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PALLADIUM-CATALYZED ALLYLATION OF LITHIUM 3-ALKENYL-T-CYCLOPENTENOLATES-TRIETHYLBORANE AND
ITS APPLICATION TO A SELECTIVE SYNTHESIS OF METHYL (Z)—JASMONATE1
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SUMMARY: A Pd-catalyzed allylation of 3-substituted 1-cyclopentenolates with readily ob-
tainable and storable y-monosubstituted (Z)-allylic acetates in a 1:1 ratio in the presence of
2 mol % of Pd(PPh3)4 featuring high yields and high stereo- and regioselectivities has been
developed and applied to the synthesis of methyl (Z)-jasmonate.

The reaction of a 2:1 mixture of BEt3 and a Tithium 3-alkenyl-1-cyclopentenolate (1),
generated by conjugate addition to cyclopentenone followed by silylation-Tithiation, with one
equiv of a y-monosubstituted (Z)-allyl acetate (2) in the presence of Pd(PPh3)4 (2 mol %)
cleanly provides 3 in high yield. The stereoselectivities with respect to the ring and allyl
moieties are >98 and >97%, respectively, and the corresponding regiospecificities are >98 and
>90%, respectively (eq 7). Coupled with the ease of preparation and high stability of allylic
acetates as well as the favorable 1/1 ratio of 1/2, the method described herein offers major
advantages over the known allylation reactions of 3-a1keny1-1-cyc1openteno1ates.2

0 oLi 0
- i 2
1 LnCu\\\4¢?\\R] 1. BEt, (2 equiv) I 0"\\c=:/’R
eq 1]
: 2
2. Me351§1 2 Ao N R (2) R!
3. n-BuLi 1 2% Pd(PPhs), 3

Conjugate addition to cyclopentenones followed by allylation of the resulting enolates (a
"triply convergent" approach) has been an attractive but frustrating route to prostanoids and

3 Although exceptions4 exist, it has generally been difficult to

other cyc]opentanoids.z’
achieve allylation of regiodefined cyclopentenolates with stereo- and regiodefined allylic
electrophiles, especially with their (Z)-isomers. Common difficulties include (a) loss of the
allyl stereochemistry, (b) loss of the ring regiochemistry, (c) mediocre product yield (typically
<50%), and (d) the requirement for a large excess of labile allylic bromides or jodides. We

have recently developed the Pd-catalyzed allylation of alkenyl- and ary]meta1s5 as well as of
alkali metal enoxyborates and zinc enolates.6 Although the reaction of alkenyl- and arylmetals
with v,y-dialkyl-substituted allyl chlorides and acetates was highly stereo- and regioselective,
the use of y-monosubstituted (Z)-allyl derivatives (2) led to stereochemical scrambling to the
extent of ca. 10%.5b Neither the stereoselectivity with respect to Z nor the regioselectivity

with respect to the ring moiety in our Pd-catalyzed allylation of cyclopentenolates was known.
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To rigorously determine the regio- and stereoselectivities with respect to the allyl moiety,
we reacted lithium cyclopentenolate with various 2-octenyl halides and acetate in THF either in
the presence or in the absence of Pd(PPh3)4 or BEt3. The experimental resu]ts7 summarized in
Table I indicate the following. The reaction of (E)-2-octenyl acetate in the presence of both
Pd(PPh3)4 {0.02 equiv) and BEt3 (2 equiv) produces in 3 h at room temperature the desired 4a
in 77% isolated yield as a >98% isomerically pure spec1e58 without any attempt to separate
isomers along with a trace, if any, of 5 (Entry 1). In the corresponding reaction of (2z)-2-
octenyl acetate, the product yield and the stereoisomeric purity are 74% (91% by GLC) and 97%,
respectively. However, 5 was also obtained in 5-10% (Entry 2). The use of (Z)-2-octenyl
chloride and bromide Ted to an extensive stereoisomerization (Entries 3 and 4). The reaction of
Tithium cyclopentenolate with (Z)-2-octenyl acetate does not give any more than a trace of 4 in
the absence of either Pd(PPh3)4 or BEt3, indicating that both reagents are essentia]9 (Entries
5 and 6}. Under conventional conditions, the reaction of Tithium cyclopentenolate with (2)-2-
octenyl iodide is 96% stereospecific, but the product yield is only 43% (48% by GLC) (Entry 7}.
The use of the corresponding bromide led to the formation of an 87/17 mixture of the (2z)- and
(E)-4 in 50% yield (Entry 8). It is important to note that, whereas the highly reactive iodide
leads to the highest stereospecificity in the uncatalyzed reaction, the least reactive acetate
is the most stereospecific reagent in the Pd-catalyzed reaction.

