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The double deprotonation of acetylenic oxiranes gives allenic ketones through the 1,2-H or 1,2-Ar shift on the transient oxiranyl dianion
intermediates. The resulting dilithium ynenolates give allenic ketones upon hydrolysis or can be quenched with various electrophiles.

We have recently reported that ring-opening reaction of DO, and the dideuterated ketoneg-Ba was obtained with
acetylenic oxiranes with organolithium reagents in the more than 95% D-incorporation on the two terminal allenic
presence of BFELO occurs smoothly only at the propargylic  positions (based ofH NMR analysis).

center with pure inversion of configuratidrin the course The formation of ketones from oxiranes has been described
of these studies, we have serendipituously discovered theseveral times in the literature through the rearrangement of
unprecedented reaction of acetylenic oxirdmetranswith oxiranyl anion intermediateésTwo possible mechanisms
n-BuLi. Deprotonation at the acetylenic position occurs have been reported (Scheme 2), involving a 1,2-Hffiith
normally by the reaction dfa-transwith n-BuLi (1.1 equiv) a) or an electrocyclic ring openifigpath b), and depending
as shown through quenching with,® (Scheme 1). By  on the structure of the oxiranyl anion intermediate. In our
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contrast, the reaction dfa-transwith 2.2 equiv ofn-BuLi
leads surprisingly to allenic ketor#za upon hydrolysis. A
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s the mechanism of our transformation follows only the path

Scheme 2 ain Scheme 2, i.e., deprotonation on the propargylic oxirane
center and subsequent 1,2-H (in this case 1,2-D) shift.
H@RZ a_ oW by Qg It must be concluded that the first deprotonation at the
R L R1)\/R R H acetylenic position slows down but surprisingly does not
inhibit the second deprotonatidat the propargylic position.

H Li
I C_HexM or WU The first deprotonation occurs quickly &i78 °C, whereas
! c-Hex the second one takes place slowly-&0 °C. This can be
H compared to the behavior of similar acetylenic oxiranes
3 4 bearing a TMS group at the acetylenic termiAuBhese
. o _H__ o) L compounds have been shown to undergo rapid deprotonation
oHex)\f”/ —OHeX)K%/\Li at the propargylic center at90 °C. However, all our
5 attempts to quench the dianion failed. The rearrangement
H,0 H seems to occur immediately after the second deprotonation.
)J\//:\H Interestingly, no difference in reactivity was observed starting
cHex” ™ from the acetylenic oxiranga-ciscompared to théa-trans
2a isomer, as under the same conditions the same allenic ketone

2awas obtained in a similar yield (Scheme 4).

case, this rearrangement should necessarily occur throug_

the formation of adilithiated oxirane intermediate. The Scheme 4
structure of this dianion was then questioned. .
1) n-BuLi (2.2 eq.)

Deprotonation can occur at the propargylic position leading o  THF, -78°C to -20°C
to dianion3, followed by a 1,2-H shift to give the dilithium OHEX/—\ 2) HCIHZ0 L/
ynenolates. This deprotonation could be favored due to the Sy cHex” ™
electronic influence of the triple bond. However, this 1a-cis 2a, 64%

influence should be considerably modified by the anterior
acetylenic deprotonation. Alternatively, the deprotonation
could occur at the homopropargylic oxiranyl center, leading We have examined the scope and limitations of our
to dianion 4, which could undergo an electrocyclic ring reaction with various acetylenic oxiranes (Table 1). The
opening to gives. In both cases, the same dilithium ynenolate

5would be formed, giving allenic ketorgaupon hydrolysis. || NN
From all the possible isomeric forms of the diIithil_Jm _species Table 1. Synthesis of Allenic Ketonésrom Acetylenic

formed through the rearrangement step, @e-dilithium Oxiranes

acetylenic specieS seems to be the most probable.

o}
. . . . 2 .
To determine which of the two above depicted mechanisms )F;?/H 1) RLi (2.2 eq.) RJV.&
is followed, we have conducted the reaction on the deuterated R' 2) HCI/ H,0 R2
oxirane D-la-trans, prepared from-cyclohexanecarbal- 1ag 289
dehyde using our allenylzinc methodol&dygr the prepara-
tion of acetylenic oxiranes (Scheme 3). We obtained under entry  oxirane R R! R? yield2 %
1 la-trans n-Bu  c-Hex H 87 (60)
| 2 lads  nBu  cHex H (64)
3 1bP n-Bu  CH(Me)Et H 66 (20)
y Scheme 3 4 1c n-Bu  CH(Et) H 86 (64)
wZnBr 5 1d n-Bu (CH2.—Ph H 81 (58)
1 =
o o|>: STMS D H 6 lewd tBu  Ph H 65 (51)
I 7 1f n-Bu  Ph Ph 90 (58)
c-Hex D 2) TBAF c-Hex N ) ) )
) D-1a 8 1g t-Bu  n-Pent n-Pent 44 (18)
H

1) n-BuLi (2.2 eq.) le) E aNMR yields (isolated yield after flash chromatography on silica gel).
<eq ANH b As a 70/30 mixture of two trans stereoisomeérReaction required 3 equiv
2) HGI/ Hy0 c-Hex of RLi to achieve completiorfl As a 63/37mixture of two diastereomers.

