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Summary :

Treatment of (+)-pulegone with TiClu—Mg/THF complex unexpectedly yields a) menthone (when
the reaction is carried out with t-butyl alcohol),b) allylmenthadienes (when it is carried out with allylic
halides), c) ketol dimers (when no additive electrophilic species is used); a bielectronic transfer
mechanism, leading to an umpolung on (+)-pulegone is proposed as an explanation for the formation

and the structure of the products.

For about 15 years the chemistry of low-valent Ti complexes has received great attention (1)
and now many of the reactions involving them are commonly used in synthesis (2). Our current work
has been focused on the reductive duplication of a- B unsaturated ketones by the low-valent Ti(ll) complex
we prepare by reduction of 1 equivalent of TiClu by 1 equivalent of Mg in THF. We have been able to
show that enones, with reduction potential minor to -1.90 V vs sce (3), lead to symmetric dimers (trienes
and/or allylic diols) (&) ; the formation of which involving the well-known coupling of two identical

radical anions (5). For example (-)-carvone 1 leads after 72 h. at 5°C. (6) to the diol 2 with a yield of

70 % (7).
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The formation of 2 is interesting in that it has a C2 symmetry axis (8) and therefore may be used

O 2TiCl,-Mg,2tBuOH
——

THF 72h 5°% 70%

)

for asymmetric induction (9).

But (+)-pulegone 3 reacts in quite a different way (although it should have a similar reduction
potential, about -2.30 V vs sce according to House and al. (3), to the previously studied enones). As a
matter of fact both a 1,4 reduction and an alkylation reaction take place ; even the dimers do not result

from the usual coupling (CI—C'1) of two identical radical anions.

* for part Il see : Ref : 14.
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Results :

When the reaction is carried out for 48 h. with t-butyl alcohol at r.t. (+)-pulegone leads to a mixture
of (R, S} and (R, R)-menthone 4a and 4b with a yield of 80 %.

R R
3 % R:H,D
2TiCl,-Mg, 4tBuOR 0
— + 80%
¥ THF 24h rt. < b 42/46=50/50
3 P4 :

4b

Working with tBuOD instead of tBuOH we have been able to establish the introduction of the
deuterium on the C3 position.

- Moreover, if the electrophilic species is now an allylic halide, such as allyl bromide or crotyl!

chloride, the main product of the reaction becomes a 3-allyl-p-mentha-3,8-diene without changing
any of the other reaction conditions.

= =
2TiCl,-Mg,2BF O 2TiCl,-Mg, 2Cl
— >
- THF 48h rt. . THF 48h rt. % 60%
© 5 65% z 3 : 6

Two things are worth noting : First, when we

use crotyl chloride the reaction yields only the 3-
(1-buten-3*-yl) p-mentha-3,8 diene 6 (10) and secondly, the allylic halides are not reduced by the Ti(ll)
complex under the reaction conditions (11).

- Lastly, if (+)-pulegone is allowed to react with the Ti(ll) complex only, it leads to the dimers
7 and 8 ; all of them have a C3—C'3 bond and not a C1'-C'1 one.

0 2TiCl,~Mg

—_—
THF 48h r.t.

3

80%
/8 =70/30

8
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Pascual and al. had previously obtained the ketols 7 by reduction of (+)-pulegone by Al(Na) in
Et,0 (12).

Discussion - Mechanism

Because (+)-pulegone leads to menthone and reacts with allylic halides giving allylic menthadienes
and, not having detected any dimers resulting from the usual C1—C'1 coupling, we think that the following

mechanism leading to an umpolung (13) on pulegone is most likely the right one ; As far as we know
this is the first time such a reactivity inversion is reported about (+)-pulegone.
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We have already postulated a bielectronic transfer in the case of fluorenone (14), but it could be
explained by the reduction potential values of that ketone : ~1.29 V vs sce for the formation of the radical
anion and -1.95 V vs sce for the formation of the dianion (3). In the present case, the s-cis configuration
of (+)-pulegone seems to be the more acceptable explanation for the occurence of an anionic mechanism
(15) ; as a matter of fact the transfer of a second electron to pulegone gives the dianion intermediate
a pseudo aromatic character and therefore stabilizes it (this is of course not true of an s-trans enone
like (-)-carvone for instance).

Experiments are currently being carried out to know whether the reactivity we have brought to

light with (+)-pulegone is extendable to other s-cis enones.
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