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Absrnrcr. Trtaunent of cycIii carbonatt of 3.alkene-l&diols OT 4-mcthylcarbooate of Z-alkcnc-1,4- 
dials with a c&y& amount of Pd(PPh3)4 in ~LWIIS THF or AcOH gave a$iB aM&ydes 
in good yields. ‘the reaction can k inkrprcted by UIC regioselective 1,4-hydrogen migration of II- 
allylpalladium intcrmcdiak 

It is widely known that the palladium catalyzed elimination reaction of allylic esters and phcnyl ethera 

affords conjugated dienes.1 This elimination reaction can be explained by the formation of a or-allylpallacliuan 

complex, followed by its P-hydrogen elimination. The site-selective P-hydrogen elimination of the K- 

allylpalladium complex is indispensable to the regioselective formation of the conjugated diene. For example, 

palladium(0) catalyzed reaction of acyclic 1,3-diene monoepoxides has been shown to afford I-hydroxy-2,4- 

dienes.2 This reaction can be explained by sequential fwrnation of the le-allylpakdium complex I and 

elimination of the P-hydrogen (Hb) located on the opposite site to the hydroxyl group. 

On the other hand, elimination of p-hydrogen (I-&,) of I attached to the site of hydroxyl group will be 

supposed to give an a$- and/or P,y-unsaturated aldehyde. 2-4 We describe herein the synthesis of IX,& 

unsaturated aldehydes through the regioselective P-hych-ogen migration of the rc-allylpalladium intermediate I, 

derived from the reaction of cyclic carbonate of 3-alkene-1,2diols or 4-methylcarbonate of Zalkenc-1,CdioIs 

with palladium catalyst. 

-1 

To demonstrate our assumption, the reaction of cyclic carbonate of fnonene-U-diol l, an equivalent of 

an dlylic epoxide,5 with a catalytic amount of Pd(PPh 3 4 ) was examined. We found that the reaction in 

aqueous THF (THF : Hz0 = 4 : I) at 7O’C (condition A) gave a&unsaturated aldehyde 3 in good yield along 

with a small amount of P,y-isomer 4 (entry 1). No st~eosele&v@ #&nation & E or Z isomer ca~ld be 

rtalizcd under this condition. When the reaction was carried out in acetic acid at 80°C (condition B), E- 

isomer of 3 was obtained in a highly selective fashion (enuy 2). CMethyl carbonate of 2-nonene- 1,4-diol2 



was treated with a catalytic amount of Pd(PPh3)4 in aqueous THF or AcOH to afford almost the same results 

as those in the case of 1 (entries 4, 5). 6 7 Whereas carrying out the reaction in THF, the corresopnding l- 

hydroxy-2,4-nonadiene (5) was obtained as a major product (entries 3,6). The latter results agreed with those 

reported previously.2 

Tallle f ; Palladium Catalyzed Reactions of 1 and 2 

entry reactant condition * product b E I2 ratio of 3 b Yield(%) 

1 1 A 

2 1 B 

3 1 C 

3and4 50:5tl 82 
(799 : 1) 

3and4 97 : 3 76 
(95 : 5) 

5 - 72 c, d 

4 2 A 3and4 !X:50 74 
(95 : 5) 

5 2 B 3and4 96 : 4 7l 
(?a5 : 5) 

6 2 C 5 - 76 c.d 

aReactkn conditions A : Pd(PPhgJ4 (2 mol%), Tf-lFM~O (4 : l), 7Or: I3 h B : 
Pd(PAh@ (5 mob%). AcCH. 6o*C f 2 h 
11 h. 

C : Pd(PPh& [S “t”f%), THF, 7D’C 
The ratg was determined by 590 MHz ‘H-NM. 1 : 1 Mixture of 

ster&omers. 3 and 4 were iMated in ca 5% yield. 

These results indicate that the course of the reaction can be controlled by proper choice of solvent, In a 
protic solvent such as aqueous THF and AcOH, P-hydrogen (Ha) attached to the site of hydroxyl group was 

eliminated from a-allylih intermediate I (Z=H) leading to the n-dienepalladium hydride complex II. 

Formation of a&unsaturated aldehyde would be interpreted by the re-addition of the hydrogen (Ha of the 

complex II. followed by elimination of palladium hydride species from the z-complex III or the a-complex 

IV thus obtained.2 To clarify the reaction mechamism, the reactions of 1 and 2 with Pd(PPh3)4 in THF / D20 

(4 : 1) or CH3CO2D were examined. In each case, no deuterium was incorporated in the product 3. These 

results exclude the possibility via hydrolysis of dienols from the complex If in the reaction media. and 

indirectly support 1,6mignation of hydrogen. 3d The detailed mechanistic study is now in progress. 

