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Summary: The nature of both lower and higher order 
cuprates containing allylic ligands has been investigated 
using variable-temperature, high-field 13C NMR experi- 
menta. From these studies, the a- vs r-bound state of these 
reagents has been unequivocally determined. 

Sir: Notwithstanding the vast array of highly valued or- 
ganocuprates composed of sp2- and sp3-based ligands,2 
there is a noticeable lack of successful examples involving 
Michael transfer of a simple allylic moietye3 Still fewer 
reports exist wherein carbon-substituted units (e.g., met- 
hallyl, prenyl, etc.) are effectively del i~ered.~ Frustration 
over the noncharacteristic lack of chemospecificity of allylic 
cuprates, especially in conjugate addition schemes,5a has 
lead to the proposal that n-allyl rather than a-bound 
reagents (Figure 1) account for their frequent non- 
cuprate-like behavior.5b We now report that by virtue of 
variable-temperature 13C NMR spectroscopy, the precise 
nature of allyl ligand-containing cuprates, of both the lower 
order (L.O.) and higher order (H.O.) variety, has been 
ascertained. Moreover, the insight thereby provided has 
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implications for synthetic uses of these reagents.6 
Our studies began with the H.O. diallylcuprate 3, pre- 

pared in THF from allyltributylstannane (2) via treatment 
with n-BuLi (1 equiv) a t  -78 OC followed by addition to 
LiC1-solubilized CuCN (0.5 equiv)’ a t  -78 OC. 13C NMR 
analysis (decoupled) of 3 at  -95 “C revealed three major 
sharp peaks at 6 150, 91, and 23 ppm attributed to two 
olefinic carbons (CH and C=CH2, respectively) and the 
methylene carbon attached to copper (Figure 2). The 
coupled spectrum showed the required multiplicities 
(doublet, triplet, triplet, respectively), confirming these 
assignments. Hence, whereas an 3q n-allyl bound cuprate 
would show two signals, the presence of three distinct 
resonances establishes the u-bound nature of 3. Consistent 
with this trend, both 4 and 5 displayed the expected three 
key peaks, in addition to the vinylic methyl resonances.g10 

3 4 5 

Warming 3 to -70 “C gave significant broadening of both 
the a- and y-carbons almost into the base line, while the 
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Figure 4. '% NMR spectrum of (dyl),CuLi (1) in THF at -95 
"C. a, C-8; b, C-2 of free allyllithium; c, C-1.6 and C-2,5 of 
1,bhexadiene; d, C-8 and C-y of allyltrihutyltin; e, C-8 and C-y 
of (allyl),Cu,Li; f, c-y of 1; g, c-a of 1. 

I 1 0  B 20 

Figure 2. 18C NMR spectrum of (allyl)PCu(CN)Liz (3) in THF 
at -95 "C. a, CN, b, C-8; c, C-8 of mixed cuprate Me(ally1)Cu- 
(CN)Liz due to incomplete transmetalation; d, C-2 of free al- 
lyllithium; e. C-1.6 and (2-2.5 of 1,Shexadiene; f. C-6' and C-y of 
allyltrihutyltin; g, C-y of 3; h, C-a of 3. 

Figure 3. 18C NMR spectrum of (allyl)zCu(CN)Liz (3) in THF 
at 435 O C .  g. C-y of 3; h, C-a of 3. 

signal for the &carbon remained unchanged (Figure 3). 
Recooling to -85 OC resharpened these peaks to  a point 
reflecting this intermediate temperature. 

Gilman-like cuprate 1 required extremely careful prep- 
aration and handling," the 13C NMR analysis of which at 
-95 "C clearly manifested its similar u-hound status, as 
well as the products of ita decomposition. The spectrum 
(Figure 4) contained three major peaks a t  essentially 
identical locations as with the H.O. analogue (6 150,91, 
24 ppm), not totally unexpected from earlier 'H NMR 
comparisons of dialkylcuprates.12 Moreover, the spectra 
for both 1 and 3 contain a minor peak at 146 ppm, which 
corresponds to the central carbon of free al1yllithi~m'~J~ 

(11) Samples of (dyl)2CuLi were farmed at ea -105 O C  and main- 
tained at these low temwratures until ~lmed in the probe, which had 
baa" precwled to -95 o c .  
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1984.49.3943 and referenas therein. 

