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The use of polyene substrates in allylic alkylations can be
complicated by the issue of regioselectivity, as illustrated in eq
1, as well as reversibility? Thus, although much work in
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asymmetric palladium-catalyzed allylic alkylations has been éone,
the utilization of polyenes has not been explored. One of the
reasons clearly stems from the anticipated selectivity for formation
of the achiral produc.®¢ On the other hand, switching to
molybdenum should favor eithed or 4 over 2.4 The recent
success in effecting an asymmetric alkylation with cinnamyl
substrates induced us to explore its potential with polyene
systems.

Our initial studies examined the reaction of 5-phenylpentadienyl
methyl carbonateha (eq 2), and dimethyl sodiomalonagg,using
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a catalyst formed in situ from the bis-picolinylami@eand the
molybdenum complexX8. Only two alkylation products were
observed-the branched one9a?, and the linear onelOat®, in
6.1:1 ratio in 95% isolated yield. None of the product derived
from attack at the benzylic position was observed. Using chiral
HPLC, the ee oPa was established as 98% (er 99:1). Interest-
ingly, extending the conjugation as%i led to virtually the same
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results—only the two product®b? and10k? in a 5.3:1 ratio were
formed (58% yield, 92% brsfjy and the ee oBb was 97%.
Switching to ligandl1 led to slight improvements9b and10b

were obtained in a 6.1:1 ratio (68% vyield) and the e®fvas

>99%.

With this background, a series of polyenyl substrates as
summarized in Table 1 was examined. While the proximal double
bond must be only disubstituted, the remote double bond can bear
any number of substituents.

Generally, trisubstitution on the distal double bond, notably
as in entries 3, 4, 6, and 8, gave higher ee’s than terminal
disubstitution as in entry 7 or disubstitution as in entry 5. The
use of the enol ether as in entry 8 is particularly useful for further
transformations. The trienyl substrates of entries 9 and 10 still
produce only two regioisomeric products with good regioselec-
tivity (~10—12:1) and excellent ee (97 and 98%).
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In examining the role of the linker heterocycle, we prepared
the 4-pyrimidinecarbonyl ligand2® to decrease the-donation
to the molybdenum. This new ligand system gave slight improve-
ments in either ratio or ee in the two cases examined, entries 6
and 7. Further evaluation of this ligand is underway.
Conjugation of the allyl carbonate with an alkyne also led to
no involvement of the triple bond as shown in eq 3. In both cases,
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the major product {3al4a 5.3:1, 13b:14b 7.3:1) was the
branched one with excellent e&3a 99% ee,13b 99% ee). In
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(7) brsm= based upon reacted starting material.
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Table 1. Regio- and Enantioselective Alkylations of Polyenyl Carborfaigth Dimethyl Malonate

Entry Time Yield® Ratio® ee (er)”
32 3

1 P " X"0C0,CH, 3n° 95 6.1:1 98 (99:1)

2 PN NN 4N 58 (92) 5.3:1 97 (98.5:1.5)
3.5h 68 6.1:1 >99 (>99:1)

3 @MOCOzCHa 3h 91 11.5:1 94 (97:3)

4 )/\/\QCOZCHS 3h 89 (94) 49:1 98 (99 1)
6h° 87 (95) 15.7:1 97 (98.5:1.5)

5 S ocogm 3h 81 (89) 8.1:1 80 (90:10)

OCO,CH

6 @/ké ) 2h 94 11.5:1 87 (93.5:6.5)
L.5h' 88 13.3:1 86 (7:93)

7 /E\/\OCOZCH3 2h 96 15.7:1 86 (93:7)
2hf 94 15.7:1 91 (4.5:95.5)

Q.

8t UMOCOzCHa 1.5h 93 13.3:1 96 (98:2)

9 NNTT000,0H, 2h 70 (79) 11.5:1 97 (98.5:1.5)

10 RXR0C0,CH, 3h 81 (85) 10.1:1 98 (99:1)

a All reactions performed using 10 mol 8 15 mol %11, 1 equiv of allyl carbonate, 2.2 equiv of dimethyl malonate, and 2.0 equiv of sodium
hydride in 1:1 PhCHITHF at 80-90 °C. ® Isolated yields; yields in parentheses based upon recovered starting ma@etrmined by'H NMR
spectroscopy of the isolated products; also see réD&termined by chiral HPLC: Ligand 7 employed in this runf For this run, ligandl2 was
employed; therefore, the enantiomeric product from that obtained with ligans formed.9 For this run, 20 mol % oB and 30 mol % ofl1
employed.

the latter case, better results were obtained with 20 mol % of triene substrates in entries 2, 9, and 10 may participate in

catalyst than with 10 mol %. subsequent DielsAlder reactionsd On the other hand, the
The lack of participation of the additional unsaturation is both products are also of interest in their own right. The stereochemistry
surprising and satisfying. The regioselectivity suggestsittailyl is assigned by analogy to the cinnamyl substfeaes thus must

complex16is not involved in the sequence, otherwise detectable be considered tentative at present. Future studies are intended to
amounts of regioisomed would have been expected. This elucidate the exact nature of the active catalyst.
conclusion then states that initial ionization must occur to give
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at the benzylic position in cinnamyl systems is preferred. The
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' * ‘|+ (8) All new compounds have been characterized spectroscopically and
Nu™ / elemental compositions established by combustion analysis or high-resolution
NPT . a mass spectrometry.
| (9) Prepared in standard fashion from the diamine and 4-pyrimidinecar-

[Mo] 16 boxylic acid [Gabriel, S.; Colman, £hem. Ber1899 32, 1525].



