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Abstract: A new method for preparing a-branched enones from
carboxylic acid derivatives is reported. The procedure commenced
by the reaction of N,O-dimethylamides with a masked acyl anion
equivalent, followed by the addition of (trimethylsilyl-methyl)ceri-
um dichloride to give intermediates that undergo Lewis acid medi-
ated olefination to produce enol ethers that are then hydrolyzed to
afford simple a-branched enones in high overall yields.
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In the context of designing novel approaches to complex
natural products using ring-closing metathesis as a key
step, we had occasion to require a procedure that allowed
for the synthesis of a-substituted enones from carboxylic
acid derivatives. A survey of the literature revealed that
there were few such methods of general applicability. We
were thus encouraged to develop a new synthetic method
for effecting such a construction and now report a conve-
nient three-step preparation of a-branched enones from
carboxylic acid derivatives.

The starting point for our synthesis of a-branched enones
wasthe series of N,O-dimethylamides (1a—h), which were
prepared from the corresponding acid,? acid chloride,® or
ester* according to standard methods. Treatment of
amides 1a—h with the lithium anion of ethyl vinyl ether®
afforded the intermediate enones 2a-h in high yield
(Scheme 1, Table 1).° Addition of the organocerium re-
agent derived from transmetallation of commercially
available (trimethylsilylmethyl)lithium with anhydrous
CeCl; provided the corresponding tertiary acohols 3a—h.
Use of the cerium reagent was critical to obtaining good
yieldsin this addition.”

The stage was then set for forming the desired enones by
elimination of trimethylsilanol by a Peterson olefination
protocol 2 followed by acid-catalyzed hydrolysis of the
enol ether moiety. Experiments to induce the elimination
were first performed under standard basic conditions
(NaH/HMPA or KH) leading to the desired enones in
modest yields (40-62%) along with some unidentifiable
side-products. Attempts to effect the elimination under
acidic conditions (e.g., H,SO, or HF) were unsuccessful
as hydrolysis of the enol ether function occurred compet-
itively with elimination to give 5a—h. Once the enol ether
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was transformed into a carbony! group, the elimination of
the elements of TM S-OH was substantially more difficult.
Only ketones 5a,b could be converted to the desired
enones, while protodesilylation of 3a—h was an unavoid-
able side reaction when HF was used.
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Scheme1l Reagentsand conditions: i. 2-Ethoxyvinyllithium, THF,
—78 °C; ii. Cl,CeCH,SiMe;, PhMe, —78 °C; iii. TiCl,, 2,6-lutidine,
CH,Cl,, —45 °C, then H;0".

Tablel Preparation of a-Branched Enones 4a—h from Carboxylic
Acid Derivatives 1a—h

Entry R= Yield (%) Yield (%) Yield (%)
4

2 3

a @‘7{ 88 93 72°
b Cil' 81 89 8819
OMe

Cc ©/\ (55\ 80 76 82°

e : 2 88 81 831

fa 93(91) 98(99) 93 (93)2
jen

g 69 93 631t
< )::L

12

aReaction conducted on 0.4 mmol and 4.0 mmol scaleswith identical
yields (4.0 mmol scaleyields given in parentheses).
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(Trimethylsilylmethyl)titanium dichloride has been used
in aprocess that resultsin the methylenation of aldehydes
via an intermediate titanium-alkoxide.'® This reaction in-
spired us to examine the use of titanium based reagentsto
induce the elimination of 3a—h. After some experimenta-
tion, we found that the alcohols 3a—h could berapidly and
cleanly converted to the corresponding enones 4a—h by
addition of a pre-mixed solution of TiCl, and 2,6-lutidine
at 45 °C, followed by an agqueous acid workup. Use of
2,6-lutidine as an acid scavenger was generally essential
to maintaining the integrity of the enol ether function dur-
ing the elimination step. Only 5a,b could be converted
into 4a,b. We were unable to transform 5c¢—h into 4c-h
under these conditions, presumably because generation of
a B-silyl carbocation adjacent to a carbonyl vialoss of the
hydroxyl group is unfavorable in substrates without
additional carbocation stabilizing functionalities like an
aromatic ring.

Asis evident from examination of the entriesin Table 1,
the method may be successfully applied to substrates with
varying degrees of branching in the a-position, aswell as
those having protected amine and acohol functions. Less
than 3% epimerization occurred during the conversion of
1g to 4qg, so the method is applicable to the preparation of
stereochemically pure enones.** Additionally, the scale of
the reaction sequence can be increased with ease and with
nearly identical yieldsto the small scaletriasaswasdem-
onstrated by the conversion of 1f to 4f on 4 mmol scale.
We also found that the efficiency of the three-step process
can beimproved with only aslight (<10%) decreasein the
overal yield by directly treating the cerium alkoxide in-
termediates obtained by addition of (trimethylsilylmeth-
yl)cerium dichlorideto 2a—h, with a pre-mixed sol ution of
TiCl, and 2,6-lutidine at —45 °C. For substratesthat arein-
compatible with TiCl,, standard KH-mediated olefination
conditions® can be employed, although increased reaction
times are required and slightly lower yields of the prod-
ucts may be obtained.

In summary, a concise hew method for preparing a-
branched enones from carboxylic acid derivatives has
been developed. Application of this method to the prepa-
ration of intermediates suitable for subsequent ring-clos-
ing metathesis and to natural products synthesis is
currently under investigation. The results of these studies
will be reported in due course.

