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Summary: Arene*Cr(C0)3-mediated coupling reactions 
of pentadienyl esters ( 7 ~ 4 ,  11, and 13) with carbonyl 
compounds via q5-pentadienylchromium intermediates 
gave the y-adducts regioselectively. 

Previously, we reported that the naphthalene.Cr(C0)3 
complex could catalyze a stereospecific l,&hydrogen shift 
in butadiene derivatives through a U-shaped q5-pentadi- 
enylhydridochromium intermediate 3.1-5 This isomer- 
ization reaction has been successfully used in the stere- 
ocontrolled syntheses of silyl dienol ethers: dienamine 
derivatives: and aromatic ring-substituted exocyclic ole- 
fins5 (Scheme 1). In connection with these projects, we 
have found that treatment of pentadienyl acetate 1 (X = 
OAc) with 20 mol % of naphthalene*Cr(C0)3 in acetone 
at  20 "C for 4 h gave the coupling product 6, albeit in low 
yield (7%), along with recovered 1 (85%) (Scheme 1). 
Under these reaction conditions, none of the isomerized 
product 4 (X = OAc) was detected. The formation of a 
q5-pentadienylacetoxychromium intermediate 6 with nu- 
cleophilic character is suggested. Presumably, after coor- 
dination of the diene in the cisoid conformation (21, oxi- 
dative addition of the C-OAc bond, not the C-H bond, to 
"Cr(C0)3" occurs as shown in Scheme 1. In spite of many 
structural studies on q5-pentadienylchromium species and 
other group VIB metal complexes,6 not much attention 
has been paid to their reactivity and synthetic p~ ten t i a l .~  
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These facts prompted us to investigate the reaction of 
pentadienyl ester derivatives with arene*Cr(CO)s com- 
plexes. Here, we report a novel coupling reaction of 
pentadienyl esters with carbonyl compounds mediated by 
arene.Cr(C0)~ complexes which proceeds through a q5- 
pentadienylacetoxychromium complex. 

First, we examined the coupling reaction of the pen- 
tadienyl acetate 7as and found that treatment of 7a with 
(methyl benzoate)Cr(C0)3 (2 equiv) and butanal (2 equiv) 
a t  120 "C for 43 h in the presence of KzC03 (1.5 equivIg 
gave the coupling product 8a in 63 % yield together with 
9 (26%) (Table 1, entry 1). Similarly, reaction of 7a with 
benzaldehyde and o-methylbenzaldehyde under the same 
conditions afforded 8b and 8c in 51% and 48% yields, 
respectively (entries 2 and 3). In all cases, the C-C bond 
formation occurred at  the y-position regiospecifically, but 
no diaatereoselectivity (syn, anti) was observed. Ketones 
were also studied as substrates, and reaction of acetate 7a 
with 4-methyl-2-pentanone gave the coupling product 8d 
in only 22% yield. A regioisomeric mixture of dienes 9 
was obtained as the major product (63 % 1. These formal 
reduction products 9 are presumably formed by proto- 
nation of the nucleophilic q5-pentadienylacetoxychromium 
intermediate, and this pathway seems to become eignif- 
icant in the case of a less reactive bulky ketone such as 
4-methyl-2-pentanone. In an attempt to improve the yield 
of coupling product 8d, we investigated Lewis acid 
activation of the carbonyl group. While Lewis acids such 
as TMSOTf, BFrOEt2, TiCL, and EtzAlCl did not increase 
the yield of the coupling product, the addition of 2 equiv 

(8) Pentadienyl esters 7a-7d were easily prepared from the corre- 
sponding alcohol i.' 

