed in Great Britain 01983 Pergamon Press Ltd. 

MERCURY IN ORGANIC CHEMISTRY. 27. 
n-ALLYLPALLADIUM SYNTHESIS VIA 

ORGANOPALLADIUM ADDITIONS TO NONCONJUGATED DIENES 
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=fF A variety of organomercurials react regioselectively with 1,4-, 1,5- and 1,6dienes 
and i2PdC14 to form good yields of T-allylpalladium colnpounds. These reactions apparently 
proceed by organopalladium addition to one of the diene double bonds and subsequent palladium 
migration. 

n-Allylpalladium conpounds can be prepared by a number of procedures2-6 the most 

important of which are the insertion of palladium(O) reagents into the carbon-halogen bond of 

allylic halides7-l1 and the direct allylic hydrogen substitution of alkenes by palladium 

salts.I*-l7 Recently, the palladium-promoted addition of certain organomercurials to 1,3- 

dienes and vinylpalladium addition to alkenes have provided new routes to n-allylpalladium 

conpounds (eqs. 1,2). With the great current interest in applications of r-allylpalladium 

H 

LiPdC13 ; 

RHgCl + H2C=CHCH=CH2 > RCH2-C',-\C -H 
I Pd I 

(1) 
18,19 

R = CH3, aryl, benzylic k il/2H 

Li2PdC14 PdCl 

R%H=CHHgCl + H2C=CHR2 > 

(2) 
20,21 

PdCl 

> R1CH=CH:HCH2R2 > 
I /-\ 

R -C 1 C-CH2R2 
1 Pd 1 
H CV2H 

compounds in organic synthesi~,2~~~~ we were interested in exploring whether 

of remote palladi!Jm migration could be extended to other systems, especially 

the palladium was even further removed from the carbon-carbon double bond. 

this latter type 

those in which 

3457 



3458 

While our earlier work (eq. 2) indicated that homoallylic palladium conpounds could 

cleanly rearrange via palladium hydride elimination-readdition to afford n-allylpalladium 

conpounds,20*21 we chose to prepare these same intermediates by a different pathway, namely 

organopalladium additions to 1,4-dienes, to see if *-allylpalladium compounds could also be 

generated in this manner (Scheme 1). Good to excellent yields can indeed be obtained in this 
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fashion (entries l-3, Table I). These reactions appear to be highly regioselective (entry 

3), attack occurring on the least substituted double bond exclusively. 

A greater challenge lies in the reaction of 1,5-dienes with organopalladium compounds, 

since the palladium moiety in this situation is required to migrate two carbon atoms prior 

to n-allylpalladium formation.24 Nevertheless, reasonably good yields of n-allylpalladium 

conpounds are obtained from 1,5-hexadiene as illustrated by entries 4 and 5 in Table I. With 

1,5-dienes, however, palladium hydride elimination becomes a significant side reaction. 

Rather than decompose, the palladium hydride apparently adds to the starting 1,5-diene 

generating a second *-allylpalladium complex. To generate the hydride-derived 

n-allylpalladium product cleanly, one simply needs to employ ethylmercuric chloride (entries 

5-7). This approach to the generation of a palladium hydride has been used previously by 

Heck in his work on additions to 1,3-dienes." 

To determine if palladium can migrate three or more carbons, we have looked at the 

reactions of 1,6-heptadiene and 1,7-octadiene (entries 6 and 7). Ethylmercuric chloride 

reacts cleanly with 1,6-heptadiene and Li2PdC14 to give a 61% yield of the expected n-allyl- 

palladium conpound 5. No other m-allylpalladium compounds are observed. On the other hand, 

the analogous reaction with 1,7-octadiene gives approximately a 3:l mixture of two +-allyl- 

palladium compounds 6 and 7 in 92% isolated yield. Note that the major isomer is not 7 the 

compound expected from simple palladium hydride addition and migration. It is unclear at 

present how conpound 6 is formed. We continue to explore the scope of this new approach 

to n-allylpalladium compounds. 

