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In this paper, we report (i) a novel method for the regio- and
stereoselective generation of ketang-dianions having an allyZ )
structure by an unprecedented chelation-aided approach using9ure 2.
p-dichlorobutylstannyl ketones and (ii) the unique reactivity of the
corresponding lithium cuprates. Remarkably, conjugate addition of

¢ deprotonation

Scheme 1

these species to enones yielded products resulting from two 5 __ggyci, rTvﬁgLiMequiV) LO-Li | MesSICI MegSiO  SiMes
consecutive €C bond-forming reactions at bottx andS-positions R Teeoc RS | T RN
of the dianion cuprates. 1b:R=tBu 05h 26 gg?gf
Anion chemistry has continuously produced versatile tools in Te:R=Fh 2c E/Z = 01100
organic synthesisSome years ago, we reported that ketone- O—SnBuCl, LiO---Li MesSIO  SiMes
dianions (lithium enolates gf-lithio ketones) can be efficiently R RT/V R
generated from lithium enolates @ftributylstannyl ketones by Sn 1d: R <Me 2d 3d:84%
Li exchangé Sequential alkylation af- and o-positions to a 1e:R=Et 2e Efze_' g%ﬁo
carbonyl group has been achieved with the dianfohsmake these )
MesSiO  SiMes

- . ™
3f
76% E/Z=0/100

o,B-dianions more practical and useful, the regio- and stereochem- O—SnBuCl, LiO---Li
ical issues regarding the generation of their enolate precursors need % l%
to be clarified. As expected from current knowledge about enolate 1f
chemistry, treatment of-tributylstannyl ketones having two
methylene groupst anda' to the carbonyl such aka with LDA
yielded a nearly 1:1 mixture of regioisomeric lithium enolates
without stereochemical control (Figure 1). It is known that highly
hindered bases such as LHMDS favor the formatioZ eholates

and can differentiateo-methylene fromo'-methiné but this
attractive base cannot override the regiochemical issues associate
with o, -dimethylene differentiation (Figure 1).

Seeking a novel approach for stereo- and regioselective e”OIatestannyl ketonedc—f and the results are also given in Scheme 1.

formation, we became curious about the use of coordinated specieqn each case dianion formation was conducted by simply adding
such ag3-halostannyl ketonégFigure 2). In principle the reaction ca. 4 equiv of-BuLi to a THF solution of3-dichlorobutylstanny

of -halostannyl ketone with organolithium reagents can proceed ketonesl at —78 °C and warming up to OC and the regio- and
through three different pathways, substitution at Srb, carbonyl  gieregchemical outcomes of the diani@nwere confirmed by
addition; andc, abstraction ofx and/ora’-proton. We envisioned gy |ative derivatization to3. The a-regio- andZ-stereoselective

thata-deprotonation to form @ enolate would precede nucleophilic deprotonation was observed when substratésnd e, having

att?ﬁk Orr]' tlhe_ ca;bonyl.b buty] Nethvl k a-methylene and/'-methine groups, were examined. Although the
e chelation-free substrate, etfii(tributylstannyl)ethyl ketone - o inselective deprotonation of substrates having two methylene

(1a), undergoes exclusive nucleophilic attack on the carbonyl in groupsa anda! to the carbonyl is particularly difficult to achieve,

the presence af-BuLi. However, in sharp contrast, whgdichlo- it is noteworthy that thex-selective deprotonation was achieved
robutylstannyl ketonelb® was treated witm-BuLi (4 equiv) in with 1f. y P

THF (=78 to 0°C, 30 min), clean reaction took place to give the
desired dianior2b, which was transformed to the disilylated product

structure predisposes the systemzdorm enolate formatiof.
Methyllithium, which is more nucleophilic and less basic than
n-BuLi, reacted predominantly via carbonyl attack and a trichlo-
rostannyl analoguelb’ suffered from an undesirablg-SnH
glimination reactior.