70 : AQO, NEIj, DMAP. CHzCIz, 0 'C (9%) 
7b : P S I ,  pyridine, CH2C12, R (96%) 
7c : MeOCOCI, pyridine, CH,CIz, rt (95%) L OPV 74 : BzCI, pyridine, CHzCIz, rt (100%) 

I 

(9) seems to be effective in preventing the olefin isomerization 
of the coupling product at high temperature. At low temperature,reaction 
in the absence of K2COs usually gave results similar to that in the presence 
of K&Oa except when the benzoate was used as a substrate. K2COs seeme 
to enhance the reaction rate of the benzoate substrate (Table 2, entries 
5 and 6). 
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On treatment of pentadienyl acetate ‘la with 2 equiv of 
naphthalene*Cr(C0)3 and butanal in THF a t  55 OC, the 
coupling product 8a was formed in 47 % yield. The major 
byproduct of this reaction was again the regioisomeric 
mixture of dienes 9. It is possible that the acidic 
a-hydrogen of the acetoxy group is protonating the 
proposed intermediate 5 to give 9, and in an effort to 
improve the yield of the coupling product, we investigated 
the coupling reaction of various esters 7b-7d8 having no 
acidic a-hydrogen. When the benzoate 7d was used as a 
substrate, the yields of the coupling products 8a or 8b 
were increased to 75% (entries 4-6). In addition, the 
pivaloate 7b and carbonate 7c afforded increased yields 
of coupling products (entries 2 and 3). However, it is still 
not clear that the a-hydrogen of the acetoxy group is the 
only proton source, since significant amounts of the 
reduction products 9 are still formed in some cases. It is 
also noteworthy that the reaction rate of the benzoate 7d 
is significantly faster than that of other esters studied. 

This methodology has also been successfully applied to 
an intramolecular coupling reaction. The requisite alde- 
hyde 11 was readily prepared as shown in Scheme 2. 
Treatment of this substrate with naphthaleneCr(C0)s (2 
equiv) in THF at  90 OC for 5 h was found to give the 
cyclized product 12 in 66% yield. It is notable that the 
relative stereochemistry of the vinyl and the hydroxy group 
in the cyclized product was exclusively cis, although no 
selectivity in the stereochemistry of the ring-juncture 
carbon was 0b~erved.l~ 

We investigated the chemoselectivity of this coupling 
reaction. Our studies of the arene*Cr(C0)3-catalyzed 
hydrogenation and isomerization reactions have shown 
that “Cr(C0)3” has a strong preference to form 18-electron 
complexes such as 3 and 5. Thus, this reagent should be 
able to discriminate a pentadienyl acetate from a simple 
allylic acetate. To test this hypothesis a substrate 13 which 
has both a pentadienyl and allyl acetate group in the same 

Table 1. (Methyl benzoate)Cr(CO)a-Mediated Reaction of 
7a 

L O P v  
(methyl ben~oate)Cr(CO)~ 

AcO (2equiv) R’ 

RCOR’ (2 equiv) OH 8a-8d 
c 

L O P v  ? a  K2C03 (1.5 equiv) Lop, ./ 
9 

THF, 120 OC 

carbonyl compd coupling reduced 
entry R’ = R = time (h) product (% 1 products (% ) 

1 H ”Pr 43 8a (63) 9 (26) 
2 H P h  48 8b (51) 9 (30) 
3 H o-MePh 45 8c (48) 9 (30) 
4 Me ‘Bu 48 8d (22) 9 (63) 
5” Me ‘Bu 12 lob (63) 9 (33) 

0 ZnClz (2 equiv) was used as an additive. * No y-product 8d was 
obtained. 

Me OPV 

OH 10(mainly€ ,E:Z ,€=4:1)  

of ZnCl2 accelerated the reaction to give the a-substituted 
product 10 in 63% yield (entry 5).1° Since this drastic 
change of regiochemistry is quite interesting from a 
mechanistic point of view, we also examined the reaction 
of 7a in the presence of ZnCl2 with various aldehydes or 
ketones.ll In all cases, rate enhancement was observed; 
however, the regioselectivity (a vs y) varied depending on 
the structure of the carbonyl compound. The observed 
change in regioselectivity and the isomerization of the 
stereochemistry of the double bond in the coupling 
products suggest the intermediacy of a pentadienyl zinc 
species12 produced by the transmetalation from Cr to Zn. 

