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Abstmct: Using FdCta(PhCN)a-SnCta. en01 utters caused aldol-type cendematiun with aldehydes at WC in 
&Xtellttrk to pfeduce Q-a. &la9aturated cdrbenyl ccmpeunds. Cyclic en01 ester such as a-angelicalactene also 
lxaacdwiulatdcit~uoderthesamccolxlitieMteafford~subaualtedg-acetyl~ and/ar5-subsntuted4- 

=W-WWtxmen= 

En01 esters, which are easily prepared and am tractable as nucleophiles, can be applied to C-C bond 
formation under acidic condltionsI or neutral conditions.* However, the aldol-type condensation of simple en01 
esters such as available isoptqenyl acetate (1) with aldehydes except for benxaldehyde has not yet been 
developed Hem we mport that PdCl2(PhC!N)2-SnC!l2 reagent can be utllixed in the al&l-type condensation of 1 
with aldchydes. 

The addition reaction of 1 to 4-methoxycarbonylbenxaldehyde (2, R=4-MeOOCC&) with SnCl2 was 
investigated u&r various reaction an&ions, as summatixed in Table 1. The addition reaction occurted at 50 Y! 
in acetonitrile without PdCl2(PhCN)2 to give 4-(4-methoxycarbonylphenyl)-3-buten-2-one (3, R=4- 
MeOOCC!eIQ) (entry 1). Then, the addition of a catalytic amount of PdCl2(PhC!N)2 accelerated the reaction 
(entry 3). In the absence of SnCl2, PdCI2(PhCN)2 exhibited no catalytic activity. In the presence of 
PdCl2(PhCN)2, use of a catalytic amount (4 mol%) of S&l2 did not cause the reaction and use of an amount of 
SnCl2 equimolar to that of benzaldehyde lowered the yield of 3 (R=4MeOOC~, 50 ‘C, 48 h, 33%). The 
addition of phosphine or phospbite ligands inhibited the catalytic activity of palladium complex (entries 5-7). 
Solvents such as DMF, DMI, and THP were not effective for the reaction under the same conditions as those in 
DMSO shown in entry 8. A major product in 1.2~dichlotoethane was 4-acetoxy4(4-methoxycarbonylphenyl)- 
butan-2-one (49%), and a mixture of 3 (R=4-hkOCWdQ, 15%) and 4-chlonzt4-(4methoxycarbonylphenyl)- 
butan-2&m (31%) was obtained in dkhkomek. The addition reaction in refluxing dlchlommethane did not 
r_tt the absence of either PdCl@hCN)* or SnCl2. The addition reaction did not occur at 30 OC (entry 2). 

V byqoducts Wem pmduced at 80 ‘C (entry 4). ‘Ihis reaction might be promoted either by 
the coordination of carbonyl oxygen of 2 (R=4-MeOOCC6H4) to Pd(SnC13)2(PhCN)2 derived from 
PdC12(PhCN)2-SnCl23 or by the oxidative addition to palladium complex (or SnCl2). accompanied by the 
cleavage of an acyl-oxygen bond of 1,4 f&wed by the transmetalation of palladium enolate into tin enolate.sB6 

Palladium-catalyxed nucleophilic addition of 1 to several carbonyl compounds with SnC12 proceeded in 
acetonitrile to produce (E)-3-buten-Zone derivatives 3 selectively, in contrast with the reaction of 1 and 
benxaldehyde with Lewis acids.147 The msults am summarixed in Table 1. Arenecarbaldehydes were converted 
to 4-aryl-3-buten-2-ones in good yields (entry 3 and 9-18). However, akmeuubaldehydes such as heptanal and 
cyclohexanecarbaldehyde do not contribute so much to the addition reaction. Alkanecarbaldehydes bearing 
functional groups such as C-C double bond and aryl can be employed (entries 20 and 21). 
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Table 1. Palladium-Catalyzed Aklol-Type Condensation of 1 and 2 with SnClza 

A OcoMe + 
RCHO 

PdCb(PhCN), 

SnC12, Cl-l&N - 

entry ligandb t=nP ec, time (h) 3, yield (%)C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

___ 

PBu3 

PPh3 

___ 

-_ 

I_ 

___ 

___ 

-- 

(a) The addition reaction of l(3 mmol) to 2 (1 mmol) with PdClz(PhcN)2 (0.02 mmol) and SnCl2 (3 
mmol) was car&d out in solvent (5 ml) under a nitrogen atmosphere. (b) L&and (0.04 mmol) was 
used. (c) Isolated yields baaed on 2. (d) No Pd cat. was added. (e) DMSO as a solvent was used. (f) 
1,3-Bis(3_oxo-1-butenyl)benzene was obtained. 

___ 

50 72 

30 48 

50 33 

80 48 

50 72 

50 72 

50 72 

50 48 

50 48 

50 40 

50 30 

50 48 

50 33 

50 42 

50 40 

50 35 

50 33 

50 40 

50 35 

50 32 

50 30 

88 

56 

48 

28 

35 

28e 

58 

78 

79 

63 

68 

61 

82 

92 

83 

53f 

28 

18 

32 



655 

Scheme 1 

Fl* 
PdC12(PhCN)2 
SnC12 R’ 

R’-AC*Me + PhCHO w Ph 
4f 

w 
CH&N, 48 h 0 

Rl=I-I, Rk-Bu 6ooc 63% 

Rt=H. R23i-Bu 6ooc 58% 

R*=Me, R&Et 8ooc 28% 

Scheme 2 

RCHO 

PdCI,( PhCN), 
SnCI, 

c 
CH&N, 50 ‘C, 32 h 

4 

0 

0 $ R 
0 

5 

R=+MeooccaH4 5~ (56%) 

R-5 Sb (52%) 

R=t-Bu Sc (0%) 

R=n-C&3 Sd (8%) 

0 

0 
+ -c: R 

0 

6 

th ml 
6b (0%) 

6c (58%) 

6d (20%) 

As shown in S&me 1, some enol esters also nxcted with benzaldehyde under the similar conditions to 

ptoducc the comopondiag Q-a, @unsaturated ketones. The reactivity of an internally oletinic ester such as l- 

ethyl-1-propenyl acetate is lower than that of tuminally olefmic esters. 