&,CN ' ~ 6- 7 - 
6- 6- C" 2u* 6- 8.C" u* 

A 'R - 'R 
(higherorder) 

Figure 5. 

and readily explains the observed positive Gilman test 
reported for ljb The spectra are quite dissimilar, however, 
in one important respect: the relative amounts of decom- 
position which occur upon reagent generation and NMR 
inspection at elevated temperatures. Thus, while the 
spectrum of 1 shows an appreciable quantity of 1,5-hexa- 
diene (in spite of sample manipulation a t  or below -78 
"C)," 3 can he handled a t  0 "C without buildup of this 
Wurtz-like product. Formation of 1 by adding allyllithium 
to CUI and warming to effect dissolution severely com- 
promises cuprate formation, and by loss of an allyl ligand 
from (dimeric) 1, other species (e.g., R,Cu,Li, R = allyl) 
are produced (see Figure 4), which undoubtedly have 
modified reactivitiesJ6 

Peak broadening in the spectra of 1 and 3 at tempera- 
tures commonly used for synthetic work2 suggests that 
rapid a- to y-exchange processes are ongoing within the 
cluster?l This phenomenon may he responsible for the 
atypical cuprate behavior observed with Michael accep- 
t o r ~ ? , ~  Alternatively, there may he a 'reactivity- 
selectivity" issue involved, as these reagents are extremely 
prone toward ligand release from copper! perhaps due to 
an "a-effect"-like'* buildup of adjacent negative charge 
(Figure 5). The contribution by the small component of 
allyllithium is not likely to he responsible for the chemistry 
ohserved.l 

NMR spectrmcopy has unequivocally 
eatahhhed the a-bound nature of the handing in both L.O. 
and H.O. allyl cuprates. It has also led to an appreciation 

In summary, 

(13) AUyllithium itself gives peaks at 6 146 and 5 1  ppm in the '% 
NMR spectrum. The presence of both dyllithium and (dyl)&u&i in 
the spectrum of [(allyl),CuLi], is mwt atypical, since RLi and RgCupLi 
are normally incompatible (Le., they would combine to form the GII- 
man-like dimeric cuprate R&cuLi).16 
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copper reagents, in essence, as "new" reagents for organic 
synthesis.6 

for the limited thermal stability of (al1~l)~CuLi and the 
products of its decomposition, while demonstrating that 
with (allyl),Cu(CN)Li2 no such problem exists. The extent 
to which ligand reorganization between a- and y-termini 
occurs is a function of temperature and substitution on the 
allyl unit. The understanding gained from these data now 
allows for the systematic development of allylic organo- 
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Summary: Growing cultures of Cladosporium suaueolens 
convert the fatty acid derivatives 1-6 either into (SI-7 and 
-8 or into (R)-9, -10, and -11, depending upon the position 
of the double bond. Experiments with deuterated sub- 
strates show that the hydrogen atom retained a to the 
carbonyl group in the two series hold the pro-R configu- 
ration. 

Sir: Optically active y- and &lactones containing up to 
12 carbon atoms are widely distributed in nature and play 
an important role in the flavor industry as aroma com- 
ponents.' However, current analytical studies2p3 indicate 
that both optical purity and absolute configuration can 
vary for identical substances isolated from different 
sources. Moreover, the absolute configuration of the 
prevalent enantiomer can differ even within a homologous 
series in the same plant, e.g. the presence of R C8 and Clo 
and S C12 6-lactones in cocos meat.3 These observations 
give support to the idea4 that different biosynthetic 
pathways involving either anabolic or degradative processes 
can exist for these lipid-derived substances. Degradative 
processes include @-oxidation of suitably oxygenated in- 
termediates which can be either chiral, such as those in- 
volved in the lipoxygenation cascade or those formed in 
enzymic hydration of methylene-interrupted polyunsatu- 
rated fatty acids, or racemic as those formed in photo- or 
aut~xidation.~ The former set of products is expected to 
lead to optically active lactones incorporating the chirality 
of the precursor, as for example in the manufacture of 
(R)-7-decanolide (1 1) by microbial degradation of natural 
(E)-ricinoleic Conversely, racemic precursors are 
expected to generate educts whose optical purity and ab- 
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solute configuration may depend upon the susceptibility 
of the degradative enzyme(s) to the stereochemistry of the 
hydroxy-bearing carbon atom located in the molecule far 
away from the place where the @-oxidation starts. 

R V ( C H ~ ) x O C o z H  
OH R 

4: R =  IFC6H13: X= 5 
5: R = fFCeH13; X= 6 
6 R = fFC6H13; X= 7 

In this context, we now describe the results of a study 
on the mode of degradation of the racemic CI4-Cl9 fatty 
acids 1-6, all of which contain the structural unit (2)- 
CH=CHCH,CH(OH)R, to C7-Cll lactones by growing 
cultures of Cladosporium s u a v e o l e n s .  The choice of the 
precursors 1-6 originates from the consideration that 
mid-chain hydroxy acids without conjugated unsaturation 
occur in nature8 and that knowledge of the mode of their 
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