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,COOMe ,COOMe 

19 (75%) 14-17 12 (85%) 11 (82%) 

R n yield, % 
14 (CH2)3 3 90 
15 (CHz), 4 87 
16 (CHz)2CHMe 3 82 
17 CH2CHMeCHz 4 70 

In converting 5-iodo-1-pentyne into 11 via 3, we added 
n-BuLi (2.4 M, 12.5 mL, 30 mmol) in hexane at -90 "C to 
a solution of 5-iodo-1-pentyne (5.82 g, 30 mmol) in 30 mL 
of hexane. After the mixture was stirred at  -78 "C for 1 
h, EtZnCl (1.0 M, 33 mL, 33 mmol) in CH2Clz, prepared 
from 16.5 mmol each of EtzZn and dry ZnC12, was added 
at  -78 "C, and the mixture was warmed to room temper- 
ature over 1-3 h. The solvents were removed under di- 
minished pressure at  or below room temperature. To the 
residue were added sequentially 60 mL of THF and a 
solution of allylzinc bromide prepared from allyl bromide 
(5.44 g, 45 mmol) and Zn (2.94 g, 45 mmol) in 30 mL of 
THF. The reaction mixture was stirred for 12 h at  room 
temperature, quenched at  -78 "C with iodine (25.4 g, 100 
mmol) in 30 mL of THF, warmed to room temperature, 
and treated sequentially with pentane, aqueous NH4C1, 
and Na2S2O3. The organic phase was washed with NaH- 
COS and brine, dried over MgS04, concentrated, and dis- 
tilled to provide 6.25 g (86%, 93% by GLC) of 3: bp 71-74 
"C ( 5  mm); IR (neat) 3040 (w), 1630 (w), 900 (s) cm-'; 'H 
NMR (CDCl,, Me4&) 6 1.8-2.1 (m, 2 H), 2.1-2.5 (m, 2 H), 
2.5-2.8 (m, 2 H), 2.8-3.0 (m, 2 H), 4.9-5.2 (m, 2 H), 5.5-6.0 
(m, 1 H); 13C NMR (CDCl,) 6 23.36, 33.83, 37.68, 44.17, 
91.54, 116.10, 134.12, 145.69. Anal. Calcd for C8HllI: C, 
41.05; H, 4.74. Found: C, 41.27; H, 5.01. To a glass vial 
containing a magnetic bar were sequentially added 3 (0.71 
g, 3.0 mmol) in 3 mL each of benzene and CH3CN, 
methanol (0.38 g, 12 mmol), triethylamine (0.45 g, 4.5 
mmol), and ClZPd(PPh3), (0.11 g, 0.15 mmol). The vial 
was placed in an autoclave, which was then charged with 
carbon monoxide (40 atm) and heated to 100 "C for 24 h 
in a stirred oil bath. The usual workup and distillation 
gave 0.48 g (82%) of 11: bp 100-105 "C (0.15 mmHg, 
Kugelrohr); IR (neat) 1735 (s), 1695 (s), 1633 (m), 1215 (s), 
1168 (9) cm-'; 'H NMR (CDCl,, Me4&) 6 2.2-3.1 (m with 
peaks at  2.40, 2.47, 2.57, 2.77, 2.81, 2.99, and 3.13, 11 H), 
3.70 (8, 3 H); I3C NMR (CDCl,, Me4Si) 6 24.70, 27.61, 32.00, 
32.66, 35.30, 48.50, 51.53, 147.65, 172.39, 185.14, 202.72; 
high-resolution mass spectrum calcd for CllH1403 194.0943, 
found 194.0937. 
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Umpolung of a-Allylpalladium Intermediates. A 
Chemoselective Reductive Elimination of Diols 

Summary: The dicarbonates of enediols undergo reductive 
elimination to form conjugated dienes by using a catalytic 
amount of a Pd(0) complex wherein either the alkoxide 
liberated from the carbonate or triisopropyl phosphite 
serves as a stoichiometric reducing agent. 

Sir: Due to the importance of carbonyl additions for C-C 
bond-forming reactions and the abundance of carbohy- 
drates as starting materials, methods for deoxygenation 
have become powerful tools for synthesis.'vZ Palladium- 
based methods for simple deoxygenation have normally 
required a hydride s ~ u r c e , ~  electrolysis, or a low-valent 
metal reductant! We wish to report that Pd(0) complexes 
can catalyze the reductive cleavage of enedicarbonates 
under very mild conditions either in the absence of any 
exogenous reducing agent or in the presence of a phos- 
~ h i t e . ~  The reactions appear to involve the a-allyl- 
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palladium intermediate serving as a nucleophile rather 
than its normal reactivity as an electrophile.6 

Initially, the dicarbonate la was subjected to 
(dba)3Pdz-CHC13 (217" in the presence of at room 
temperature. None of the anticipated cyclization product 
3a formed. In its stead, the diene 4a8 formed in 73% 
isolated yield. The 16-Hz coupling constant for the pro- 
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OCO,CH, l a , n = 2  
b . n = l  3 

E 

E 

4 

5 a , n = 3  6 
b , n = O  

tons on the disubstituted double bond indicates the E 
stereochemistry as depicted. The analogue 1 b behaved 
identically to give a 60% isolated yield of (E)-diene 4b. 