The generality of this straightforward method for generation of
ketonea,3-dianions was studied with some othfedichlorobutyl-

With this operationally simple method for ketongs-dianions
X ) . I : in hand, we then examined their conversion to the corresponding
3bin 90% yield by quenching with trimethychlorosilane (Scheme  ¢nher organometallic species. The resulting cuprates should be
1). Th('js rets;qult tsugg?sts tlrlla} ?bstrafilr?n gbaptroton bé'rt‘l'qBULr'] latec2PabIe of adding A-acylalkyl group to enones in 1,4-fashion but
precedes the two-step alkylation at the sn atom and the chela equ also anticipated a hitherto unknown reactivity inherent to the
* Present address: Department of Applied Chemistry, Faculty of Engineer- Unique dianion structure of these reagents. Thus, conversion to the
ing, Kansai University, Suita, Osaka 564-0073, Japan. cuprate was carried out by treating the dianion with 0.5 mol equiv
(1) For recent reviews, see: (a) Hoppe, D.; Hensehigew. Chem., Int. of copper cyanide in THF at78 °C, as exemplified by the case

Ed. Engl 1997 36, 2282. (b) Marek, |.; Normant, J. Ehem. Re. 1996 96,
3041 (%) Beak, P.: Basu'(A).; Gallagher, D. J.; Park, Y. S.: Thayumanavan, S. of 2bto 4 (Scheme 2). 2-Cyclohexenone (0.5 mmol) was added to

Acc. Chem. Re€996 29, 552. the solution containingt at —78 °C and the solution was stirred
(2) Nakahira, H.; Ryu, |.; Ikebe, M.; Kambe, N.; SonodaAxgew. Chem.,
Int. Ed. Engl 1991, 30, 177. (6) Treatment ofLb with 3 equiv ofn-BuLi at —78 °C and the subsequent

(3) For a pertinent review on enolate chemistry, see: Heathcock, C. H. In chlorosilane quenching at that temperature gaveZtkeol silyl ether of the
Modern Synthetic MethodScheffold, R., Ed.; VCH: New York, 1992; pp corresponding-tributylstannyl ketone in 72% yield, supporting the idea that

3—-102. the -tributylstannyl ketone enolate is a precursor of the diarsibn
(4) Nakahira, H.; Ryu, I.; Ikebe, M.; Oku, Y.; Ogawa, A.; Kambe, N.; (7) With the trichlorostannyl analogue ob', 3b was formed in 44% yield
Sonoda, N.; Murai, SJ. Org. Chem1992 57, 27. Side reaction to give the lithium enolate teft-butyl hexyl ketone, which is
(5) p-Dichlorobutylstannyl ketones are readily available from siloxycyclo- most likely formed vigs-elimination of the stannyl ketofiand the subsequent
propanes and butyltrichlorotin, see ref 4. Michael addition ofn-BuLi, was difficult to suppress.
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Scheme 2
o]
CucN LO  CuLisLicN @ .
THF S NH4CI/NH,OH
b @ —FF 2
7810 0°C 78 °C,1h
0.5h 4
o)
o LiAIH, OH
.
Et,0
HO 30°C, 0.5h HO
5 O 6 7
-78 °C 21% 63% 95%(one diastereomer)
0°C 0% 78% mp 157-158 °C

Table 1. Reactions of Dianion Cuprates with Enofes

run o.B-dianion 2 (from 1) reagents (conditions) product (y\eld")

1) CuCN (78100 °C)

2 2) 2-cyclohexenone (-78 °C)
1 3) NH,CIUNH,OH  (-78 °C) 5 (21%) 6 (63%)
2 (0°C) 5 () 6 (78%)
1) CuBreMe,S (-78 °C)
3 2b 2) 2-cyclohexenone (-78 °C) 5(10%) 6 (63%)
3) NH,4CI/NH,OH (-78 °C)
1) CuC=CSiMej; (1 equiv, -78 °C)
4 2b 2) 2-cyclohexenone (-78 °C) 5 (16%) 6 (42%)
3) NH4CI/NH,OH (-78 °C)
o B
1) CuCN (78100 °C) H - OH
5 2b 2) methyl vinyl ketone (-78 °C)
3) NH4CI/NH,OH (-78 °C)
8(17%) O 9 (35%)
o] O OH
1) CuCN (-78t0 0 °C)
26 2) 2-cyclohexenone (-78 °C)
6 3) NH,CUNHOH - (-78 °C) 10 (24%)° [ 11 (56%)°
7 (0°C) 10 () 11 (68%)°
1) CuCN (-7810 0 °C) Q O OH
8 2f 2) 2-cyclopentenone (-78 °C)
3) NH4CI/NH OH (-78°C)
12 23%) [ 13 (30%)
O OH
1) CuCN (-781t00 °C)
9 2b 2) 2-cycloheptenone (-78 °C) -
3) NH4CUNH,OH (0°C)
14 (70%)
O OH

