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A preparation of a Zn-Cu couple in an 02-free system is described. This couple has been employed to reduce a va- 
riety of organic halides to hydrocarbons in water-containing ether solvents. This Zn-Cu preparation is exceptional 
in that reactions are carried out under mild conditions which are readily reproducible. 

We wish to describe the use of an improved Zn-Cu couple 
for the reduction of organic halides in solvents containing H2O 
or D20. Several groups have previously employed such a re- 
action.'-3 This preparation differs from others in that all 
manipulations of the Zn-Cu are performed in an oxygen-free 
~ y s t e m . ~  The couple thus formed reacts with organic halides 
in ether solvents under mild and reproducible conditions. 

Results and Discussion 
A typical reduction was carried out as indicated in eq 1. 

R-x + D ~ O  + Zn-Cu ether R-D (1) 
solvent 

25 mmol 25-30 mmol 100 mmol 
The Zn-Cu couple is formed from zinc dust and an acidic 

solution containing about 3 mol % cupric chloride. After its 
formation the metal is thoroughly washed with water to re- 
move inorganic salts, with acetone to remove any remaining 
water, and finally with diethyl ether. After drying at room 
temperature under vacuum the metal is a very fine black 
powder. An excess of this material is employed. 

Water-miscible ethers are the preferred solvents in this 
reaction. Convenience in the workup largely determines the 
choice of the particular ether. Representative examples are 
given in the Experimental Section. 

Reductions which have been carried out by this method are 
shown in Table I. Activated alkyl halides react smoothly a t  
room temperature (entries 1-9). Simple haloalkane require 
somewhat higher temperatures for reaction (entries 10-13). 
Aromatic and vinyl halides are even less reactive and typically 
require longer reaction times (entries 14-20). A primary tos- 
ylate (entry 21) does not react. 

Clean monodeuteration (per halogen) is found in this re- 
action even in cases where deuterium incorporation by ex- 
change might be anticipated (entries 1-7). This allows for the 
preparation of compounds not readily obtainable by other 
methods. For example, the conversion of ketones to their cy- 
monodeuterio analogues can be readily accomplished by the 
preparation and purification of the monobromo derivative, 
followed by reduction with Zn-Cu in the presence of deute- 
rium oxide. 

Stereospecificity in the reduction of vinyl halides appears 
to depend on the system. The cis,cis isomer of 1,4-dichlo- 
robutadiene reduces cleanly to the cis,cis isomer of 1,4-di- 
deuteriobutadiene (entry 15). The other two isomers (entries 
16 and 17) are less clean with the cis,trans isomer contami- 
nated with about 1% of the others and trans,trans containing 
13% cis,trans and 2% cis,cis. The simple vinyl iodide trans- 
1-iodo-1-heptene gives a mixture of cis-ltrans-l-deuterio- 
1-heptene (entry 20). Additional work is needed before this 
feature can be understood. 

Reaction of iodobenzene or 2-bromoheptane with Zn-Cu 
in the absence of water leads to a soluble species which yields 

hydrocarbon product on addition of H20. This suggests an 
organozinc species5 although no attempt has been made as yet 
to isolate these intermediates. 

Analysis. The product deuterium content was determined 
by conventional mass spectrometry or in many cases by an 
analysis of the 1:3C nuclear magnetic resonance (13C NMR) 
spectrum. A typical proton decoupled 13C NMR spectrum 
consists of single lines, one for each magnetically nonequiva- 
lent carbon. Replacement of a proton with a deuteron results 
in a splitting of the carbon signal ( JCD is typically 20 Hz) and 
a change in chemical shift.fi In general, for the saturated car- 
bon signals examined, a 0.20-0.36-ppm upfield shift per di- 
rectly bonded deuterium was observed (see supplementary 
material). Operationally this allows for the observation of a 
small amount of C-H impurity in the presence of C-D mate- 
rial. The method7 can be made quantitative by integrating the 
spectrum under the proper machine conditions or, preferably, 
by recording the spectrum of a sample before and after spiking 
with a known amount of perprotio material. Figure 1 shows 
the methyl 13C NMR region of toluene-d 1 both before and 
after the addition of 6 mol % toluene. This method of analysis 
is particularly effective if deuterium incorporation in the 
90-100% range is encountered.8 