A cyclic enol ester, a-angekalactone 4, which had been applied to the condensation with aldehydes in the 

presence of Lewis acid@ reacted with aldehydes under the same conditions as those of the reaction of 1 to 
affoni syn +substituted jMcetylrbutyrolactones 58 and/or 5-substituted 4-acetyl-2(5m-furanones 8 (Scheme 

2). ~Butyrolactones Sa and Sb wcxe only obtained in cases of arenecarbaldehydes, and furanones 6c and 6d 
wcn prodwed in dascs of alkanecarbaldehydes. Furanone 6 should be produced via the fotmation of 5 (aldol- 

type nxction). followed by its dehydrogenation in the presence ofPdCl2(PhCN)2-Snt& and 4.10 

REFERENCES AND NOTES 
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For oxidative addition of acyl-oxygen bond to metal camplcx, see: Yamamoto, T.; Ishizu, J.; Kohara, T.; 

Komiya, S.; Yamamoto, A. J. Am. Ckm. Sot. 1980,102,3758-3764. 

The oxidative addition of 1 to palladium seems to have higher possibility than the coo&u&n of 2 to 

Pd(SnCl3)2(PhCN)z, since dhnethyl acctals of 2 do not mact with 1 under the same conditions as those 

shown in Table 1, entry 3. Tk nzacdon of 1 with acctals is promoted by Lewis acids. Bcnzaldchyde 

dimethyl acetal is molt active than bcnzaldchyde. See mf. la 

For the preparation of tin enolatcs, see: (a) Mukaiyama, T. Pure Appi. C/tern. 1986,58,505-512. (b) 

Mukaiyama, T.; Iwasawa, N. Nippon Kuguku Kuishi 1987,1099-l 107. (c) Pcrcyrc, M.; Quintard, J.- 

P.; Rahm. A. Tin in Orgunic Synthak, Buttenvorths: London, 1987; pp. 286-296. 

4-Acetoxybutan-2-one. 4-chlorobutan-2-one, and 4-hydmxybutan-2-one derivatives, which had been 

pxepadbythemmiondland bamldchydc with Lewis acids,la wue not detected in the teaction with 

PdC&(PhCNj+Cl2 in acctc&rile. 

The structure of q&actones 5tt and Sb was conthwd by the coupling constant (J=7.6 and 8.7 Hz, 

respectively) between b and r-proton on 1H NMR obs@vaOn; see: Okuda, Y.; Nakatsukasa, S.; Oshima, 

K.; Nozaki, H. Chem. Len. 1985.481-484. Sb: IR (KBr) 3066,3035,3006.2929,1773,1717, 

1497,1458,1419,1363,1300,1270,1174,1016,956.765,701; 1H NMR (CDC13) 8 2.16 (s, 3H), 2.86 

(dd, Js19.7, 10.4 Hz, H-I), 2.96 (dd, 5s19.7, 10.4 Hz, lH), 3.51 (dt, 5=10.4, 8.7 Hz, lH), 5.57 (d, 

k8.7 Hz, lH), 7.30-7.43 (m, 5H); MS (nlative intensity) I& 204 (M+, 50), 176 (22). 162 (92), 161 

(lo), 147 (66). 133 (26), 115 (21). 105 (59). 98 (43), 77 (28), 71 (26). 70 (20). 57 (36), 55 (47); 

HRMS calcd for Ct@Ilm: 204.0786, found: 204.0787. 

6~: IR (neat) 2964,2872,1785,1766,1644,1478, 1465, 1442,1383, 1366, 1284,1233.1170, 1153, 

1050, 1026.928.745 cm-t; tH NMR (CDC!l3) C 1.20 (s,9H), 2.11 (s, 3H), 5.98 (s, lH), 6.57 (s, 1H); 

MS (relative intensity) m/z 182 (W, 16). 181(15), 142 (38). 139 (32). 126 (45), 125 (33). 124 (92), 98 

(35), 97 (2O), 57 (100); HRMS calcd for C1fl1403: 182.0942, found: 182.0930. 

Sc,derivedfrom4andpivalatdehydewidrLewisacid*bwasaaMlfumedinto6eat5OoCinacetonitrilein 

the presence of PdCl@hCN)2-SnCl2 and 4. Dchydrogenation of !ib did not pmcccd under the same 

conditions as those of SC but at 80 “C for 8 h (82%). For palladium-catalyzed &hydrogenation of 1,4- 

dike&me. see: (a) Theisscn, R. J. J. Org. Chem. 1971.36,752-757. (b) Khchke, K.; Muller, H.; 

Timm, D. J. Prakt. Chem. 1975,317,807. 

0 

-/j 

PdC12(PhCN)2 2 mol% 0 

0 + 4 
SnC12 1 equiv 

I 0 

0 
CH&N, 50 “C 
12 h, 75% * 4 0 

SC 6c 
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