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ortho-Diphenylphosphanylbenzoyl-Directed
Cuprate Addition to Acyclic Enoates**
Bernhard Breit*

Reactions for constructing carbon skeletons, which lead to
the formation of new stereogenic centers, are efficient trans-
formations in organic synthesis. The control of stereoselec-
tivity in such a process can be effected by either the reagent or
the substrate. However, the latter is particularly difficult to
achieve for acyclic substrates because of their structural
flexibility. To overcome this problem, one has to make more
efficient use of the chirality information inherent in the
substrate. This can be achieved with the aid of a catalyst-
directing group, which has been used successfully to control
stereoselectivity in the rhodium-catalyzed hydroformylation
of acyclic olefins (Scheme 1).[1] We report here that ortho-
diphenylphosphanylbenzoyl (o-DPPB), the catalyst-directing
group succesfully used in the hydroformylation reactions, can
be employed in a subsequent step as a reagent-directing group
for the diastereoselective addition of Gilman cuprates to a,b-
unsaturated enoates (Scheme 1).

Enoates 3 were chosen as the test substrates, because a
stereoselective 1,4-addition of an organometallic reagent that
transfers a methyl group would provide the structural building
blocks found in biologically important natural products of the
polyketide class (e.g. the antitumor agent dictyostatin 1 and
the ionophor calcimycin).[2, 3] Enoates 3 were obtained by o-
DPPB-directed diastereoselective hydroformylation followed
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Scheme 1. Working hypothesis for the o-DPPB group (shown schemati-
cally as a sphere; D� donor) a) as a catalyst-directing group and b) as a
reagent-directing group with the examples of hydroformylation and
conjugated addition of cuprates.

by Horner ± Wadsworth ± Emmons (HWE) olefination of the
crude hydroformylation products (2!3) in good yields (71 ±
83 %), diastereoselectivities (syn :anti� 94:6), and E/Z selec-
tivities (>95:5).

Treatment of 3 a with 1.5 equivalents of lithium dimethyl
cuprate provided the 1,4-addition product 4 a (93 %) in a
diastereomer ratio of 95:5 (Table 1, entry 1).[4] To determine
the relative configuration, 4 a was transformed into the d-
lactone 5 by standard reactions (Scheme 2). A 2D NOESY
NMR experiment with 5 confirmed the axial position of the
proton at C3 as well as the methyl group at C5, that is, an anti
relationship between the two 1,3-positioned methyl groups of
the acyclic 1,4-addition product 4 a.

This reaction is not restricted to the transfer of a methyl
group. Therefore, the addition of lithium di-n-butyl cuprate
also proceeded with excellent diastereoselectivity (!anti-6,
d.r.> 95:5, entry 2). In the case of lithium divinyl cuprate the
diastereoselectivity was lower (!anti-7, d.r.� 80:20, entry 3).

With regard to the preparation of important building blocks
of polyketide natural products, the addition of dimethyl
cuprate is the most important reaction. Combining stereo-
selective o-DPPB-directed hydroformylation, HWE olefina-
tion, and stereoselective o-DPPB-directed cuprate addition
provided access to acyclic building blocks with up to four
stereogenic centers (!4 b ± e, entries 4 ± 7). The 1,4-addition
product 4 b is a potential C13 ± C20 building block of the
ionophor calcimycin, since it has the correct relative config-
uration at the four stereogenic centers. In addition, 4 e
possesses the correct absolute configuration of this polyketide
(entries 4 and 7).[3]

b� 95.38(3)8, V� 2323.9(8) �3, Z� 4, 1calcd� 3.469 Mgmÿ3, F(000)�
2240, l(MoKa)� 0.71073 �, m(MoKa)� 5.116 mmÿ1, T� 298 K. Of
11197 reflections collected in the range 2.1� 2q� 53.18 using the
q ± 2q scan mode, 5132 were independent. Lorentzian polarization and
empirical absorption corrections (Tmin� 0.252, Tmax� 0.317) were
applied, and the structure solved and refined against F 2 using
SHELX86 and SHELXL93 (G. M. Sheldrick, Universität Göttingen)
with 5131 reflections (all unique reflections except for one with very
negative F 2). All atoms were refined anisotropically. R1� 0.058,
wR2� 0.063 for 121 parameters; max./min. residual electron density:
1.444/ÿ 0.924 e�ÿ3. Further details on the crystal structure investiga-
tion may be obtained from the Fachinformationszentrum Karlsruhe,
D-76344 Eggenstein-Leopoldshafen, Germany (fax: (�49) 7247-808-
666 (Frau S. Höhler-Schlimm); e-mail : crysdata@fiz-karlsruhe.de), on
quoting the depository number CSD-406 839.
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Scheme 2. Determination of the relative configuration of 4 a by trans-
formation into the d-lactone 5 : a) LiAlH4 (3 equiv), Et2O, 0!25 8C, 2 h
(94 %); b) TsCl (1.1 equiv), pyridine (4 equiv), CH2Cl2 (0.2m), 25 8C
(72 %); c) o-NO2C6H4SeCN (1.1 equiv), NaBH4 (1.2 equiv), DMF, 25 8C,
6 h (100 %); d) 30 % H2O2 (10 equiv), THF, 3 h (96 %); e) O3, CH2Cl2,
ÿ78 8C, then PPh3 (1.1 equiv), ÿ78!25 8C (99 %); f) PCC on Al2O3

