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The direct and chemospecific prenylation of simpler ter- 
penes to more complex terpenes should prove to be a useful 
approach to such compounds. The fact that trisubstituted 
double bonds can be created with complete stereochemical 
control enhances the utility of this scheme for such a pur- 
pose. 
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Reductions with Copper Hydride. New Preparative 
and Mechanistic Aspects 

Summary: Simple copper hydride reagents are described 
which reduce conjugated carbonyl compounds to the satu- 
rated derivatives; a special effect of added sec-butyl alco- 
hol allows reduction of acrylates and labeling experiments 
establish the sources of the added hydrogens. 

Sir: Since the first suggestions of unique reduction reac- 
tions promoted by complex copper hydrides,’ related re- 

agents have been shown to be of general utility for conver- 
sion of organic halides and sulfonate esters to hydrocar- 
b o n ~ , ~ - ~  and for conversion of a,P-unsaturated ketones into 
saturated  ketone^.^?^ The reagents suggested to be most ef- 
fective are obtained by generation of CuH at  -50°, solubil- 
ization with a second ligand, and filtration at  low tempera- 
t ~ r e . ~ , ~  No general procedures for reduction of cY,&unsatu- 
rated esters have been reported. 

Using the general technique of earlier workers,lY2 we 
have developed simple preparations of effective copper- 
based reagents which provide efficient 1,4 reduction of 
both conjugated ketones and esters, including two exam- 
ples of acetylenic esters. The reductions show features as- 
sociated with electron-transfer processes, including a dra- 
matic increase in efficiency in difficult cases with 2-butanol 
in the medium. In contrast to reduction of halides to hy- 
drocarbons,2 these reactions involve transfer of a hydrogen 
atom from the copper hydride to carbon, specifically the @ 
carbon of the unsaturated carbonyl system. 

The complex hydrido-metallic species are prepared ac- 
cording to eq 1 and 2. The species involving the lithium 
cation (eq 1, here referred to as Li complex) and the paral- 
lel species with the sodium cation (eq 2, Na complex) are 
obtained as brown-black suspensions in tetrahydrofuran by 
simply mixing the reagents a t  0’ under argon and stirring 
for 30 min. A series of unsaturated ketones and esters were 
studied in reaction with both the Li complex and the Na 
complex; the more efficient conversions are displayed in 
Table I. Cyclic enones are best reduced with the Li com- 
plex, as the Na complex gives lower yields (60-70%). With 
chalcone and the ester examples, the Na complex gives bet- 
ter results, especially in the presence of excess 2-butanol. 
In the examples of entries 6, 7, 9, and 10, high molecular 
weight products were the main products with the Li com- 
plex and with the Na complex in the absence of added alco- 
hol. 

n o  

2LiAlH(OCH& + CuBr “Li complex” (1) 
THF 

00 

7°F 
NaAlH2(0CH&H20CH& + CuBr 

“Na complex” (2) 

The procedure is exemplified by the reduction of methyl 
3,4,5-trimethoxycinnamate. Vitride6 (70% in benzene, 2.24 
ml, 16.0 mmol of hydride) was added dropwise to a suspen- 
sion of cuprous bromide7 (1.44 g, 8.0 mmol) in 15 ml of 
THF at  Oo. After 30 min, the mixture was cooled to -78O 
and 2-butanol(1.6 ml, 18.0 mmol) was added, followed by a 
solution of methyl 3,4,5-trimethoxycinnamate (252 mg, 1.0 
mmol) in 4 ml of THF. The mixture was stirred a t  -20° for 
2 hr, quenched with 4 ml of water, and poured into saturat- 
ed aqueous ammonium chloride. After dilution with ether, 
the organic layer was washed successively with water and 
aqueous ammonium chloride solution and concentrated to 
afford a residue of essentially pure methyl (3,4,5-tri- 
methoxypheny1)propionate. Short-path distillation [goo 
(0.01 Torr)] gave a pure sample: 242 mg, 93% yield. 

The reductions of 2,2,6,6-tetramethylhept-4-en-3-one 
and methyl cinnamate were studied in some detail. Both Li 
complex and Na complex give high yields and selective 1,4 
reduction with the ketone. Neither reagent gives high 
yields of methyl 3-phenylpropionate when allowed to react 
with methyl cinnamate in THF. In this case, a major prod- 
uct (isolated in 20-28% yield) is dimethyl meso-3,4-diphen- 
yladipate ( lh9 The formation of 1, an example of hydrodi- 
merization characteristic of electrolytic reduction,1° and 
the tendency to form higher molecular weight products 
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Table I 
Reductions with Copper Hydridea 

- - 

Entry 

1 

2 

3 

4 

5 

6 
I 

8 

9 

10 

11 

CuH 
complexb Products (% yield) Substrate 

6 
b 

PhCOCH-CHPh 

M C0,Me 

M a '  

CH,C=CCO,Me 

12 PhCsCC0,Me 

Li 

Li 

Li 

Li 

Na 

N ad 
Nad 

Na 

Nad 

Nad 

Naf 

Naf 

(98)' A 

?n 

PhCOCH,CH,Ph (65)e PIiCH( 0H)CH-CHPh (0) 

