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The palladium-catalyzed asymmetric allylic alkylation of nu- Scheme 1. Mechanism of Allylic Oxidation

cleophiles with allyl halides, esters, carbonates, and phosphonates , % pn . e \
provides an efficient and atom-economical access to a variety of R’ Pd(0) R £’:§<,_Pr RU29% pn t LOH
useful chiral and achiral compoun#isthe use of nitronates as [ x N a—— J|>‘\OV‘TPr — | O+ /“i
nucleophiles in allylic alkylation typically results in C-alkylation R R? R? Hpr™ Ph

to a_fford synthetica_llly useful_nitroalkanéHowever, by tuning the Table 1. Oxidation of Allylic Esters and Carbonates

steric and electronic properties of the nitronate, we have discovered R

that O-alkylation can be favored and, thus, by the fragmentation JA o ® 8@ I[;]h:s:;:id(illsz r(TtlJolg%n;o:ﬁF J/g OH
mechanism shown in Scheme 1, provide a novel access/to )\ ,Pr/'\
unsaturated carbonyl compounds. The use of nitronates as nucleo-®
philic oxidants for benzyl halides has been known for a long fime,
although it is seldom utilized in synthesis.

Nitronate 1 was chosen to disfavor C-alkylation by placing 1 CoMe PPh;  100% (<1 h)
sterically encumbering groups in the adjacent positions as well as Q 9 NO qoaMe PMePh,  95% (<1 h)
to favor O-alkylation electronically by minimizing disruption of OJ\Q ’ ::\L doof 80% (2 h)
conjugation in the transition state. It was generated in situ by ® © PP °
deprotonation of the corresponding nitro compound using KHMDS, nox dppb  73% (26 hy°
which itself was generated by mixing KH and freshly distilled
HMDS in the reaction vessel prior to addition of the nitro

N 0,
compound. é PPhs 92% (1 h)
Our studies began with the attempted oxidation of methyl-5- J\©/

(benzoyloxy)-3-cyclohexene-1-carboxylate, where only moderate

i Pr
(1 equiv) 2 equw)

entry substrate product  phosphine yield (time)

E-NENVS I )

o}

W

conversion to the enone could be obtainedih using PPhas

ligand. Upon screening a small number of other leaving groups, é\

we discovered that the 3,5-dinitrobenzoate derivative was a é PPh; 96% (<1 h)
significantly better substrate, affording the enone in essentially

guantitative yield in less tml h (Table 1, entry 1). A small screen

of other phosphines showed that BRlas the best ligand for this

process, and that bidentate ligands resulted in prolonged reaction W(Q p

times. é o.  PPh;  88% (<1h)
A variety of substrates bearing this activated leaving group were )‘\Q/ @

prepared and tested (Table 1), and the inherent chemoselectivity
of this process toward allylic leaving groups was demonstrated.

N

NO,

2

For example, a good leaving group that does not occupy an allylic 3 é\ PPh R=0TBS,
position is undisturbed (Table 1, entry 7), and a variety of functional 3 95% (2 h)
groups that might otherwise be affected by other commonly utilized J\Q @ R=OH

oxidants also remain unchanged by this oxidation protocol. Tertiary PPh; 82% (2 ’h)

amines (Table 1, entry 2), thioethers (Table 1, entry 3), and

unprotected primary alcohols (Table 1, entry 9) are all comfortably 10 >—oMe QC PPh 71% (3 h)°
tolerated with no occurrence of undesired oxidation. Acyclic Q ° } oG hy
substrates (e.g., Table 1, entries 11 and 12) can also be oxidized to

the corresponding enones, although racemic ligaagpears to be 11 .y 0)01\0 /\)OK PPh;  53% (2.5h)
more effective than PRhn the case studied. 12 oA PR rac-2 97% (4 h)

The ability of chiral ligands to mediate allylic alkylation reactions
and impart high levels of enantioselectivity in the products is one
of the most appealing aspects of these processes. The desymme-
trization of meso substrates as well as the dynamic kinetic
asymmetric transformations (DYKATS) of racemic substrates with desymmetrization of meso compounds to generate chiral enones
alcohols, amines, phthalimide, and acetoacetates using ligands, suchvas first studied (Table 2, entries-B). The five- and six-membered
as2, has been shown to be both highly efficient and enantioselective rings performed well, affording the desired products in good yields
for a broad range of substrateApplying our chiral ligands to the and excellent enantioselectivity. The seven-membered ring was

a95% brsm. Volatile material. Actual yield may be higher.
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Table 2. Asymmetric Oxidation of AIIyIic Esters and Carbonates Scheme 2. Synthesis of Backvall's Paenilactone A Intermediate
0Bz (MeOC)CHNa, OBz 2eq1,
[M3-C3HsPdCI], (1 mol%), [n3 -C3HsPdCl], (0.9 mol%),
o C;”“ W @Emol%) g Ligand 2 (2.4 mol%), THF PPh; (4.5 mol%), THF
J/L 0. ﬁ? 8K@ PPh, PhP J/Js )\ 68%, 95% ee 72% (98580;/0 brsm),
T [15-CaHPACIl (0.9 mol%). o8z Me0,C” “COyMe Mo | CoaMe
(1 equiv.) (2 equiv.) THF
entry substrate product (ﬁ:rlr?) time ee¢ For chiral substrates that lead to chiral products (entrie8)4
- via a symmetricalz-allylpalladium intermediate in a DYKAT
1 e Gt () (%0;‘:) 0.6h  99% process, the yields and enantioselectivities were uniformly high,
a 0 N although with some substrates, the reactions became more sluggish
2 BZO_Q_OBZ o) Zi;’ 2h  98% than with PP and did not reach completion.
3 aonosz BZO,QO (950/;’) 12h  99% Kinetic resolution is also possible using this protocol (Table 2,
CoMe entry 10), and the conversion of the carbonate can be stopped at
o COMe around 50% to afford the starting material in a highly enantio-
4 o No 80% 1h 98% enriched state.
® o To demonstrate the further synthetic utility of this method, the
o No- synthesis ofy-substituted enoné was undertaken. This material
on is an intermediate in B&kvall's synthesis of paenilactone A and
5b &o 2 o & 77% 5h 98% was p.reV|oust prepared in three_ _steps fr_om the _bls-ac%tate.
1 :] Palladium-catalyzed malonate addition led3tin 68% yield and
® ho, ° excellent enantioselectivity (Scheme 2). Oxidation using the newly
o developed conditions and PPds ligand affordedt in good yield
NI o while retaining the high levels of enantioenrichment.
6" é 0 N 63%  hn 999 In conclusion, we have demonstrated a new and highly chemo-
o*@/“o @ (98%) selective method for the oxidation of allylic esters and carbonates.
@ ° We have also shown that the reaction can be highly enantioselective
sPh Ne2 for the oxidation of meso compounds and chiral substrates that
é sPh proceed via symmetricad-allyl Pd complexes. For chiral materials
b it 69% that do not proceed through such symmetrical Pd complexes, kinetic
7 OJKQNO ii 8l 23h 92% hotp ug Y plexes,
® o resolution is also possible. It should be noted that the nitroalkane
NO, 6 readily derives from the oxidation of the corresponding oxime
NG (5) by oxidation with sodium perborafeThus, recycling of the
o o o oxime byproduct can enhance the efficiency of this method.
2 0
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