Experimental Setion 
Zinc dust was obtained from Fisher. Deuterium oxide (99.8% dz) 

was obtained from Stohler Isotope Chemicals. Solvents were dried 
by standard procedures. Highest deuterium incorporations were 
obtained if the dried solvents were treated with a small portion of 
deuterium oxide and then redried before use. All reactions were 
performed in flame-dried glassware in an atmosphere of dry nitrogen. 
Magnetic resonance spectra were recorded using a Varian XL-100 or 
T-60 spectrometer and the data are reported using the d scale relative 
to internal tetramethylsilane. Mass spectra were recorded on an Atlas 
MS-9, Varian Synchrotron, or Du Pont 21-490B mass spectrometer. 
Raman spectra were obtained using a Spex 1401 Raman double 
spectrometer. The exciting radiation was supplied by an argon laser 
operating at 4880 8, and 300 mW. 

Zinc-Copper Couple. All steps in the Zn-Cu couple preparation 
were performed in an oxygen-free environment. Zinc dust (6.5 g, 100 
mmol) was suspended in distilled water (10 ml). Acidic cupric chloride 
solution (0.15 M in 5% hydrochloric acid, 22 ml) was added with vig- 
orous magnetic stirring. When the evolution of gas ceased the sus- 
pension was filtered and the black solid was washed with water until 
the wash gave a negative test with 6% silver nitrate solution. The 
Zn-Cu was then washed twice with acetone. Highest deuterium in- 
corporations were obtained if the acetone washes were followed by 
a deuterium oxide wash and then two more acetone washes. Finally 
the Zn-Cu was washed twice with diethyl ether and dried under 
vacuum at room temperature. After drying the Zn-Cu was ready for 
the addition of solvent, deuterium oxide (-27 mmol), and substrate 
(-25 mmol). 
1,4-Dideuteriobutadiene. Isomerically pure 1,4-dichloro-1,3- 

butadiene9 (3 g, 25 mmol) was added to Zn-Cu (prepared from 15 g 
of zinc) in dioxane (50 ml) containing deuterium oxide (5 g, 250 mmol). 
The mixture was magnetically stirred and refluxed for 4 h while the 
1,4-dideuterio-1,3-butadiene was trapped at -78 "C from a slow 
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Figure 1. The methyl region from the 13C NMR spectrum of tolu- 
ene-a-dl. (A) before the addition of perprotiotoluene; (B) after the 
addition of 6 mol % perprotiotoluene. The arrow indicates the location 
of the new absorption. 

stream of nitrogen. Isolated yields ranged from 70 to 90%: lH NMR 
6 4.95 (terminal) and 6.27 (interior); Raman (neat) 1226 and 2260 cm-' 
(see supplementary material); mass spectrum (12 eV) mle (re1 in- 
tensity) 57 (5), 56 (100, M+), 55 (7); compare C4Hs mass spectrum (12 
eV) mle (re1 intensity) 55 (5), 54 (100, M+), 53 (5). The &,trans- and 
trans,trans-1,4-dichlorobutadienes undergo a small amount of 
isomerization to the more stable cis,cis isomer under these conditions. 
Raman data for the three 1,4-dideuteriobutadiene isomers will be 
included in the supplementary material. 

The following is a typical procedure for activated alkyl halides. 
2-Butanone-341. 3-Bromo-2-butanone (3.8 g, 25 mmol) was 

added to Zn-Cu (prepared from 15 g of zinc) in tetraglyme (20 ml) 
containing deuterium oxide (0.5 ml). The mixture was magnetically 
stirred a t  room temperature for 1 h. A high-vacuum, closed system 
distillation followed by drying with magnesium sulfate yielded 2- 
butanone-3d1 (1.2 g, 67%): 'H NMR 6 1.0 (d, 3 H),  2.1 (s, 3 H), 2.3 (m, 
1 H); 13C NMR 6 7.9 (s), 28.9 (s), 36.0 (t), 205.4 (s). 

The following is a typical procedure for unactivated alkyl ha- 
lides. 