/ v C O . ~ ~  (84) 

,(,CO,Me (92) 

-COIMe (82)' 
P h  

CO,Me 
192)' 

a All reactions were run for 1 hr at -20" according to the general procedure detailed in the text without added 2-butanol 
unless otherwise noted. The yields were determined by quantitative GPC analysis, after isolation of the crude organic pro- 
duct mixture, using internal standards and pure samples of each of the products for calibration. All reactions were com- 
plete unless otherwise noted. b Li refers to the Li Complex of eq 1. Na refers to the Na Complex of eq 2. C The yield is 
based on pure material isolated by distillation. d The medium contained 15 mol equiv of 2-butanol. e The yield is based on 
starting material not recovered (85% conversion). f This reaction was quenched after 15 min at -20". 

may be rationalized by means of an initial electron-transfer 
step to give an intermediate radical anion, 2. This transient 
intermediate could account for oligomeric products 
through preferential coupling (path a) or condensation 
with the starting ester (path b), instead of the hydrogen 
transfer (path c) that leads to the desired monomeric re- 
duction product. Consistent with this scheme and previous 
studies of electron-transfer reactions of enones," addition 
of 2-butanol (-15 mol equiv) to the reaction mixture tends 
to favor the simple reduction product. 

The source of "H" in step c is clearly the hydride origi- 

A I  OMe Ph OMe (from CuH) ph 

ph* Ph H Ph 

3- +e- 

2 .& a. dimerize A b  x condensation 
C0,Me 
COLMe 

nating from the aluminum hydride species in eq 1. For ex- 1 

1 OMe 
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ample, when the Li complex was prepared from LiA1- 
D(OCH3)312 and allowed to react with methyl cinnamate, 
methyl 3-deuterio-3-phenylpropionate was obtained in 20% 
yield.13 With same reagent, 2,2,6,6-tetramethylheptenone 
gave 2,2,6,6-tetramethyl-5-deuterio-3-heptanone in 87% 
yield.14 With the Li complex under the usual conditions, 
but with D20 being added instead of water during isola- 
tion, methyl cinnamate led to 3-phenylpropionate with 
deuterium only in the a position.15 These results suggest 
that the hydrogen added in the @ position arises from the 
copper hydride, while the hydrogen added in the cz position 
results from protons in the medium or added during isola- 
tion. 

That the 2-butanol acts as a proton donor (and not a hy- 
drogen atom donor, from C-2) was shown by the formation 
of unlabeled methyl phenylpropionate (82% yield) from re- 
duction of methyl cinnamate in the presence of 2-deuterio- 
2-butan01.l~ Om the other hand, 2-butanol-0-d leads to 
methyl phenylpropionate with 24% deuterium a t  the a po- 
sition (-50% labeling of one proton) and <1% deuterium in 
the @ position. The effectiveness of 2-butanol appears to re- 
sult from selective proton transfer-slow toward the cop- 
per hydride but rapid enough toward an intermediate (e.g., 
2) to inhibit oligomerization rea~t i0ns . l~  

Two acetylenic esters undergo successful reduction. The 
reaction with methyl phenylpropiolate is highly selective 
for single stage reduction, giving predominately the cis- 
unsaturated ester upon proteolytic isolation. Consistent 
with an a-carboxyvinyl metal intermediate (e.g., 4), the 
yield and geometry of the products depend on temperature 
and duration of' reaction before quenching.18 Longer reac- 
tion times give lower yields and more trans isomer. 
Quenching with DzO provides a mixture of cis- and trans- 
cinnamates with >98% a deuterium (Le., 5) from methyl 
phenylpropiolate and the Na c 0 m p 1 e x . l ~ ~ ~ ~  

H X  

X 
P i  'C02Me 

4, x=cu 
5, X = D  
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Metal Assisted C-C Bond Formation. 
Use of a Methyl Vinyl Ketone Complex in 

Michael Condensations 

Summary:  Methyl vinyl ketone complexed by CbHbFe- 
(CO)z+ is shown to be a powerful acceptor of nucleophiles 
in Michael-type reactions. 

Sir: The addition of kinetically generated enolates to vinyl 
ketones is generally complicated by polymerization of the 
acceptor component under the aprotic conditions required 
to minimize proton transfer and consequent equilibration 
of the donor eno1ate.l 

I t  has recently been shown2 that the polymerization 
problem may be resolved through the use of a-silylated 
vinyl ketones, and a number of such reagents have been 
successfully employed with regiospecifically generated lith- 
ium enolates in ring annelation  reaction^.^,^ 

Since we had previously reported4 that enolates of @-di- 
carbonyls could be condensed with isolated olefins activat- 
ed by coordination with q5-C5H5Fe(C0)2+ (eq I), we were 

Nu 

Fp E q"-C,H,Fe( CO)? 

led to consider extension of these reactions to Michael con- 
densations. Moreover, the powerful activating influence ex- 
erted upon an olefin by metal complexation left open the 
possibility that such reactions might also be effected with 
regiospecifically generated enol derivatives. 

The present paper describes the use of a novel methyl 
vinyl ketone acceptor component (2) in both electroneutral 
and cationic Michael-type condensations. 