Representative Procedurefor the Preparation of 2a—h

A solution of tert-BuLi (1.5 M in pentane, 10.8 mL, 16.2 mmol) was
added dropwise to a stirred solution of freshly distilled ethyl vinyl
ether (1.28 g, 17.8 mmol) in THF (20 mL) at —78 °C. The resulting
bright yellow solution was stirred at —78 °C for 10 min, and then
placed into a 0 °C bath. After 5 min, the solution was recooled to
—78 °C, and a solution of 1f (1.21 g, 5.40 mmol) in THF (27 mL)
was added via cannula. The reaction mixture was stirred at —78 °C
for 2 h, whereupon MeOH (ca. 10 mL) was added and the reaction
mixture was warmed to r.t. by removal of the cooling bath. The re-
action mixture was subsequently washed with H,O (75 mL), and the
resulting aqueous layer was extracted with Et,O (3x 20 mL). The
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combined organic layers were dried (Na,SO,) and concentrated un-
der reduced pressure, and the residue was purified by flash chroma-
tography eluting with pentane-Et,O (3:1, containing 2% v/v Et;N)
to afford 1.15 g (91%) of pure enol ether 2f asaclear ail.

Representative Procedure for the Preparation of 3a—h

Anhyd CeCl; (2.02 g, 8.20 mmol) was suspended in PhMe (41 mL)
and the mixture was sonicated for 1 h. The resulting finely divided
suspension was cooled to —78 °C, and then treated with a solution
of LiCH,TMS (0.95 M in pentane, 8.4 mL, 8.0 mmal) via syringe.
The resulting slurry was stirred for 1 h at —78 °C, whereupon a so-
lution of enal ether 2f (0.91 g, 3.90 mmol) in PhMe (5 mL) was add-
ed via cannula. The reaction mixture was stirred at —78 °C for 2 h,
and then MeOH (ca. 5 mL) was added. The reaction mixturewasal-
lowed to warm to r.t. by removal of the cooling bath, and then fil-
tered through a plug of Cedlite, and the filtrate was subsequently
washed with H,O (100 mL). The resulting layers were separated
and the aqueous phase was extracted with Et,O (3x 30 mL). The
combined organic layers were dried (Na,SO,) and concentrated un-
der reduced pressure to provide a crude residue that was purified by
flash chromatography eluting with pentane—Et,O (4:1, containing
2% v/v Et;N) to afford 1.25 g (99%) of pure alcohol 3f asaclear ail.

Representative Procedurefor the Preparation of 4a—h

Freshly distilled 2,6-lutidine (1.22 g, 11.4 mmol) in CH,CI,, (60 mL)
was cooled to —45 °C, whereupon freshly distilled TiCl, (1.08 g,
5.70 mmol) was added dropwise via syringe. The resulting bright
yellow solution was stirred at —45 °C for 15 min, and then a solution
of 3f (1.23 g, 3.80 mmol) in CH,CI, (15 mL) was added viacannula.
The resulting dark brown solution was stirred at —45 °C for 2.5 h,
whereupon ag 1 N HCI (ca. 10 mL) was added, and the cooling bath
was removed. The mixture was stirred at r.t. for an additional 10
min, and then washed with H,O (100 mL). Theresulting layerswere
separated and the agueous layer was extracted with CH,Cl, (3 x 25
mL). The combined organic layers were dried (Na,SO,) and con-
centrated under reduced pressure to provide acrude residue that was
purified by flash chromatography eluting with pentane—Et,O (4:1)
to afford 0.72 g (93%) of pure enone 4f*2 as alight yellow ail.

General Procedure for the Preparation of 4a—h Directly from
2a-h

Anhyd CeCl; (1.9 mmol) was suspended in PhMe (10 mL) and the
mixture was sonicated for 1 h. The resulting finely divided suspen-
sion was cooled to —78 °C, and then treated with a solution of
LiCH,TMS (0.95 M in pentane, 1.8 mmol) via syringe. The result-
ing durry wastirred for 1 hat —78 °C, whereupon asolution of enol
ether 2a—h (0.9 mmol) in PhMe (3 mL) was added viacannula. The
resulting mixturewas stirred at —78 °C until the reaction was judged
complete by TLC (212 h), and then transferred to a—45 °C bath.
The reaction mixture was allowed to equilibrate to this temperature
over aperiod of 10 min, and then treated with a pre-mixed solution
of freshly distilled 2,6-Iutidine (7.2 mmol) and TiCl, (3.6 mmol) in
PhMe (7 mL) at —45 °C via cannula. The resulting dark brown so-
lution was stirred at —45 °C until the reaction was judged complete
by TLC (2-4 h), whereupon agq 1 N HCI (ca. 5 mL) was added and
the reaction mixture was warmed to r.t. by removal of the cooling
bath. The mixture was stirred at r.t. for an additional 10 min, and
then isolated and purified by flash chromatography® as previously
described to give pure enones 4a—h aslight yellow or colorless oils.
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MHz, CDClI,): § =5.65 (s, 1 H), 5.23 (s, 1 H), 2.23 (s, 3H),
2.00-1.96 (comp, 3H), 1.80(d, J=2.9Hz, 6 H), 1.73-1.64
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The 4g produced from enantiomerically pure (>99% e€)
proline had an enantiomeric ratio of >97:3; Chiralcel OD
column, flowrate = 1.0 mL/min, gradient elution (1 to 3%
i-PrOH/hexanes over 60 min).

Enone 4d was most conveniently purified by distillation at
9093 °C (10 mm Hg).
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