In conclusion, organopalladium additions to 1,4-, 1,5- and 1,6-dienes provide a novel 

new method for the preparation of n-allylpalladium compounds. These reactions are 

regioselective and allow for the incorporation of functional groups as well. The majority of 
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Table I. Synthesis of n-Allylpalladium Compounds 

entry organomercurial diene product(s)a(mp)[% yieldb] 

1 C6H5HgCl H2C=CHCH2CH=CH2 

2 CH3HgCl 

CH 

3 
I3 

C6H5HgCl H2C=CHCH2C=CH2 

4 CH302CHgC1 H2C=CH(CH2)2CH=CH2 

5 CH3CH2HgCl 

6 
H2C=CH(CH2)3CH=CH2 

C6H5(CH2)2-C 
A 

,jd 'C-H 
k cv,c 

1 (124-125°C)[100(61)] 

7 

p\ 
CH3(CH2)# ,I,‘!-H 

I-I C112H 

2 (98-99"C)25 [87(44)] 

fH3 
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C6H5(CH2$;p\-H 

H CV2H 

3 (173-174Y)'; [100(51)] 

J-"-\ 
CH,O,C(CH,b-C dd'F-H + 2 

CI CV2H 

4 (79-80°C)" [43(24)] [31 
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2 (60-6l'C) [61(55)] 

Y 
7 H2C=CH(CH2)4CH=CH2 C 

CH3(CH2);f'$d‘\F-CH3 + 

i: 

H CV2H 
CH3(CH2)4f$[-H 

2 

6 [691 7 
C231 

a All new compounds gave satisfactory IR and NMR spectral data and elemental analyses. 

b Isolated yield (recrystallized yield). 
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results are most easily explained by initial organopalladium or hydridopalladium addition to 

the less hindered double bond of the diene, followed by a series of palladium hydride 

elimination-readdition reactions until an allylpalladium conpound is formed. 

Acknowledgments. The authors gratefully acknowledge the National Institutes of Health (AM- 

21795) and the Petroleum Research Fund, administered by the American Chemical Society (12619- 

ACl), for their generous support of this research. We also wish to express our appreciation 

to Johnson Matthey, Inc. and Engelhard Industries for generous loans of palladium chloride. 

References 

1. 

2. 

i: 
5. 
6. 

7. 
8. 
9. 

10. 

::: 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 

24. 

25. 

Present address: College of Liberal Arts and Science, Okayama University, Tsushima, 
Okayama 700, Japan. 
Slade, P. E., Jr.; Jonassen, H. B. J. Am. Chem. Sot. 1957, 79, 1277. 
Volger, H. C. Reel. Trav. Chim. Pays-Bas 1968, 87, 225, andliterature cited therein. 
Hartley, F. R. Chem. Rev. 1969 69, 799. 
HCtttel, R. Synthesis 1970, 225: - 
Maitlis, P. M. "The Organic Chemistry of Palladium", Vol. 1, Academic Press, New York, 
NY, 1971, Chapter 5. 
Dent, W. T.; Long, R.; Wilkinson, A. J. J. Chem. Sot. 1964, 1585. 
Sakakibara, M.; Takahashi, Y.; Sakai, S.; Ishii, Y. Chem. Comnun. 1969, 396. 
Tsuji, J.; Iwamoto, N. Chem. Common. 1966, 828. 
Dent, W. T.; Long, R. British Patent 1,082,248, 1967; Chem. Abstr. 1968. 68. 1147481. 
Carock, R. C.; Burkhart, J. P. 
Tsuji, J.; 

"1: C,;T"UC:. 1979. 9. 659. 
Imamura, S.; Kiji, J. 

Trost, 8. M.; Strege, P. E. Tetrahedron Lt 
Trost, B. M.; Verhoeven, T. 
Trost, B. M.; Streqe, P. E. 

A - -- ~., 

. i&n. So&-s 1964, 56, 4491 
2tt. 1974, 2603. 

R. J. Am. Chem. Sot. 1976, 98, 630. 
J. Am. Chem. Sot. 1975,2,7534. 

sot. 1975, 97, 1611. 
. Am Chem. Sot. 

168 90 5542 
1980, 102, 3572. 

R. F. J. Org. them. 198b 45 3584. 
' Am. Chem. Sot. -i978. 100. 180. 

Trost, B. M.i Webe;,.L. J. Am. Chem. 
Trost, B. M.; Metzner, P. J. J, 
Heck, R. F. J. Am. Chem. Soc.7 
Stakem, F. G.; Heck, 
Larock, R. C.; Mitchell, M. A. J. 
Larock, R. C.; Takagi, K.; Hershiberger, S. S.; Mitchell; CA. Tetrahedron Lett. 1981, 
5231. 
Trost, B. M. Tetrahedron 1977,3ZJ 2615. 
Tsuji, J. "Organic Synthesis with Palladium Compounds", Springer Verlag, New York, 
1980. 
For a related reaction which aooeared durino the course of our work see Bender. D. 0.: 
Stakem, F. G.; Heck, R. F. J.'i)rg. Chem. i982, 47, 1278. 
Takahashi, Y.; Tsukiyama, K.; Sakai, S.; Ishii, Y. Tetrahedron Lett. 1970, 1913. 

(Received in USA 5 May 1983) 


