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cis-Chrysanthemic acid has been prepared in a few steps from dimethyldimedone via dibromination at
alpha positions of each carbonyl carbons. The trans-dibromide which is almost exclusively formed has
been isomerized to its cis-stereoisomer by highly chemoselective tandem H/K–K/H exchanges involving
potassium bases at low temperature (<�40 �C). Carbocyclization of the potassium enolate intermediate
takes place at around �30 �C and provide the bicyclo[3.1.0]-hexane skeleton. Lithiated bases behave dif-
ferently and mainly lead to Br/M rather than to H/M exchange. We have been unsuccessful in using state
of the art enantioselective metallation reactions to achieve the enantioselective synthesis of (1R)-cis-
chrysanthemic acid using the disclosed strategy. This therefore still remains challenge.

� 2009 Elsevier Ltd. All rights reserved.
We report a new synthetic route to cis-chrysanthemic 1 which
takes advantage of the efficient transformation of dimethyldime-
done 2 to the corresponding trans-a,a0-dibromide 3trans on reac-
tion with 2 equiv of bromine (2 mol equiv Br2, CCl4, 0 �C, 1 h, 93%
yield, Scheme 1).1,2

Easy cyclization of 3trans to the bicyclic-diketone 4 bearing a
bromine atom at a bridgehead was achieved by potassium hydrox-
ide (1.3 equiv solid KOH, THF, 20 �C, 4 h).3 Regio- and diastereose-
lective reduction using sodium borohydride and cerium trichloride
is reminiscent to the reduction of a related compound bearing a tri-
methylsilyl group instead of bromine at bridgehead.4 It selectively
occurs on the carbonyl away from the bromine atom and by the
concave face leading to 5 possessing an exo-hydroxyl group.5

The Br/H exchange at bridgehead of 5 is not, as we expected, as
easy as for other a-bromo-ketones and the presence of the aldol
functional group adds to the difficulties. For example, Zn in acetic
acid which usually reduces a-halogeno-ketones to ketones6,7 re-
acts with 5 but leads to an intractable mixture of unidentified com-
pounds. Tributyltin hydride8 however reduces 5 to 6 very
efficiently (1.1 equiv Bu3SnH, 0.1 equiv AIBN, benzene, reflux, 4 h,
ll rights reserved.

x: +32 0 81 72 45 36.
71% yield) and achieves the formal synthesis of (d,l)-cis-chrysan-
themic acid 1 (Scheme 1).4,9

This approach offers the advantage over the former one4,9a

which also produces 6, to avoid the use of mono-brominated dim-
ethyldimedone 9 which cannot be achieved selectively from 2 and
requires tedious separation from the mixture of unreacted dimeth-
yldimedone 2 and its dibrominated homolog 3.9 It also offers the
possibility to reach scalemic (1R)-cis-chrysanthemic acid by, for
example, promoting the enantioselective carbocyclization of 3 to
scalemic 4.

For that purpose we carefully studied the reactivity of 3trans to-
ward bases including chiral ones. The behavior of 3trans toward
bases was almost unknown when we started this work.10 We have
found that metallation occurs efficiently in THF (Scheme 2) with
bases containing sodium and potassium counter ions including
hydroxides (Table 1, entries 2,3), alkoxides (Table 1, entry 6), and
amides (Table 1, entries 5,7,8). Potassium carbonate suspended in
hot THF however is not strong enough to achieve metallation (Ta-
ble 1, entry 1).

The reaction already takes place at �78 �C with sodium and
potassium hexamethyldisilazide (NaHMDS or KHMDS) or potassium
t-butoxide (t-BuOK) but cyclization of 3trans to 4 does not occur even
after standing for 2 hours at that temperature since the reaction
leads after acidification to the isomerized cis-dibromodiketone 3cis
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in almost quantitative yield and extremely high diastereoisomeric
ratio (Scheme 2, Table 1, entries 5,6).11

Raising the temperature to 20 �C before acidification leads to
the bicyclic-diketone 4 bearing a bromine atom at bridgehead in
very good yield (Scheme 2, Table 1, entry 7). Cyclization also occurs
by reacting at room temperature 3cis dissolved in THF with sodium
hexamethyldisilazide or potassium or sodium hydroxide.

Lithium reagents especially lithium hydroxide and lithium
diisopropylamide (LDA) behave differently. Thus lithium hexa-
methyl disilazide (LiHMDS) in THF does not metallate 3trans, even
at room temperature, as efficiently as its potassium analog (com-
pare remaining 3trans, Table 1, entries 7,9) under these conditions,
cyclization of the enolate 7Li is not taking place to a reasonable ex-
tent (compare amount of 4 produced, Table 1, entries 7,9).