1) CuCN (-78t0 0 °C)
10 2d 2) 2-cyclohexenone (-78 °C) -
3) NH4CI/NH4OH (0°C)

15 (64%)

a Reactions were conductech @ 1 mmol scale. For experimental
procedures, see Supporting Informatiéisolated yield by column
chromatography on silica g¢lObtained as a 1:1 mixture of diaster-
omers.

for 1 h atthat temperature and then the reaction mixture was
guenched by aqueous NEI/NH,CI (1:1) solution. Interestingly,
the keto alcohol6 having a bicyclo[3.2.1]octane structure was
formed as the major product in 63% yield along with 21% yield of
the Michael addition/protonation produgtThe proton quenching

at an elevated temperature {0) gave6 as the sole product with

a significant increase in the yield (78%). Bicyclic alcololas

obtained as a single stereoisomer and its exo-structure was

unambiguously determined by an X-ray analysis of the dighich
was derived by diastereoselctive reductiorbdfy LiAIH 4.
Some other results of the conjugate addition of the dianion

cuprates are summarized in Table 1. The major formation of keto

alcohols, which should involve two consecutive-C bond-forming
reactions at botl- and S-positions of the dianion structure, was
general irrespective of the types of cuprates employplus
CuBr-Me,S (run 3) an®b plus CuCCSiMe (run 4)) and was also
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Scheme 3
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one deuterium at the bridged carbon with complete stereoselectivity
(Scheme 3). Although the precise mechanism of this reaction must
await further study, this result led us to postulate an anionic cascade
reaction mechanism that consists of carbocupration of th€ C
double bond of cyclohexenone followed by an aldol reaction of
the resultinga-cuprio ketoneA with the internal lithium enolate,
where the lithioxy organocopper specigsvould be a precursor

to 6-d (Scheme 3). Alternatively, aldol reaction of the enolate
portion of the dianion cupratéwith cyclohexenone could precede
carbocupration of the internal-&C double bond, but this requires
both a diastereoselective aldol reaction and a rather rigid transition
state for the subsequent carbocupration of a now isolate@ C
double bond. The most frequently argued mechanism for organo-
cuprate conjugate addition to enones, which is based on a
controversial Cu(lll) intermediate, located to the carbonyl
preceding the formation of €C bond® does not appear to be
accommodated by our resut&?

In summary, we have shown that an unprecedented chelation-
aided approach is particularly useful for the straightforward
generation of ketone,s-dianions having th&/allyl-type structures.

The thus generated dianions can be transformed into novel types
of copper ate complexes containing an enolate moiety. It is
noteworthy that the conjugate addition to enones is dominated by
the formation of cyclic keto alcohols under a variety of conditions.
We believe that the results reported herein provide new insights
into the conjugate addition chemistry of organocuprates.
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unsaturated carbonyl compounds, see: (a) Nilsson, K.; Andersson, T.; Ullenius,
C.; Gerold, A.; Krause, NChem. Eur. J.1998 4, 2051. (b) Nilsson, K.;
Ullenius, C.; Kraus, NJ. Am. Chem. S0d996 118 4194. (c) Eriksson, M.;
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(10) Some other machansitic possibilities should also be taken into
consideration. The dienolate formation, followed by chemoselective protonation
at one of the enolates (cyclohexanone portion) and the rapid intramolecular
aldol reaction with the other enolate portion, which occur during the aqueous

observed with other enones, such as methyl vinyl ketone (run 5), workup, can account for the formation 6f However, as is evident from the
2-cyclopentenone (run 8), and 2-cycloheptenone (run 9), each ofresults of BO quenching, this chemoselective protonation, if it occurs, should

which gave a single stereoisomer of the corresponding keto alcohol.

Interestingly, quenching the reaction mixture resulting frém
and 2-cyclohexenone with O resulted in 96% incorporation of

also demand high stereoselection of the re/si faces of the enolate, which we
think highly unlikely. We are grateful to one referee who suggested a
mechanistic possibility involving-complexation of the copper on the enolate
portion or oxost-allylcopper formation.



