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ABSTRACT

Synergic combination of organotransition metal catalysis and organocatalysis allows, for the first time, the Tsuji

A catalytic asymmetric variant of the reaction is also possible.

—Trost cyclization of aldehydes.

Allylation of soft carbon nucleophiles with-allylpalladium
species, also known as the Tsuji—Trost reaction, is an
important method of carbercarbon bond formatioh.The
reaction is performed under mild conditions, regioselectively,
with a wide tolerance of functional groupsAn intramo-
lecular variant of the reaction is also successful, giving rise
to rings of various sizes. Catalytic asymmetric variants are
known at both inter- and intramolecular reactions, usually
with high levels of asymmetric inductionHowever, the
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reaction has one serious limitation, as it only works well
with strongly (i.e., with doubly) stabilized enolates, whereas
synthetically more attractive proenolates, such as ketones or
esters, cannot be used. Hard nucleophiles, organometallics,
also react with allylpalladium species but by a different
mechanism, with a different stereochemical outcome and
with reduced tolerance of functional groups. The efforts
invested to overcome this restriction met with success at the
intermolecular level. This issue has been recently reviewed
and involves the use of novel ligands, iridium-based catalysts,
additives, or in situ formation of enolates from the corre-
sponding allyl enol carbonates and all§tketo esterd.
However, contrary to the plethora of examples of cyclization
of stabilized enolates, intramolecular allylations of ordinary
enolates are not known. To the best of our knowledge, a
single exception is the cyclization of a nitro derivatfve;
however, this example is rather specific, as the nitro group
is the strongest electron-withdrawing group in organic
chemistry and the acidity of of the-hydrogen (pK=9) is

(4) Braun, M.; Meier, T.Angew. Chem., Int. EQ2006, 45, 6952 and
references therein.
(5) Kardos, N.; Genet, J.-Hetrahedron: Asymmetr{994,5, 1525.



similar to that of doubly activated compourfdghe impor- ing enamine separately, which would be inconvenient and
tance of this transformation is further stressed by the fact of limited synthetic value, we designed a catalytic cycle, as
that intramolecular allylation of ester and ketone enolates represented in Scheme 2, which would create in situ the

can be a surprisingly difficult reaction. In the whole chemical
literature we were able to find only four examples of
intramolecular allylations of estérketone® or amide eno-
lates? In the course of a project directed toward the total
synthesis of the antibiotic abyssomiéfhye needed a method
for the efficient vinylcyclohexane ring-closure from the

corresponding proenolate. Several attempts to accomplish this

transformation under conventional experimental conditions,
as delineated in Scheme 1, (KHMDS, THF, with or without

Scheme 1. Attempted Intramolecular Allylation of Esters
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required reactive intermediates. The salient feature of this
concept is the combination of organocatalys@nd organo-
transition metal catalysis. The issue of our concern was the
fact that both catalysts (Pd and amine) must operate on the
same molecule; given the reversible nature of all steps and
substoichiometric quantities of the catalysts, the question was
whether the active intermediaB—enamine of ther-allyl
palladium complex—would be present in sufficiently high

not reacting or decomposing under more energetic reactionconcentration to secure an efficient synthetic transformation.

conditions. In order to enhance the reactivity of the allylic
part of the molecule, the reaction was performed in the
presence of a catalytic amount of Pd(Bg2hin this case a

The feasibility of the envisaged protocol was tested in the
reaction of4 with catalytic amounts of Pd(PB) pyrrolidine,
and one equivalent of triethylamine, in THF as a solvent, at

smooth reaction occurred; however, the product was not thert (conditions A). Much to our delight, a rapid reaction took

cyclohexane derivativé, but the corresponding die2eNot

place, giving rise to 2-vinyl-cyclopentanecarbaldehytde

surprisingly, the ester enolate behaved more as a base thaghich was isolated in 72% yield (Table 1, entry 1). The

as a nucleophile, promoting the elimination of HBr from the
s-allyl palladium specie&t

cyclization was stereoselective, with the ratio of diastereo-
isomerstrans:cis = 11:1. No reaction took place in the

Thus, softer nucleophiles were required, and we turned ghsence of any of the two catalysts, thus confirming the

reactions with sr-allyl palladium species has literature
precedent¥? However, instead of preparing the correspond-
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Cordova reported a similar approach to the intermolecular
allylation of carbonyl compounds, using allyl acetate as the
electrophile, in DMSO as a solvett.We found these

conditions also suitable for cyclizations, which occurred with
comparable yields (conditions B, entry 2). Regioisomeric,
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the reaction appears to be restricted to the formation of five-

