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Controlling Stereochemistry in Crotyl Additions To Aldehydes

with Crotylmolybdenum Complexes

J.W. Faller , J.A. John and M.R. Mazzieri

Department of Chemistry, Yale University, New Haven, CT 06511

Summary. Air stable (Cyclopentadienyl)Mo(NO)(Cl)(x-crotyl) complexes add to aldehydes in the
presence of methanol to yield homoallylic alecchols with bhigh regioselectivity and
diastereoselectivity. Reaction of (-)-(S)-(Neomenthylcyclopentadienyl)Mo(NO){(Cl)(n-crotyl) with
benzaldehyde yields (+)-(R,R)-2-methyl-1-phenyl-3-buten-l-0l in >98% ee.

The enantioselective synthesis of secondary homoallylic alcohols is of considerable interest

! Control of stereochemistry at the f-carbon

in the context of acyclic stereoselective synthesis.
and in consecutive stereogenic centers is essential in syntheses of precursors to natural products
such polyketides.? The condensation of carbonyl compounds with main group allyl reagents has been
shown to be a successful strategy in this respect.?’ In particular, asymmetric induction through
the use of chiral metal templates has been developed. B-allyl boranes have been extensively
studied owing to the relative ease of incorporation of chiral moieties. These chiral

%3 and most recently from a-pinene® and

B-allylboranes have been derived from camphor glycols
diisopropyl tartrate.’ These B-allyl reagents were shown to smoothly add to the aldehydes
transferring the allyl group to the carbonyl carbon in 55-96% ee.

% of homoallyl alcohol synthesis via condensation of aldehydes with

Our preliminary studies
CpMo(NO)(Cl)(na-CaHa-Z-Me) complexes demonstrated that the reaction occurs in high yield.
Furthermore, this suggests that high enantioselectivity could be anticipated using homochiral
complexes. In an effort to bring the potential of these molybdenum reagents to the attention of
the synthetic community, we report here our studies of distereoselectivity in reactions of
aldehydes with the CpMo(NO)(Cl)(nB-crotyl), 1, complex.

Treatment of benzaldehyde with 1 in methanol/CH,Cl, (ratie PhCHO:1 = 2:1) yields a

(RR,S88):(RS,8R) ratio of products of 22:1 demonstrating an effective mutual kinetic resolution.

1769



1770

Under these conditions the reaction is relatively slow

reaction is faster, but the selectivity decreases.
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One obtains [CpMo(NO)(CO)(m-crotyl)]BF, by treating

(48 hrs). With excess aldehyde the

96% 4%

the CpMo(CO),(m-crotyl) with NO'BF,.

Considering that four geometric isomers are possible for the product, it is impressive that

addition of NO' to the dicarbonyl complex yields only a single isomer. Addition of LiCl in

acetone gives the chloride as an air stable complex, 1.
analog of 1 provides a straightforward resclution of the

10 and a route to nonracemic chiral

chiral metal center®
condensation products. The absolute configuration at the
metal is (8) for (-)-NMCpMo(NO){(Cl)(m-crotyl), (-)-2, as
shown by correlation with that of (S)-NMCpMo(NO)(I)(x-
crotyl), 3, for which a single crystal x-ray structure

determination has been ecarried out.!!"!*

Hence, (-)-2 has
the same stereochemistry as that shown here for iodide 3.

Compound (-)-2 reacts with benzaldehyde in the presence
of methanol to yield the (R,R)-2-methyl-1l-phenyl-3-buten-
1-0l in >98% ee and 92% de. This compares favorably to the