In contrast to the above cases, subjecting the enedi- 
carbonate 5a to the same conditions showed incomplete 
consumption of starting material (60% recovered) and 
clean formation of the diene 6a8 (30%, 94% based upon 
recovered starting material). We attributed the low extent 
of reaction to the lack of an adequate stoichiometric re- 
ducing agent to convert Pd(I1) to Pd(0). Earlier work in 
our laboratories suggested triisopropyl phosphite (7) was 
a satisfactory reducing agent for Pd(I1)  carboxylate^.^ 
Indeed, adding 80 mol % of phosphite 7 effected complete 
consumption of starting material and produced a 57% 
isolated yield of diene 6a. 

Other reducing agents were examined in the conversion 
of dicarbonate 8 to 5-phenylpenta-1,3-diene (9).8 Use of 
complex 2 as the Pd(0) source and dppe gave poor results 
with chromous chloride. Clean formation of diene occurred 
with 1-hexene as reductant, but reaction only proceeded 
to partial completion. The volatile diene formed in 56% 
isolated yield by using 5 mol % 2 and 80 mol % phosphite 
7 in THF at room temperature, a set of conditions that 
became our standard. Dramatic solvent effects were ob- 
served. As depicted in eq 1, whereas only diene 9 was 
observed in THF, switching to benzene or DMSO, but 
keeping all reagents constant, gave substantial byproducts 
10 (15%)1° and 11 (45%),1° respectively. 

(6) For umpolung of 9-allylpalladium intermediates, see: Trost, B. M.; 
Herndon, J. W. J .  Am. Chem. SOC. 1984, 106, 6835. Mataubara, S.; 
Oshima, K.; Wakamatsu, K.; Morizawa, Y.; Tsubonwa, N.; Oshima, K.; 
Nozaki, H. Bull. Chem. SOC. Jpn. 1985,58,1196. Saeaoka, S.; Yamamoto, 
T.; Kinoshita, H.; Inomata, K.; Kotake, H. Chem. Lett. 1985, 315. Ta- 
buchi, T.; Inanaga, J.; Yamaguchi, M. Tetrahedron Lett. 1986,27,601. 
Masuyama, Y.; Kinugawa, N.; Kurusu, Y. J. Org. Chem. 1987,52,3703. 

(7) (a) dba = dibenzylideneacetone; Ukai, T.; Kawazura, H. Ishii, Y.; 
Bonnet, J. J.; Ibers, J. A. J.  Organomet. Chem. 1974, 65, 253. (b) dppe 
= 1,2-bis(diphenylphosphino)ethane. 

(8) All new compounds have been fully characterized. 
(9) Lynch, J., unpublished observations in these laboratories. Trost, 

B. M.; Nanninga, T. N. J .  Am. Chem. SOC. 1985,107,1293. Trost, B. M.; 
Renaut, P. J .  Am. Chem. SOC. 1982, 104, 6668. 

t OCO,CH, 

OC02CH, 

12 

10 ~ D M S O  

CHO 
+ Ph- \ 

11 

The geometry of the product is not related to the ge- 
ometry of the starting material. Thus, the (2)-olefin 1211 
also produced only the (E)-diene 9 in 60% isolated yield. 
Monitoring the reaction reveals that (2)- to (E)-olefin 
isomerization of the starting material (i.e., 12 to 9) pro- 
ceeded faster than elimination-a fact that suggests the 
methyl carbonate anion remains intact for some period of 
time. 

Using our standard conditions, the chemoselectivity was 
examined as shown in eq 2 to form only the (E)-dienes 13.8 

13 

R :  a .  HOCH, (60%) ;  b. AcOCH, (64%). c, OCH (67%) .  d ,  BrCH2 
(69%); e,CH2=CHCO ( 7 4 % )  

Remarkably, the reaction showed little sensitivity to 
functional groups ranging from free hydroxyl groups to a 
very reactive terminal vinyl ketone. The acetate 13b is the 
sex pheromone of the red bollworm moth, Disparopsis 
castaneu,l2J3 a major pest of the African cotton crops, 
which previous workers had difficulty obtaining as a pure 
E-isomer.14 

The stereochemistry of the bis elimination, as well as 
its application to the synthesis of a theoretically interesting 
hydrocarbonls was pursued by studying the reductive 

(10) The formation of 10 and 11 can be rationalized as depicted in eq 
1. 