D D-2a 85%

starting materials were prepared (as described above for

the same conditions only deuterated allenic ketongaD- D-1a) by the condensation of various aldehydes or ketones

(>98% D-incorporation), showing thus unambiguously that With the allenylzinc derived from 3-trimethylsilyl propargyl
chlorid® and subsequent quantitative desilylation/ring closure
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with TBAF. Reaction of these acetylenic oxiranes in our [ NG

conditions gives, upon hydrolysis, the corresponding allenic
ketones in fair to good isolated yields. It should be noted

that in most cases, the allenic products were obtained as

sufficiently pure crude materials; purification by flash
chromatography gave analytically pure materials but, in some
cases, in lower yields.

As seen in Table 1, allenic ketones can be obtained from
monosubstituted acetylenic oxiranes (entriess) through
1,2-H shift in good vyields. In the case of 2,2-disubstituted
acetylenic oxiranes, 1,2-Ph shift was also observed (Table
1, entry 7), whereas 1,2-alkyl shift arises in lower yields,
accompanied by important side reactions (entry 8). However,
1,2-Me shift (leading to allenic ketor#) was also observed
in the case of oxiranekh-(R*,S*) andlh-(R*,R*) (Scheme

Scheme 6
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remained the major rearrangement pathway, whatever the

stereochemistry of the starting oxirane. All these results allow
us to determine the following order of shift ability: 1,2-H
shift > 1,2-Ph shift> 1,2-Me shift.

Having established the scope and the mechanism of this
new reaction, we then turned to the chemical behavior of
the resulting dilithio ynenolat®. As depicted above (Scheme
1), hydrolysis (respectively, deuteriolysis) of the dian®n
obtained fromla afforded allenic keton@a (respectively,
D,-2a). In contrast, methanolysis of the reaction mixture gave
interestingly methoxyenoné in 76% isolated yield as a

surprisingly stable, as it could be purified by flash chroma-

tography on silica gel.

As mentioned above, the dilithiu@,C-acetylenic species
5 seems to be the most probable of all the possible lithium
dianions. The two anionic species could then show a different
reactivity. The reaction of ynenolatederived from oxirane
la-trans with pivalaldehyde (Scheme 7) gave only the
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single isomer (Scheme 6). The latter was shown to be the
(E)-isomer by NOE experiments and is presumably formed
through the stereoselective addifiaf methanol onto allenic
ketone2a formed through protonation d.

On the other hand, quenching the reaction mixture
resulting from the rearrangement step ta-trans with
TMSCI gave the TMS-enolaté as a 91/9 mixture of two

product8 (as a 50:50 mixture of two diastereoisomers),
resulting from the reaction of only one of these two anionic
moieties. The bimetallic speciésapparently reacts only at
the acetylenic terminus, even with an excess of pivalalde-
hyde. On the other hand, quenching the reaction mixture with
TMSCI after the reaction with-BuCHO gave the TMS-

stereomers (Scheme 6). The major one was found to be the,5|ate9 as a single (presumabk) isomer.

(2)-isomer by NOE experiments. The same silicon enolate
7 in the same isomeric ratio was obtained from oxirdae
cis. This enolate7 was found to be remarkably and
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In conclusion, we have disclosed a general and interesting
formation of new dilithium ynenolate species through the
unprecedented, double deprotonation of acetylenic oxiranes.
The mechanism of this ynenolate formation has been shown
to follow a double deprotonation at the acetylemind
propargylic positions of the acetylenic oxiranes, followed
by 1,2-H or 1,2-Ar shift. The resulting dilithium ynenolates
show an interesting reactivity and allow the preparation of
various structures. Among them, the formation of allenic
ketones in fair to good isolated yields must be underlined.
These compounds have been shown to present an interesting
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reactivity 1%1for instance, as Michael acceptdfss Diels-
Alder dienophiles! and in furan formatioff¢'3 Various

of the dilithium ynenolate intermediates will be reported in
due course.
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