Reactions involving 3trans and LiOH and LDA are even more puz-
zling since Br/Li exchange which produces 8 is now favorably com-
peting with H/Li exchange leading to 7 since 9 is produced, in
substantial amounts, after acidification besides the epimerized di-
bromo-diketone 3cis (Table 1, entries 4,10,11).12,13 It is interesting
to notice that neither 7Li nor 8Li is prone to transannular alkylation
even under forcing conditions (Table 1, compare entries 11 to 10).

Br/Li exchange is not unexpected since 3trans possesses in
a- and a0-position one axial hydrogen and one axial bromine
atom well suited to deliver an enolate by constant overlapping of
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the orbital during the whole process. In conjunction with this
hypothesis we found that 3cis is less prone to Br/li exchange when
reacted with LDA (3trans/3cis/9/10: 22/47/27/4, compare to Table 1,
entry 11).

Rationalization of these results is highly speculative and, for
example, they are not in agreement with Pearson’s theory.14

Furthermore only few reports deal with Br/Li prevailing over
H/Li exchange in a-bromo-ketones, especially when metal
hydroxides or metal amides15 are used. It however prevails
with reagents such as metal selenolates and tellurolates pos-
sessing a softer reacting species with a-iodoketones.16 Further-
more it is surprising that the Br/M exchange observed with
LDA and LiOH is not observed when lithium hexamethyldisilaz-
ide is used instead.

With these results in hand we performed the reaction of chiral
bases possessing potassium or ammonium counterions (Fig. 1)
with the prochiral dibromodiketone 3cis (Scheme 3).

Sodium and potassium (1S,2R)-2-(dibutylamino)-1-phenylpro-
pan-1-olate 11 (Fig. 1) the Soai base17 which was also exploited
in the Duhamels group18 effectively reacts with 3cis and leads to
the desired compound 4 in 81% yield but as a racemate (1.3 equiv
11K, THF, 0 �C, 1 h). Performing the reaction at lower temperature
(�40 �C) dramatically lowers the yield but still leads to the race-
mate (29%, ee 0%).
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Table 1

BM Conditions 3trans 3cis 4 9

1 K2CO3 (i) 80 �C, 4 h, (ii) aq HCl 95
2 KOH (i) 20 �C, 4 h, (ii) aq NH4Cl 92
3 NaOH (i) 20 �C, 4 h, (ii) aq NH4Cl 88
4 LiOH (i) 20 �C, 4 h, (ii) aq NH4Cl 22 20 30 28
5 KHMDS (i) �78 �C, 2 h (ii) aq NH4Cl, �78 �C 02 98
6 t-BuOK (i) �78 �C, 2 h, (ii) aq NH4Cl, �78 �C 02 98
7 KHMDS (i) �78 �C, 2 h, (ii) �78 to 20 �C, 2 h, (iii) aq NH4Cl 04 04 93
8 NaHMDS (i) �78 �C, 2 h, (ii) �78 to 20 �C, 2 h, (iii) aq NH4Cl 14 12 74
9 LiHMDS (i) �78 �C, 2 h, (ii) �78 to 20 �C, 2 h, (iii) aq NH4Cl 53 42 05

10 LDA (i) �78 �C, 1 h, (ii) HCl, MeOH, �78 �C 26 22 52
11 LDA (i) �78 �C, 2 h, (ii) �78 to 20 �C, 2 h, (iii) aq NH4Cl 22 16 02 55
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We also carried out the reaction which involves potassium
hydroxide (Scheme 1) in the presence of scalemic ammonium salts
derived from chinconidia alkaloids19–22 such as 12–14 (Fig. 1) or
from binaphthyls22,23 15 and 16 (Fig. 1).

As expected all those catalysts allow the synthesis of 4 in good
yield but we found that under these conditions the enantioselec-
tivity of the reaction is extremely poor [(a) 12 (0.1 equiv, CsOH.-
H2O, CH2Cl2, 0 �C, 6 h, 82% yield, ee: 11%; or �40 �C, under
similar conditions, 23% yield, ee: 14%); (b) 13 (0.1 equiv, 50% aq
KOH, CHCl3–toluene, 0 �C, 6 h, 42% yield, ee: <2%); (c) 14 (0.1 equiv,
50% aq KOH, CHCl3–toluene, 0 �C, 6 h, 86% yield, ee: 5%); (d) 15
(0.01 equiv, 0 �C, 6 h, 50% aq KOH, toluene, 60% yield, ee: <1%)].

Best enantioselectivity, although extremely modest according
to usual standards, has been however obtained using Binap-de-
rived chiral catalyst 16 (0.01 equiv 16, 50% aq KOH, toluene, 0 �C,
6 h, 75% yield, ee: 26%).24
We have determined that 40 is the major enantiomer obtained
in the above alkylative annelation by transforming it to (1R)-cis-
chrysanthemic acid25 10 using the set of reactions described in
Scheme 1 for the racemate.4

Since we have observed similar results (yield and ee’s) when
performing the reaction, under similar conditions, on the trans-
diastereoisomer 3trans, we suspect that a complex process involv-
ing a series of epimerizations is taking place prior annelation
leading to 4.
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