Ph-OCOzCH, - 11 

(11) The (2)-olefin 12 was produced as outlined in eq ii 

(12) For reviews, see: Hendrick, C. A. Tetrahedron 1977,1845. Brand, 
J. M.; Young, J. C.; Silverstein, R. M. Fortschr. Chem. Org. Naturst. 1975, 
37, 1. 

(13) Nesbitt, B. F.; Beevor, P. S.; Cole, R. A.; Lester, R.; Poppi, R. G. 
Nature (London), New Biol. 1973, 244, 208. 

(14) Nesbitt, B. F.; Beevor, P. S.; Cole, R. A.; Lester, R.; Poppi, R. G. 
Tetrahedron Lett. 1973,4669. Mori, K. Tetrahedron 1974,30,3807. For 
a stereoselective synthesis, see: Tanaka, S.; Yasuda, A.; Yamamoto, H.; 
Nazaki, H. J .  Am. Chem. SOC. 1975, 97, 3252. 
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eliminations of 1416 and 15," both available from the 
Diels-Alder adduct of cyclopentadiene and benzoquinone. 
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Scheme I. Mechanistic Rationale for Pd(0)-Catalyzed 
Reductive Elimination 

CH302CO CH30,C0 
I I 

14 
CDCIJ 

-30 'C 

L - L  L 

$W 
CH,O,CO 

1 5. 

18 

Whereas 14 reacted smoothly in 6 h to give the triene 16 
in addition to some aromatic product 17 (the latter coming 
in part by oxidation of 161, the trans dicarbonate 15 failed 
to produce any triene 16. It should be noted that the triene 
16 is obtained in three steps with a 43% overall yield from 
the benzoquinone-cyclopentadiene Dieh-Alder adduct in 
contrast to the literature route of six steps and 12% overall 
yield from this same adduct.lSa 

The above results are consistent with the mechanism 
outlined in Scheme I. The initial step presumably is the 
normal Pd(0)-induced ionization with inversion of con- 
figuration to give the cationic complex 19.18 Coordination 
of the carboxylate leaving group,19 either intact as 20a or 
with extrusion with carbon dioxide as 20b, enhances the 
nucleophilic properties of the allylpalladium complex.20 
The fact that acetates are not and carbonates are good 
substrates suggests that the higher nucleophilicity asso- 
ciated with the palladium complex bearing the stronger 
donor methoxide ligand 20b rather than a carboxylate 
ligand as in 20a is necessary for the second ionization to 
give diene and a Pd(I1) complex 21.21 The known P-hy- 
drogen insertion associated with the noble metal alkoxides 
which, in effect, reduces the metal provides a pathway for 
the reduction of 21 if X = OCH3 to regenerate the requisite 
Pd(0) catalyst.22 The inefficiency of this reduction 
mechanism limited the useful cases where only phosphines 
could be employed as ligands for palladium to only 5a and 
5b. On the other hand, the ability of triisopropyl phosphite 
to reduce Pd(I1) allows this compound to serve both as 
ligand and reducing agent (where it is converted to tri- 
isopropyl phosphate) to reform Pd(0) and maintains the 
catalytic cycle. The comparison of 14 and 15 reveals that 
the second ionization also occurs with inversion-an overall 
cis reductive elimination. In acyclic systems, it appears 

~- 

(15) (a) Rye, A. R.; Wege, D. Aust. J. Chem. 1974, 27, 4943. (b) 
Grimme, W.; Mauer, W.; Sarter, C. Angew. Chem., Int. Ed. Engl. 1985, 
24, 331. 

(16) Equation iii outlines the synthesis of 14. 

(iii) 
88x 

A 

(17) The trans-dicarbonate 15 was synthesized from diol A by per- 
forming a Mitaonubu alcohol inversion of the monosilyl ether of A fol- 
lowed by acylation to the dicarbonate. 

I -OC02CH3 
OCO,CH, 

19 

c H 3 0 2 c 0 ~  cH302c0& 

and/or and/or d 

Pd 
L' I 'x 

a,  x = OCO.pi:, 
b ,  X = OCH3 

+ + L,PdX - L,Pd(O) 
-OC0,CH3 

21 

that isomerization of the initial r-allylpalladium complex 
19 is faster than fragmentation to diene-thus the stere- 
ochemistry of the starting diol is irrelevant. On the other 
hand, the absence of an easy isomerization mechanism in 
cyclic systems requires a cis diol for elimination. 

The proposed inversion of the electronic sense of the 
electrophilic cationic complex 19 by coordination of an 
anionically charged ligand opens a new approach for use 
of such complexes in synthesis. The facile chemoselective 
deoxygenation of enediols via their dicarbonates appears 
to be a fruitful approach for diene synthesis. 
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