crotylboronate based on diisopropyl tartrate which yields

67% ee.’® The origin of this extraordinary selectivity

Use of the neomenthylcyclopentadienyl

with this molybdenum reagent lies in the electronic asymmetry created by the differential
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backbonding capabilities of the nitrosyl and halide ligands. The ground state structure of 3
shows the effect of this asymmetry on the bonding within the n®-crotyl group. For the iodide,
3, the allyl carbon cis to ritrosyl, CI, is 2.243(6) A, whereas that trans to nitrosyl, C3 is
lengthened by more than 0.3 A to 2.574(7) A. The n°-crotyl is also distorted to a o-w-type of
bonding, as indicated by the C1-C2 distance of 1.42(1) A compared to the €2-C3 disFance of
1.26(1) A. This is reflected in a relativeiy low barrier of -~18 kcal/mol for n3-pl-n3
interconversion, which can be detected by NMR,!? As anticipated by the distortion toward a
x-o-crotyl in the solid state structure, the o-bond forms at the terminus cis to the nitrosyl,
which opens the latent coordination site for the aldehyde trans to the nitrosyl. Considering a
transoid preference for a o-bonded aldehyde, a chairlike transition state is generated which
provides for the ultimate control of the diastereoselectivity. The preferred orientation of the
aldehyde demanded by decreased interaction with the Cp ring, thus exposes the re face of the

aldehyde to attack and accounts for the high enantiofacial selectivity.18.%7
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We are currently testing the generality of these reactions; preliminary evidence with racemic
systems suggests that this approach will be effective for both aliphatic, unsaturated and aromatic
aldehydes.!® The degree of reagent control of stereoselectivity would appear to be high and we
are currently investigating reactions with homochiral aldehydes. Furthermore, we are examining
other alternatives to neomenthyl substitution for resolution of the metal center. The relative
ease of synthesis and remarkable insensitivity to air, moisture, and alcohols suggest that
crotylmolybdenum complexes such as these should by highly effective in the synthesis of
homoallylic alcohols.
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The preparations follow those given previously for the analogous Me(allyl) complexes.
Faller, J. W.; Shve, Y.; Chao, K-H,; Murray, H. H. J. Organomer. Chem. 1982, 226, 251,
Absolute configurations for stereogenic centers in metals are based on priorities for 2 of
Cp>crotyl>C1>N0; whereas for 3 the priorities are I>Cp>croty1>NO.12 Thus, (8)-2 has the
same sense of chirality and the same spatial arrangement of CpMo(NO)(X)(crotyl) as (5)-3.
T.E. Sloan, Topics in Stereochem,, 1981, 12, 1.

Crystals suitable for x-ray diffraction could only be grown for the iodide, (+)-(5)-3.
Halide substitution has been previously shown te cccur with retention,®

The absolute configuration of the metal in (+)-3 was determined to be (8) by x-ray
erystallography using the known configurations within the neomenthyl group. This complex
crystallizes in the orthorhombic space group P2;2;2; (#19) with a = 7.611(1); b =12.370(3),
c = 21.958(3), V= 2067.4(6) A}, R =0.026. The methods have been discussed previously.10
The erystal structure shows the crotyl in the endo-trans conformation. The exo-trans

10

conformer is formed via m+o=x rearrangement. The resonances for both conformer are observed
in the ¥MR shortly after dissolving.

(~)-{8)-NMCpMo (NO) (C1) (n-2-methylallyl) (>98% de) adds to the re face of PhCHO yielding
{(+)-(R)-3-methyl-1-phenyl-3-buten-1-01 in 98%ee and 60% isoclated yield. The absolute
configuration of this product has been determined previously.® Crotyl addition gives the
anti diastereomer by comparison of NMR’Y, and configuration is (RR) by analogy with
2-methylallyl. The (-)-isomer has alsc been shown to be (RR) by Roush et al %d.8f

The ee of the product alcohel was determined by addition of Eu{tfc),; te a benzene-dg soclution
of the nonracemic alcohol. Upon shifting of the merhyl doublet greater than §1.00 the
enantiomers are cleanly resclved. No trace of the other enantiomer could be observed when
using homochiral (-)-(2), {a}§5 = -86°. Additicn of 11% racemic alcohol gave one doublet
at §1.00 and ancther at §0.98 in a ratiec of 95:5,

Tn a typical preparation, 212 mg (2 mmol) PhCHO was added to cne equivalent of (-)-2 (281
mg) in CH,Cl, containing 96 mg (3 mmol) MeOH. The solution, which was initially yellow, was
stirred for 72 H at room temperature. The molybdenum containing products were removed by
filtration through alumina and elution of the product with CH,Cl,. The yield was 92% based
on NMR integration of crude product. Column chromatography on alumina (hexane/ether) gave
96 mg (59%) {(+)-anti-2-methyvl-1l-phenyl-3-buten-l-ol
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