We also studied the coupling reaction using naph- 
thalene.Cr(CO)s, a complex that is expected to give the 
active “Cr(C0)3” species a t  lower temperature (Table 2). 

Table  2. NaphthaleneCr(C0)~-Mediated Reaction of 7a-7d 

R‘CHO (2 equiv) R&OPV 
OH 8% b naphthalene*Cr(C0)3 

(2 equiv) 

L O P V  K2CO3 (1.5 equiv) c Lo, .-,e‘ ?a-d THF, 55 O C  

9 

coupling reduced recovery 
entry ester R =  aldehyde R’ = time (h) product ( % ) products ( % ) of SM (%) 

1 7a Ac 
2 7b Pv 
3 70 COOMe 
4 7d BZ 
5 7d BZ 
6“ 7d BZ 

No K&O3 was used. 

nPr 68 8a (47) 9 (36) 12 
nPr 49 8a (60) 9 (trace) 21 
‘Pr 49 Sa (68) 9 (12) 17 
nPr 25 8a (75) 9 (trace) 
P h  25 8b  (70) 9 (20) 
P h  50 8b (75) 

(IO) ZnBrz and ZnIl also have similar effects on the reaction affording 
10 in 40% and 54% yields, respectively, together with 9 (41 % and 33% ). 

(11) Reaction of 7a with various carbonyl compounds in the presence 
of ZnClz gave the coupling products at the a-position and y-position in 
the following yields: butanal, a O%, y 50%; benzaldehyde, a O%, y 70% ; 
4-methyl-2-pentanone, a 63%, y 0% ; l-phenyl-2-propanone, a 0%, y 
75%; l-phenyl-2-butanone, a 27%, y 14%; phenyl trimethylsilyl ketone, 
a 5776, y 17%. 

(12) (a) Gerard, F.; Miginiac, P. Bull. SOC. Chim. Fr. 1974, 1924. (b) 
Gerard, F.; Miginiac, P. Bull. SOC. Chim. Fr. 1974,2527. (c) Yasuda, H.; 
Nakamura,A.J. Organomet. Chem. 1986,285,15. Id) Yasuda, H.;Ohnuma, 
Y.; Nakamura, A.; Kai, Y.; Yasuoka, N.; Kasai, N. Bull. Chem. SOC. Jpn. 
1980,53, 1101. 

(13) The two diastereomers of 12 (12a:lZb = 1.3:l) were separated 
after conversion to the tert-butyldimethylsilyl ethers (tBuMdiC1, 
imidazole, DMF, rt, quant). The stereochemistry of each diastereomer 
was determined by NOE experiments and analysis of coupling constants 
in its 1H-NMR spectra. 

1 2 8  12b 
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Scheme 2* 
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naphthalene*Cr(C0)3 8; 
(2 equiv) 

THF, 90 "C, 5 h 
w 

11  (6696) 1 2  

"Key: (a) ICH2CH20TBDPS, Cs2C03, DMF, 70 "C (62%); (b) 
p-NHzPhSH, Cs2CO3, DMF, 85 OC (100%); (c) LDA, TfzNPh, THF, 
0 "C (99%); (d) propargyl alcohol, cat. PdClz(PPhd2, CUI, EhNH, 
DMF, r t  (91%); (e) (Si&BH, 0 'C then AcOH, 65 "C, NaOH-H& 
(75 % ); (0 AczO, DMAP, NEb, CH2C12, rt (91 % ); (g) TBAF, THF, 
rt (75%); (h) (COCl)Z, DMSO, NEt3, CH2C12, -78 to -30 OC (95%). 

molecule was prepared.14 As expected, treatment of 13 
with 2 equiv of naphthalene*Cr(C0)3 and 2 equiv of butanal 
afforded the coupling product 14 (40%) as well as the 
reduction product 15 (45 % ). No coupling or reduction of 
the allylic acetate functionality was observed under these 
reaction  condition^.^^" Thus, the pentadienyl acetate was 
~~ ~ 