CoHyqm
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Table 1. Pd-Catalyzed Reaction of Cyclopentenclates with 2-Octenyl Derivatives

Metal in n-C5H]]CH=CHCH2X Pd(PPh3)4 Time Yield? Z/E Yield?
Entry enolate EoriZ X % h of 4, % of 4 of 5, %
1 Li + 2 BEt, E OAc 2 3 - (77 <2/98 <1
2 Li + 2 BEt, Z 0Ac 2 3 91 (74) >97/3 5-10
3 Li + 2 BEt, Z 1 2 3 81 (75) 60/40 5-10
4 Li +2 BEt3 Z Br 2 3 84 (75) 54/46 5
5 Li + 2 BEtq z 0Ac 0 24 trace - -
6 Li z 0OAc 2 24 2 - -
7 Li Z 1 0 12 48 (43) 96/4 <1
8 Li Z Br 0 12 55 (50) 87/13 6

9By GLC. The numbers in parentheses are isolated yields.
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We then generated 1ithium 3-vinyl-1-cyclopentenolate (6) via addition of LiZCu(CH=CH2)2CN10
to cyclopentenone in ether followed by successive treatment with Me381C1 and »-BuLi in THF and
carried out allylation of the enolate to determine the regiospecificity with respect to the ring
moiety. The reaction of 6 with (2)-2-octenyl iodide and bromide in THF (-78°C to room temper-
ature) gave a mixture of 7 and § in 41% (7/8 = 3) and 26% (7/8 = 1) yields, respectively. The
yields remained essentially unchanged even when a 2:1 mixture of THF and HMPA was used. Thus,
the conventional method indeed suffers from low product yield and low ring-regiospecificity in
the above transformation, even when allylic iodides are used. On the other hand, the reaction
of 6 with (z)-2-octenyl acetate in the presence of BEt3 (2 equiv) and Pd{PPh )4 (2 mol %)
cleanly produced 7 in 64% yield (72% by GLC) The regio- and stereoselectivities with respect
to the ring moiety were >99 and >98%, respectively, and the corresponding figures for the allyl
group were 95 and >97%, respectively. Fractional distillation readily separated 9 from 7.
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To demonstrate the synthetic utility of the above-developed procedure, we chose methyl (z)-
jasmonate4 (10) as a test system. Successive treatment of 6 with 2 equiv of BEt3 in THF (-78
to 0°C), a solution of (z)-2-penten-T-yl acetate (1.7 equiv) and 2 mol % of Pd(PPh3)4 in THF
(2 h at room temperature), and 3¥ HC1, followed by extraction (ether), washing with aqueous
NaHCO3, drying over MgSO4, and distillation, gave ca. 97% pure 11 in 90% yield. Its hydro-
boration with 2 equiv of 9-borabicyclo[3.3.1]nonane (9- BBN) and oxidation with NaOH—HZOZ,
followed by further oxidation with NaZCrZO7 (4 equiv) and HZSO4 (98%, 16 equiv) provided crude
12. Its treatment with MeI-K,C0, (1.1 equiv) in dimethylformamide (8 h, room temperature)
produced, after extraction (pentane), drying, and distillation, methyl (Z)—jasmonateM in 90%
yield from 11 (70% overall yield from cyclopentenone). The product obtained without any chroma-
tographic separation throughout the synthesis was isomerically ca. 95% pure and essentially free
from any other contaminants.
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2504 12 10 (90% based on 11)

Application of the Pd-catalyzed allylation reaction to the synthesis of prostanoids will be
reported elsewhere.
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