Octane-2-dl. (+)-2-Bromooctane [1.15 g, 6 mmol, [ a ] D  27 ( c  = 
1.74, ethanol)] was added to Zn-Cu (3.76 g) in tetrahydrofuran (20 
ml) containing deuterium oxide (0.40 ml). The bromooctane also 
contained some carbon tetrabromide and bromoform which were also 
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reduced under these conditions. The mixture was heated a t  45 "C for 
16 h. The remaining Zn-Cu was removed by centrifugation and the 
supernatant liquid was added to water (100 ml) containing hydro- 
chloric acid (0.5 ml). The water was extracted with pentane (4 X 2 ml), 
and the pentane was washed with 5% sodium bicarbonate solution and 
saturated sodium chloride solution. After drying with magnesium 
sulfate the product (0.285 g, 42%) was isolated by preparative GC (10 
f t  X 0.25 in. 5% OV-101 a t  45 "C): [ a ] D  <0.04 (c 13.75, ethanol); mass 
spectrum (70 eV) m/e (re1 intensity) 116 ( 5 ) ,  115 (51, M+), 114 (3), 86 
(58). 85 (661, 43 (100). 
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Supplementary Material  Available. The Raman spectra and a 
table of normalized Raman intensities for the three isomeric 1,4- 
dideuteriobutadienes as well as I3C NMR parameters for the deu- 

terated products (3 pages). Ordering information is given on any 
current masthead page. 
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Abietic acid can be recovered from fluorosulfonic acid below -40 "C. At higher temperatures an irreversible rear- 
rangement takes place (Scheme 111) to give stable carbocations la and lb .  Quenching the cations in aqueous sodium 
carbonate afforded a 1:2 mixture of trienes 2a and 2b whose structures were established by their spectroscopic 
properties, the degradation shown in Scheme I, and the independent synthesis of key degradation products shown 
in Scheme 11. 

The reaction of levopimaric acid in the carbocation-stabi- 
lizing solvent chlorosulfonic acid to give cations l a  and lb, 
and, after quenching, trienes 2a and 2b, has been reported by 

lev@ HW3CI HSGF 
pimaric - 
acid 

l a ,  R ,  = CH,; R, = H 
b, R ,  = H; R, = CH, I 

I 

kOzH 
3 

Na,OO, 
l a + l b -  

n20 

2a, R, = CH,; R, = H 
b, R, = H; R, = CH, 

Mehta and Kapoor.z These authors referred to our indepen- 
dent investigation of the reaction of abietic acid (3) in fluo- 
rosulfonic acid above -25 "C to give the same cations and 
trienes. Although our report of our work was delayed in the 
refereeing and rewriting process, we would like to describe 
some aspects of it now, since a detailed account has not yet 
appeared, the structural conclusions of Mehta and Kapoor 
depend to some extent on comparison with our compounds, 
and some interesting and perhaps generally useful synthetic 
work was done in the.course of our investigation. 

The preparation and spectroscopic properties of the cations 
and trienes have already been described and interpreted in 
the literature,2 and our very similar results are described in 
detail in the Experimental Section. Therefore, we will confine 
our discussion primarily to the structure determination of 
trienes 2a and 2b,3 outlined in Scheme I, and the synthesis of 
the degradation products, the styrenes, 4a and 4b, and the 
enones, 5a and 5b, outlined in Scheme 11. 

Structure Determination. Our degradative scheme differs 
somewhat from that of Mehta and Kapoor in that we were able 
to separate the trienes 2a and 2b by chromatography on a 
silver nitrate-alumina column4 and obtain styrenes 4a and 
4b, respectively, from them by rhodium on carbon dehydro- 
genati0n.j The other workers obtained a mixture of styrene 
4a and a further dehydrogenation product of 4b on palla- 
dium-carbon dehydrogenation of the triene mixture. The 
position of the tertiary methyl group (R1 or Rz) in "ring A" of 
the styrenes was established in our work by oxidation of 4a 
and 4b to the enones 5a and 5b, respectively, and dehydro- 
genation of these to their respective dienones 6a and 6b. The 
01 hydrogen (Rz) on the dienone 6a appeared a t  higher field 