(14) The diacetate 13 and the dibenzoate ii were prepared as follows: 
1) TBDMSCI, imidazole. DMF (82%) 

3) (COCI)2, DMSO, CH2Cl2 then N E t  (88%) 
4) ('Pr0)2POCH2C02Me, 'BuOK, THF (93%) 

2) LIAIH., E120 (95%) 

13 or I 1  
OPv 5) DIBAL. E120 (90%) 

6) TBAF, THF (90%) 

L 
7) AcpO, EtN, CH2Ci2 (quant) 

or BzCI. EbN, CH2C12 (96%) 

(15) Treatment of 13 with naphthalene*Cr(C0)3 in the absence of 
carbonyl compound afforded 15 in 95% yield. No reduction of the allylic 
acetate functionality was observed:. 

(16) Reaction of the dibanzoate 1i14 under similar conditions gave iii 
and iv as major products; however, a small amount of diol v was also 
formed in this case. This indicates that the allylic benzoate functionality 
is sensitive to the reaction conditions, but it is far less reactive than the 
pentadienyl benzoate. Coordination of the benzoate carbonyl to form a 
q3-allyl(benzoyloxy)chromium intermediate with an 18-electron config- 
uration (vi) may explain the formation of small amounts of v. 

"PrCHO f 6 
naphthaleneCr(CO), 

010 

THF. 55 "C 

Scheme 3 

1 3  "PrCHO [ ~ O A ~  
1 5  

selectively activated by naphthaleneCr(C0)3 in the pres- 
ence of an allylic acetate. This represents a unique 
character of this chromium reagent (Scheme 3). 

In conclusion, selective "umpolung" of pentadienyl esters 
has been achieved with areneCr(C0)a to afford coupling 
products a t  the y-position with aldehydes in up to 75% 
yield.18 Direct pentadienylation of carbonyl compounds 
with pentadienyl alkali metals has less utility in organic 
synthesis because a mixture of products is obtained 
through competitive coupling a t  the a- and y-positions of 
the pentadienyl g r 0 ~ p . l ~  This novel reaction employing 
a q5-pentadienylacetoxychromium species has several 
advantages over those employing alkali metal species such 
as (1) perfect y-selectivity, (2) easily preparable and stable 
esters as pentadienyl precursors, (3) very mild reaction 
conditions for the generation of a pentadienyl anion 
equivalent, and (4) unique chemoselectivity for the (&E)- 
pentadienyl acetate. Further mechanistic studies on this 
novel C-C bond-forming reaction and its application to 
organic synthesis are in progress. 

Supplementary Material Available: General experimental 
procedures and spectral data for compounds 6,7a-d,8a-d, and 
4-15 (30 pages). This material is contained in libraries on 
microfiche, immediately follows this article in the microfilm 
version of the journal, and can be ordered from the ACS; see any 
current masthead page for ordering information. 

(17) Reaction of (E&)-pentadienyl acetate vii with butanal under the 
same conditions as Table I, entry 1, gave only a 3% yield of viii with 
recoveryof 58% of the starting material. This low reactivity of the (E$)- 
pentadienyl acetate group supports the fact that formation of the U-shaped 
q6-pentadienylacetoxychromium intermediate 5 is a key for this reaction. 

npr&o*c 

OH vlll (3%) . .  
A + 

recovery of VI1 (58%) 
A C O W  OAc 

VI1 

(18) Coupling reaction of (E,E)-l-bromo-2,4-hexdiene with benzal- 
dehyde mediated by CrClz has been reported by Hiyama et al. to give the 
yadduct. This Cr(I1) reagent also reacts with allylic bromides. See: 
Hiyama, T.; Kimura, K.; Nozaki, H. Tetrahdron Lett. 1981, 22, 1037. 

(19) Paget, W. E.; Smith, K.; Hutchings, M. G.; Martin, G. E. J. Chem. 
Res,. Synop. 1983, 30. See also ref 12 and references cited therein. 