I - LRm;“] - [R&H]or[R&HO] 

(X = OH or OAc) 

IL 111 N 

scheme2 
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Several examples for the synthesis of @-unsaturated aldehydes are summarized in Table 2,s The 

IWC&II in AcOH proceeded regioselectively to form qpunsaturated aldehydes with high E selectivity, This 

reaction was not affected by ester or carbon-carbon double bond in the molecule. As cxpezted, 13-diene 
monoepoxide derivative 12 also gave a&unsaturated aldehyde 10 predominantly (entry 5). In contrast to the 

Table 2. Palladium Catalyzed Regiosektiie Hydrogen Migration 

reactants condiin a prcKlucts b 

6 

MeO*Cc& 
9’ 

9 

MaO*GP 
CHgi&H2 

OCO$e 

G- 

- OH 

13 

13 

Ga 
4-O 

I6 

cl--- - OH 

OAc 19 

A 

B 

A 

B 

B 

A 

B 

B 

A 

(E:ZL*) 
8 95 : 5 

cogkle 

Meo$+CHO ~mfi Me W CHO 99 : 10 
CH,CH-CH, CHzCH&Hp 

10(E:2~44:!56) 11 

{E:Z!L) 
11 

(E : z ::.!I : 2) 
11 

97 : 3 

96: 2 

93 : 7 

99: 1 

.99 : 1 

43 : 57 

0”“““” o-“” 
14(E:Z=50: 50) 15 

(E : 2 :498 : 2) 
15 

Ov CHO OY---hO 

4-O 4-O 
n (E:Z-98 : 2) 18 

CL&- CM0 CL+ CHO 

P (E:Z=SO:20) 21 

a Ftoactbn ccnditbns A : Pd(PPh& (2 mol%). THF I Hz0 (4 : I), 70°C /3h I3 : Pd(PPh& (5 mat%), ACOH. BD’C I 
2h b The ratio was determined 4 500 MHz ‘H-NMR ’ To diminish deacetatization, the reaction was stopped 

within 30 min. 



9428 

highly selective formation of a&isomers (entries l-4), tertiary acetate 19 gave a significant amount of b,y 

unsaturaed aldehyde derivative presumably due to its relatively high statiity (enuy 9). 
The present reaction provides a useful method for the regio- and stereoselective synthesis of a,@ 

unsaturated aldehydes, which are fundamental and useful intermediates in organic synthesis, from cyclic 

carbonate of 3-alkene-1,2-diols or 4-methylcarbonate of 2-alkene-1.4~dials. 

REFERENCES AND NOTES 

1. 

2. 

3. 

a) Tsuji, J.; Yamakerwa. T.; Kaito, M.; Mandai, T. Tetrahedron Lett, 1978,2075; b) Takahashi, T.; 

Nakagawa, N.; Minoshitma, T.; Yamada, H.; Tsuji, J. Terruhedron Lest. l!WO, 31,4333; c) Mandai, T.; 

Gotoh, J.; Otera, J.; Kawada, M. Chem. Lezr, 1980,313; d) Trost, B. M.; Verhoevcn, T. R.; Fommak, J. 

M.; Tetrahedron L&t. 1979.25,2301; e) Trost. B. M.; Fortunak. J. M. 1. Am. Ckm. Sot. 1980, 302, 

2841; f, Matsushita, H.; Negishi, E. J. Org. Chem. 1982,47,4161. 

Suzuki,M.: Noyori. R.J. Am. Chem. Sot.. 1979. RII, 1623. 

a) Nakatani, Y.; Sugiyama, M.; Honbo, C, Agr. Bbl. Chem. 1975,39,2431; b) Trctst, B. M.; Tenaglia, 

A. Tetrahedron Lat. 1988,29,2927; c) Oshima. M.; Yamazaki, H.; Shimizu, I.; Nisar, hd.; Tsuji, J. 1. 

Am. Chem. Sot. 1989, III, 6280; d) Takano, S.; Moriya, M.; Krtmikubo, T.; Himya, K.; Ogasawara, K, 

Tetrahedron Lert., 1!#3.34,8485. 

4. Rhodium(I) catalyzed isomerixation of 1,3-diene monocpoxide; See a) Adames, CL; Bibby, C.; Grigg, 

R. J. C&m. Sot.. C/tern. Commun. 1972, 491; b) Sato, S.; Matsuda. I.; Izumi. Y. Tetrahedron Lett. 

1985,26,1527. 

5. 

6. 

7. 

a) Kang, S.-K.; Kim, S.-G.; Lee, J.-S. Terrahedron: Asymmetry 1992,3,1139: b) Kang, S.-K.; park, D.- 

C.; Jean, J.-H.: Rho, H.-S.; Yu. C.-M. Tetrahedron L&r. 1994,35,2357. 

Z isomer of 1 and E isomer of 2 gave almost the same results. Therfore, the stereochemisay of starting 

alcohols did not affect this reaction. 
The E / Z (1 : 1) minture of 3 was isomerind to E-isomer in condition A. and evcfi in acetic acid at 

80% Z-isomer was slowly transformed RI E-isomer. Accordingly, E-selectivity might be contributory to 
the isomerization of cc&unsaturated aklehydes. 

8. Substrates were easily prepared as shown in equations i and ii. 
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