(2 equiv), CH2Cl2, 36 h (70 %).

Even though the o-DPPB group
represents an intrinsically coordi-
nating functionality, it has not yet
been proven that it is actually the
origin of the observed diastereo-
selectivity.[5] An experiment which
could give further mechanistic in-
sight should be cuprate addition to
enoate 8, which differs from 3 a
only by oxidation of the phos-
phane functionality to a phos-
phane oxide. This should suppress
the ability of the o-DPPB group to
coordinate to a cuprate. If the o-
DPPB group does not play a sig-
nificant role in controlling diaster-
eoselectivity, one should also ob-
serve diastereoselectivity with de-
rivative 8. For that reason
compounds 3 a and 8 were sub-
jected to identical reaction condi-
tions. Whereas the phosphane 3 a
yielded the 1,4-addition product
4 a in 93 % yield and with a dia-
stereomer ratio of 95:5, the phos-
phane oxide 8 gave only unselec-
tive decomposition products be-
sides recovered starting material.[6]

Evidently, the phosphane func-
tionality of the o-DPPB group is
essential for a successful addition
of dimethyl cuprate to the enoates
3. However, the importance of the
intramolecular attachment of the
phosphane is still unclear.[7]

To address this issue, the phos-
phane oxide 8 was again treated
with dimethyl cuprate under the
identical conditions used above
with one exception: the addition
of one equivalent of triphenyl-
phosphane as an external ligand.
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Table 1. Results of the diastereoselective conjugate addition of Gilman cuprates to enoates 3.

Entry Enoate Major
diastereomer[a]
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93 95:5

3a 4a

2 3a 68 95:5

6

3 3a 61 80:20

7

4 68 95:5

3b 4b

5 71 86:14

3c 4c

6 60 85:15

3d 4d

7 75 95:5

(ÿ)-3 e (ÿ)-4 e

[a] The cuprate additions were performed according to the experimental procedure described for 3 a. Tr�
Ph3C, Piv� (H3C)3CCO.[b] After purification by flash chromatography. [c] Determined from 1H NMR
spectra of the crude product.
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Again, besides recovered starting material, only unspecified
decomposition products were found. Not even a trace of the
expected 1,4-addition product 9, which was prepared inde-
pendently by oxidation of 4 a, could be identified by NMR
spectroscopy.

These results indicate that stereoselective cuprate addition
to enoates 3 proceeds by an intramolecular transfer of the
cuprate to one of the two diastereotopic enoate faces that is
mediated by the o-DPPB group. Thus, the o-DPPB group
controls reactivity as well as stereoselectivity. In addition to
the already known ability of the o-DPPB group to act as
catalyst-directing group, this system has also the potential to
act as an organocuprate-directing functionality.

Experimental Section

3a!4 a (entry 1 in Table 1): To a solution of lithium dimethylcuprateÐ
prepared from CuI (143 mg, 0.75 mmol) and a 1.11m solution of methyl
lithium (1.35 mL, 1.5 mmol) in Et2O at ÿ5 8CÐin Et2O (5 mL) was added
dropwise a solution of 3 a (251 mg, 0.5 mmol) in Et2O (2.5 mL). The
mixture was stirred for 1 h at ÿ78 8C, the cold bath removed, and the
mixture allowed to warm to 0 8C within 15 min. The reaction mixture was
stirred for another 75 min at 0 8C and then quenched by adding a saturated
solution of aqueous NH4Cl (2.5 mL). The mixture was diluted with tert-
butyl methyl ether (25 mL) and 15% aqueous NH3 (20 mL). The mixture
was shaken vigorously until both phases were homogenous. The aqueous
phase was separated and extracted with tert-butyl methyl ether (2�
10 mL). The combined organic phases were dried over Na2SO4, and the
solvent removed in vacuo. NMR spectroscopic analysis of this crude
product revealed a diastereomer ratio of 95:5. Flash chromatography with
petroleum ether/tert-butyl methyl ether furnished 241 mg of 4a (93 %) as a
colorless, highly viscous oil.[8]
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