Table 1. [Pd]/pyrrolidine-Cocatalyzed Cyclizations of and S|x-m(_amt?ered rnngs, z_sls.attemptsf _to perfme 3-exo- or
Aldehydes 7-exo-cyclizations under similar conditions failed.
— With this new cyclization method in hand, we revisited
erry  reactant method®  product t,ﬁfgc,-s our synthetic problem. Gratifyingly, the cyclization af.
Br was complete within minutes at rt, affording the desired prod-
1 OHC j\))/ OHC, uct16in 95% yield (entry 8)* Oxidation of this intermediate
A D 72%° with oxone gave the corresponding estgf thus, the overall
e cyclization/oxidation sequence was a successful synthetic
4 OAc 12 equivalent of the unfeasible ester enolate cyclization.
5 OHG j\/%/ B OO SN gaoe The next logical step was to examine whether.the cygli-
b 10/1" zation could be performed as a catalytic asymmetric reaction.
M Initial screening of organocatalysts was not successful, as
5 they either did not catalyze the reaction (MacMillan’s
3 OHG.AO B Mo g catalyst, §-proline, ©)-2-diphenylprolinol) or failed to effect
b 2/1 the asymmetric induction §-2-methoxymethyl pyrrolidine).
. 12 Better results were obtained when the role of the asymmetric
Br inductor was conferred to the metal complex. Thus, reaction
4 OHC \kf/ A N N of 7 with 3 mol % of Pd[_R)—(+)—(BINAP)] qat_alyst at O’C;
15/1 afforded the product with 36% ee, albeit in lower yield.
However, lowering the temperature +20 °C gave, after 4
EI0L 70025 FI0.C CO:H! h, the productl3 with 91% ee (Scheme 3, example 1).
Br
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aMethod A: Pd(PP$)4 (5 mol %), pyrrolidine (40 mol %), BN (1 P . . . .
equiv), THF, rt, 30 min. Method B: Pd(PRl (5 mol %), pyrrolidine (40 Similarly, optically enriched pyrrolidine derivativi4 was

mol %), DMSO, rt, 30 min®Yield of the isolated, pure compound.  Obtained with 59% ee, when the reaction was performed at

¢|solated as the corresponding alcohol, after the reduction with NaBH ° - - ; ;
410 mol % of Pd(PPY,, 0 °C (example 2). However, in this case the reaction required

(15) Preparation of6: Pyrrolidine (123.6 mg, 145L, 1.74 mmol) was
. . added to a solution of tetrakis(triphenylphosphine)palladium (183 mg, 0.174
secondary allylic acetat@gave the same produt®, albeit mmol) and aldehydd1 (542 mg, 1.15 mmol) in THF (250 mL), with
; i i ati stirring, under an argon atmosphere. After 1.5 h the solvent was removed
with much Iower §tereoselect|V|ty (entfy 3) C_yCllzatlon of under reduced pressure, and the concentrate was taken up in dichloromethane
malonate derivative/ was complete within minutes at rt (150 mL). The solution was washed with 2% aq HCI, water, aq NagCO

(entry 4), indicating a strong, positive Thorpingold effect and brine, dried over anhydrous Mg§@nd concentrated under reduced
T > h pressure. Purification by dry-flash chromatography ¢S&uent 3% ethyl
to th_e reaction rate and efficiency. _The reaction of anide  cetate in petroleum ether) afforded 458 mg (96%) of the title compound
required several hours for completion and showed that the 16, as a colorless oil. Phyaucal datf? (131)11“: IRmm(:d 2933, 2862, 17)25, 1255,
. . . 1073, 1040, 837, 777, 70tH NMR (0): 9.50 (d,J = 3.0 Hz, 1H), 7.27%
method is alsp applicable to the synthesis o_f heterocycles7_36 (M. 5H), 5.86:6.04 (m, 1H). 5.055.14 (m. 2H), 454 (s, 2H). 3.67
(entry 5). Entries 6 and 7 show that the reaction allows for (dd, J! = 2.2 Hz, 32 = 3.7 Hz, 1H), 3.41 (ddJ! = 1.8 Hz,J = 3.7 Hz,
ina- ideri 1H), 2.65—2.72 (m, 1H), 1.962.05 (m, 1H), 1.36-1.45 (m, 2H), 0.90 (d,
the cyglohexane ring-closure. When considering mpdergtej a6 Hz, 3H). 0.89 (&, SH). 0.00 (s, 3H40.02 (5. 3H)5C NMR (8):
yields in these last two examples, one should keep in mind 2053, 180.1, 138.4, 128.3, 127.7, 127.5, 117.1, 116.7, 81.8, 73.0, 70.8,
that an unsubstituted open chain is the most difficult substrate48.6, 42.4, 41.0, 29.6, 26.8, 25.7, 184]d +42 (c1 EtOAc). Anal. calcd

. . T for Co3H3603Si: C 71.08, H 9.34; found: C 71.08, H 9.49.
for cyclization and that any substitution would enhance the (16) Travis, B. R.; Sivakumar, M.; Hollist, G. O.: Borhan, ®rg. Lett.

propensity of the substrate for the ring-closure. However, 2003,5, 1031.
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8 days for completion, and for practical reasons, it was not R.N.S. is grateful to Professor Pierre Potier (deceased on
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